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PREFACE 

TO  THE   FIRST  EDITION. 

THE  author  was  led  to  undertake  the  present  work  on  Turning 

and  Mechanical  Manipulation,  from  the  circumstance  of  there 

being  no  general  treatise  in  the  English  language  for  the 

guidance  of  the  Amateur  in  these  pursuits.  The  original  works 

by  Plumier  and  Bergeron,  although  they  were  suited  to  the 

periods  at  which  they  were  produced,  are  neither  of  them  sufficient 

to  convey  instruction  adequate  to  the  present  state  of  the  Art ; 

and  the  more  recent  French  works  leave  unnoticed  a  large  portion 

of  the  machines  and  instruments  now  used  by  Amateurs. 

The  greatest  difficulty  the  author  has  encountered  in  his  task, 

has  been  that  of  selection  and  arrangement ;  so  as  to  produce, 

from  materials  so  numerous  and  dissimilar,  a  work  of  general 

reference  and  practical  instruction,  at  once  sufficiently  copious 

and  accessible.  But  he  hopes  this  difficulty  has  been  suti^- 

factorily  met,  by  the  division  of  the  work  into  five  volumes,  upon 

parts  of  tin-  subject  which  are  broadly  distinguished,  and  which 

thereby  renders  the  volumes  in  a  great  measure  independent 
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of  each  other.  This  plan  is  also  carried  out  in  the  subdivision 

of  the  volumes  into  chapters,  which  may  be  considered 

severally  to  include  all  that  was  deemed  necessary  to  be  stated 

upon  the  respective  subjects ;  or  to  be,  so  far  as  they  extend, 

distinct  treatises ;  and  which,  in  cases  of  doubt,  he  has  not 

hesitated  to  submit  to  various  practical  friends  for  confirmation 

or  extension. 

These  appeals  have  been  answered  with  an  alacrity  which  calls 

for  his  warmest  thanks ;  and  the  author  gladly  avails  himself  of 

this  opportunity  of  acknowledging  these  services,  which  have 

given  a  great  additional  value  to  his  labours. 

The  work  being  of  a  technical  nature,  the  author  hopes  to 

escape  literary  criticism,  his  main  object  having  been  to  treat 

every  subject  in  clear  and  concise  language.  As,  however, 

notwithstanding  his  utmost  care,  he  cannot  expect  to  have 

been  so  fortunate  as  entirely  to  have  escaped  errors,  ambiguities, 

or  omissions,  he  requests  of  his  readers  the  favour  of  the  com- 

munication of  any  such  defects,  in  order  that  those  of  most 

material  import  may  be  noticed  in  the  Appendix  to  the  second 

and  ensuing  volume,  a  great  part  of  which  is  already  completed. 

CHARIXU  CBOSS, 

January  1,  1843. 



PREFACE 

TO   THE   SECOND   EDITION. 

THE  duty  that  primarily  devolves  upon  the  author,  in  offering 

to  the  public  the  reprint  of  his  first  volume  of  the  work  on 

Turning  and  Mechanical  Manipulation,  is  to  express  his  warmest 

thanks  for  the  very  flattering  reception  the  volume  has  met  with, 

and  which  has  greatly  exceeded  his  anticipation;  as  the  first 

edition  was  exhausted  within  two  years  of  its  appearance. 

The    author   is  disposed  to  hope  that  his  efforts  to  obtain 

accuracy  have  been  found  successful,  from  the  circumstance  that 

no  corrections  have  been  suggested ;  and  also  that  his  descrip- 

tions  have  been  found  practical,  as  various  amateurs  previously 

imaeijii-tiMted  with  some  of  the  subjects  treated  of  in  the  work, 

have  upon  following  its  pages  as  a  text-book,  succeeded  in  I  heir 

attempts    at  various  of   the  processes  described  ;  and 

amongst  these  in  some  of  the  more  difficult,  as  flattening  tiiin 

••s  of  metal,  founding,  M>1  ul  others:  these  successes 

the  author  MOWS  as  his  highest  encomium*. 
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It  is  the  author's  earnest  endeavour  to  make  his  entire  work 

keep  pace  with  the  existing  state  of  the  mechanical  arts,  which 

in  this  country  are  at  most  times  in  a  state  of  rapid  progression. 

This  will  be  attempted  by  the  introduction  in  the  successive 

appendixes,  of  such  additions  and  novelties  as  the  author  may 

consider  to  appertain  to  the  portions  of  the  work  already  printed. 

This  scheme  whilst  it  renders  the  first  edition  equally  complete 

with  the  second,  leaves  the  sequence  of  the  pages  unaltered,  so 

that  the  index  may,  as  intended,  serve  in  common  for  the 

preliminary  volumes ;  and  which  instead  of  being  limited  to  two, 

it  is  proposed  to  extend  to  three,  as  explained  at  length  in  the 

preface  to  the  Second  Volume,  which  further  portion  of  the 

work  is  this  day  also  laid  before  the  public. 

CHARING  CROSS, 

November  10, 1846. 
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HNi;   TOOLS. 

CHAPTER  I. 

INTRODUCTION. 

IN  offering  these  pages  to  the  public,  it  may  be  expected  that 
in  conformity  with  the  usual  custom,  I  should  state  briefly  the 
general  nature  and  purpose  of  my  subject,  noticing  the  principal 
works  which  have  already  been  written  upon  it,  and  lastly,  the 

hod  and  arrangement  adopted  in  the  execution  of  my  task. 
It  may,  therefore,  be  premised  that  the  practise  of  the  Art  of 

Turning  constitutes  the  basis  of  the  work,  whilst  the  various 

hanical  arts  associated  with  it,  or  derived  directly  from  it, 
will  form  collateral  branches  of  comment  and  inquiry. 

The  importance  of  the  lathe  towards  the  promotion  of  the 
ul  arts  will  be  readily  admitted,  when  it  is  considered  how 

lui^e  a  proportion  of  the  indispensable  objects  we  daily  use,  are 

either  i'lnuediately  produced  by  its  agency,  or  in  a  greater  or 
leu  degree  are  dependent  upon  this  machine.  Indeed  it  may 

'  i  uly  asserted,  that  nearly  all  solid  objects,  (particularly 
those  of  wood  or  metal,)  in  which  the  circle  or  any  of  its  modi- 

fications can  be  discovered,  arc  the  offspring  of  the  lathe,  which 
luces,  from  solid  materials  of  every  description,  an  almost 

endless  number  and  variety  of  forms,  the  origin  of  which  can  be 
B 
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traced  to  that  most  simple,  symmetrical,  and  best  defined  of  all 
the  mathematical  figures,  the  circle. 

No  perfect  or  definite  form  is  so  easily  or  so  accurately  described 
as  that  of  the  circle ;  thus  the  compasses  by  placing  one  point 

on  a  sheet  of  paper  or  other  material,  and  sweeping  the  pencil 
or  style  around  the  same,  trace  a  line  which  returns  into  itself, 
and  form  a  figure  equi-distant  at  every  part  from  the  point 
within,  termed  its  center ;  or  the  proceeding  may  be  reversed, 

by  giving  the  paper  a  rotary  motion  beneath  the  pencil,  which 

is  kept  stationary,  whereby  the  same  figure  is  produced. 
The  latter  modification  constitutes  the  principle  of  the  lathe ; 

the  fixed  center  of  the  compasses  being  equivalent  to  the  fixed 

axis  upon  which  the  solid  material  is  made  to  revolve  by  some 
mechanical  arrangement ;  the  tracing  pencil  is  supplanted  by  the 
cutting  tool,  which  being  held  in  a  certain  position  towards  the 
axis  of  rotation,  cuts  a  circular  groove  in  the  revolving  material; 

or  if  it  be  applied  to  its  edge,  reduces  the  object  to  a  circular  form. 
This  proceeding  includes  the  three  primary  elements  which 

constitute  the  ordinary  practice  of  turning ;  namely,  an  immove- 
able  axis ;  the  revolution  of  the  material  upon  that  axis ;  and  a 

fixed  position  of  the  cutting  tool,  in  order  that  it  may  pare  away 
all  the  parts  of  the  body  that  oppose  it.  But  the  application  of 
these  elements  must  be  modified  and  extended,  if  we  desire  to 

produce  a  compound  form,  such  for  instance  as  a  vase  ;  the  first 
two  elements,  or  the  fixed  axis  and  the  revolution  of  the  material, 

are  retained,  whilst  the  tool  is  moved  by  slow  degrees  along  the 
outline  or  contour  of  the  vase,  both  within  and  without,  so  as  to 

remove  all  those  parts  of  the  material  which  are  in  excess,  or 
project  beyond  the  ideal  line  to  be  produced  :  and  the  continued, 
though  temporary  application  of  the  tool,  at  every  individual 
point  of  the  vase  or  other  object,  renders  every  section  taken  at 
right  angles  to  its  axis,  a  circle.  There  are  other  less  important 
modifications  of  the  lathe,  in  which  the  position  of  the  axis  is 

changed  and  rendered  moveable  during  the  revolution  of  the 

work,  as  in  oval  and  rose-engine  turning,  but  these  variations 
need  only  be  adverted  to  here. 

The  art  of  turning  will  be  admitted  to  be  an  auxiliary  of 
great  importance  in  the  economy  of  mankind,  as  to  it  we  are 

more  or  less  immediately  indebted,  for  nearly  all  the  component 
parts  of  the  machines  and  instruments,  which  are  conducive  in 
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a  thousand  ways  to  the  support  and  clothing  of  the  person,  and 
Isanceiiient  of  the  mind. 

instance  the  engines  which  arc  now  habitually  and  almost 
universally  employed,  in  converting  the  numerous  raw  products 
of  the  earth  to  our  most  urgent,  as  well  as  to  our  most  refined 

ssities  and  pleasures  could  scarcely  exist,  in  the  ahsence  of 

the  tools  indispensably  required  for  the  accurate  production  of 
the  circular  parts,  that  enter  so  largely  and  in  so  important  a 
manner,  into  their  respect i\e  struct 

Again,  without  the  lathe  we  could  hardly  possess  another 

machine  in  which  the  circle  abounds,  namely  the  steam-engine, 
which  like  an  obedient  automaton  endowed  with  power  and 

endurance  almost  unlimited,  is  equally  subservient,  either  in 
comerting  the  raw  materials  into  their  manufactured  products, 
or  in  transporting  them,  in  either  state,  across  the  ocean,  or 
over  the  surface  of  the  earth,  along  with  the  individuals,  through 

whose  energies  they  have  been  collected,  transformed,  and  dis- 
tributed. 

Nor  amongst  our  obligations  to  the  mechanical  arts,  is  that 

the  least  which  is  afforded  by  them  in  the  cause  of  science,  the 
delicate  apparatus  for  pursuing  which,  is  due  to  the  skill  of  the 
mechanist,  whose  instruments  enable  us  to  discover,  and  like- 

wise to  measure  the  planetary  orbs,  or  to  inspect  in  the  cabinet 
the    wonderful    particles   of  the   world   we   inhabit;    and    by 

MS  of  which  we  find  our  earth  to  be  teeming  with  creation, 
exquisite  in  symmetry,  and  beautifully  adapted  to  the  purposes 
of  organic  life ;  indeed,  in  whatever  direction,  and  with  what- 

ever purpose  the  man  of  science  may  look,  prospects  of  similar 
grandeur,  and  of  equal  wonder,  still  open  in  endless  succession 

to  repay  the  labour  of  research,  an  effort  wherein  the  instru- 

•ts,   (due  in  great  measure  to  the  turner's  skill,)  are  only 
dary  in  importance  to  man's  own  mental  faculties. 

largely  also  the  circle  and  its  many  combinations  « 
into  the  elegancies  and  ornaments  of  life:  more  particularly  in 

the   useful    and    indispensable   creations    of   taste   and    fancy 
from   the   wheel  of  the  manufacturer  of  pottery  and 

i  ;  and  more  or  less  so  in  all  the  arts  of  construction  and 

embellishment,  whether  applied  to  the  useful  and  agreeable  pur- 
pose of  ornamenting  the  costume  of  mankind;  assisting  towards 
prosecution    of   the   art    of    engraving;    or  in    that  most 

!>     -' 



4  EARLY   TREATISES    ON   THE   LATHE. 

important  of  engines  the  printing-machine,  which  disseminates, 
in  millions  of  channels,  the  thoughts  and  speculations  of  the 

human  mind;  throughout  all  of  which,  the  turner's  primary 
element,  the  circle,  is  equally  pervading  and  indispensable. 

The  important  and  different  results  to  which  we  have  cursorily 
referred,  are  in  most  cases  greatly,  and  in  others  exclusively 
indebted  for  their  formation,  to  an  instrument  based  upon  the 

law  of  rotary  motion,  (one  of  the  most  simple  though  perfect 
yet  discovered,)  the  turning  lathe,  to  which  and  its  numerous 
accessories  and  subordinates,  we  must  largely  attribute  the 

extension  of  the  arts,  by  which  our  comfort  and  well-being  have 
been  materially  augmented :  whilst  their  abstraction  from  our 
hands  would  deprive  us  of  numerous  sources  of  industrious 

employment,  and  the  constructive  and  mechanical  arts  would,  in 
all  probability,  eventually  degenerate  nearly  to  the  low  condition 
in  which  they  may  be  still  observed  to  be,  amongst  the  few 
primitive  aboriginal  races  yet  remaining  at  the  present  day. 

It  will  not  therefore  be  taking  too  high  a  ground  to  call  the 

lathe, — that  primary  machine  which  has  conferred  all  these 
benefits  upon  us, — an  engine  of  civilisation,  and  it  may  also  be 
further  asserted,  that  the  extension  of  its  employment  in  the 
higher  and  more  important  branches  of  manufactures  and  arts, 
especially  in  Great  Britain,  coupled  with  the  talent,  perseverance 
and  industry  of  those  who  have  developed  its  powers,  have  aided 
in  elevating  our  country  to  its  eminence  among  nations,  by 
administering  to  its  productive  means,  and  its  knowledge,  and 

consequently,  to  its  wealth  and  dominions. 
I  will  now  advert  to  the  works  that  have  been  published  on 

the  art  of  turning,  the  honour  attached  to  priority  in  which, 
belongs  to  France,  the  first  treatise  written  exclusively  upon 

the  subject,  being  a  folio  volume  entitled,  "  L'  Art  de  Tourner  en 
Perfection"  \>y"lePere  Charles  Plumier,(ReligieuxMmime"}  and 
printed  at  Lyons  in  1701.  The  author  herein  goes  so  far  back 
as  to  refer  the  practice  of  the  art  to  Tubal  Cain,  who  is 
recorded  in  Sacred  Writ  to  have  been  the  first  worker  in  metal ; 

whilst  others  attribute  to  him  the  invention  of  wind  instruments, 
the  organ,  and  various  machines.  Plumier  considered  it  impos- 

sible that  the  circular  parts  of  such  works  could  have  been  made 
otherwise  than  by  the  process  of  turning,  which  therefore  he 

presumes  to  have  been  known  to  mankind  at  an  extremely 
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period  ;     lie  also   con>idcrs   that    the    numerous  circular 

works  and  ol  l<  d  toha\.  ,n  Solomon's*  Temple, 
including  tin-  lamp-*  and  inimical  instruments  used  therein,  could 

ha\e  l>eeii  produced  ot hcrwise  than  by  the  use  of  the  lathe. 
That   aceuunt  of  the  origin  of  the  art  which  ascribes  it  to 

ialus,  and  which  is  (juoted  hy  I'luinier  and  the  VJirious  Ency- 
clopaedists, appears  to   i)e  derived  from  Ft  lihicii,  (who  wrote  in 

I,)  as  \\ill  he  seen  hy  this  literal  extract  from  his  pages. 

"  /.'    in  rr, if  inn   tin    Tnur  r\/  //v.v  ti  itch' nne ;  Diodore  de  Sidle 
/in-  l<-],r<  mirr  (jti'i  If  ,,ut  en  usage  estoit  un  neveu  de  Dedale 

nonunr  Tain*,     i'linr  rent  <jue  ce  soil  un  Theodore 

'^0        de  Samoa;  et  il  pur  It-  d'un  Tlt<-ricl<-x  t/ni  s>-  rcm/it 
hre  dans  ces  sortes  d'onrn 

<•  cette  machine  y//'/7.<  fnumnit-nl  toutes  sortes  de 
vases,  dont  yiit'/tjufx-u/ix  t*t«i<-/it  i-nric/ii.t  d?  Jit/nres,  et  d'ornemens 

ilcniy-bosse.      Les  Auteurs    Grecs    et   Latins 
i  .     .  .  ,  .  ~.  ,,  .   . 
tornofaciiu  n-     en  park-lit  souvent,  et  Ctceron  appelle  ceux  qui  les 

*u*  formoient  au  Tour,  Vascularii.    C' estoit  un  prorerbe 
Viucularioi  cow-  panny  les  Anclens,  de  dire  que  les  chost'S  esloi<-/il 

,-  .  J'aites  au  tour,  pour  en  exprimer  lajustesse,  tt  la 
di'licatesse"* 

In  conclusion  the  writer  adverts  to  the  great  extent  to  which 

the  art  of  turning  had  been  practised  by  various  persons,  (gens 
litres,}  as  a  source  of  amusing  occupation.  Without  pursuing 
these  researches  it  may  suffice  to  observe,  that  sufficient  evidence 

s  that  the  art  of  turning  has  been  successfully  practised 
during  a  period  of  not  less  than  two  thousand  years,  although 
until  a  comparatively  recent  date,  no  description  has  been  given 
of  the  methods  pursued. 

Plumier  adverts  to  the  following  old  authors  on  various  sub- 
8,  in  which,  amongst  other  matters,  some  brief  allusions  to 

the  art  are  made,  and  which  in  point  of  date  stand  as  follows: 

1582.  Besson's  work,  "  Th<-ntnnn  Instruments  rum  tt  Machina- 

ritin,"  lias  three  engravings  of  complex  lathes  for  screw-cutting, 
and  ublique  turninir.  \\ith  very  slight  descriptions. 

1624.  De  Caus, "  Les  Raisons  des  Forces  Mouvantes,"  contains 
one  cn-ravini:,  and  a  fe\\  lines  explanatory  of  a  mode  of  turning 
the  oval  and  of  scTcw-cnttinjr. 

-S3.     "  .1  Mt-c/Kinick  Exercises,  or  the  Doctrine  of 

•    I'ogw  876-7. 
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Handy-ivorks"  published  in  London,  in  monthly  parts.  Vol.  I. 
contains,  "  Smithing,  Joinery,  Carpentry,  Turning, Bricklayery, and 

Mechanick  Dy  ailing"  with  a  good  description  of  the  apparatus  for 

turning.  Vol.  II.,  "  Handy-works  applied  to  the  Art  of  Printing" 
1690.  Felibien,  "  Des  Principes  de  V Architecture,  de  la  Sculp- 

ture, de  la  Peinture,  et  des  autres  Arts  qui  en  dependent :"  Paris. 
This  author  has  devoted  twelve  pages  to  his  remarks  on  the 
lathe,  with  a  few  words  relative  to  the  modes  of  oval  turning, 

and  to  rose-engine  work. 

In  1719,  (that  is,  eighteen  years  after  Plumier's  book,)  a 
quarto  volume  was  published  at  Lyons,  styled  "  Recueil  d' 
Ouvrages  curieux,  de  Mathematique  et  de  Mecanique ;  ou  descrip- 

tion du  Cabinet  de  M.  Grollier  de  Serviere,  par  son  petit-fils" 
This  work  contains  eighty  plates,  with  etchings  of  his  grand- 

father's designs  for  time-pieces,  hydraulic  machines,  various 
bridges,  military  and  other  works,  preceded  by  twelve  plates  of 

several  of  his  highly-ornamental  works  executed  in  the  lathe. 
And  lastly,  in  1724-7,  Leupold  published  at  Leipzic  eight 

folio  volumes,  entitled  "  Theatrum  Machinarum"  &cv  which 
include  a  vast  store  of  curious  and  useful  matter,  containing 

the  germs  and  principles  of  many  contrivances  that  are  now 
commonly  and  abundantly  used. 

All  these  books  are  contained  in  the  library  of  the  British 

Museum,  except  that  of  Plumier,*  who  appears  not  to  have  seen 
a  rare  book  of  more  remote  date  than  any  of  the  above,  namely, 

"  Panoplia  Omnium,"  &c.,  by  Hartman  Schopper,  printed  at 
Frankfort-on-the-Maine  in  1548,  about  twenty  years  after  the 
Reformation :  this  old  work  contains  180  highly  characteristic 

engravings,  cut  plank-ways  on  wood,  and  taken  from  every 
grade  of  life,  civil,  religious,  and  military,  not  forgetting  the 
liberal  and  constructive  arts,  amongst  which  arc  included  that 

of  the  turner,  and  those  of  a  variety  of  artisans  whose  pursuits 
are  intimately  allied  to  our  present  subject.  This  work,  which 

will  be  again  referred  to,  shows  that  a  great  degree  of  perfec- 
tion and  subdivision  in  the  practice  of  the  mechanical  arts 

existed  even  at  that  early  period. 

The  execution  of  Plunder's  work  is  honourable  to  its  author, 
from  the  industrious  care  and  exactness  which  it  exhibits,  more 

*  It  is  rather  singular  that  not  only  Plunder's,  but  all  the  subsequent  French 

and  English  works,  written  exclusively  on  turning  (except  Rich's)  should  beabbeiit 
from  that  extensive  and  national  collection  of  books. 



FK1  E3.  7 

especially  when  it  is  considered  that  it  is  almost  the  first  work 

publi.ilu -d  upon  the  subject  :  :i  second  edition,  with  extra  plates, 
ami  additional  text,  was  published  in  Paris,  1749,  when  it  also 

appeared  in  folio.  It  formed  the  basis  of  the  article  on  the  art 

of  Turning,  published  in  IT'.'l,  in  "  I' Encycloptdie  Mcthodiif 
.mi  in  1782,)  by  Diderot,  D'Alembert,  and  others,  wherein 
y  crowded  engravings  of  turning  machinery  are  contained  : 

various  other  French  works  on  the  same  subject  quickly  followed . 

,  tin-  earlier  edition  of  the  "  Manuel  du  Tourneur,"  2  vols. 
quarto,  171)2-4,  Paris,  by  L.  E.  Bergeron ;  this  work  is  highly 
satisfactory,  and  is  a  record  of  all  the  material  improvements 
introduced  in  the  mechanism  of  the  lathe  by  our  continental 

neighbours,  subsequent  to  the  period  at  which  Plumier  wrote; 
and  from  these  machines  many  of  our  modern  contrixances  are 
taken,  although  during  the  interval  which  has  since  elapsed, 
considerable  changes  have  been  introduced,  as  well  in  the 
manner  of  turning  as  in  the  material  of  the  apparatus,  wood 

being  in  many  cases  supplanted  by  metal,  a  more  useful  change 
as  regards  the  excellence  of  construction,  and  also  the  strength 
and  durability  of  the  machinery. 

A  second  edition  of  Bergeron's  work,  revised  by  his  son-in-law, 
llamelin  Bergeron,  was  published  in  1816;  another  smaller  pub- 

lication, entitled  "L*  Artdu  Tourneur, par  M.Paulin  Desormeux," 
vols.  12mo.,  with  an  atlas,  was  printed  in  Paris  in  1824  ;  and 

lastly,  two  small  volumes  l(5mo,  with  plates,  entitled  "A"'//// 
M a nn 1 1  du  Tourneur tou  Traitt  complet  et  vii/iji/ificde  cet  Art,  r6dig6 

/>iir  M.  Dfxxdhlf*"  the  second  edition  of  which,  printed  in  1  i 

and  forming  a  part  of  the  "  Eiiri/clnpnlie-Roret,"  completes  the 
list  of  French  works  devoted  to  the  subject,  the  last  two  being  in 

some  respects  compilations  from  Bergeron ;  the  latter  works  only 

include  the  practice  of  hand-turning,  leaving  unnoticed  the  rose- 
engine,  the  eccentric-chuck,  and  various  apparatus  described  in 

throldbooks, although  \\\c"  Manuel- Rord"  contains,  in  an  np; 
di\,  some  extracts  relative  to  the  art  of  turning,  from  more  recent 

scientific  journals,  and  the  printed  transactions  of  various  socie- 

ith  explanatory  notes,  by  Mapod,  "  Tourneur-mecanicien." 
In  1  lii-land,  where,  during  the  last  half-century,  the  art  has 

perhap>  been  tar  more  extensively  practised,  both  as  a  source  of 
emolument  and  of  amusement,  ue  find  in  addition  to  the  brief 

articles  in  the  \  arinn-  cncyclop;edias,  periodicals,  and  a  tew  works 
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devoted  to  mechanical  subjects,  only  the  following  treatises  ou 
detached  portions  of  the  art,  namely : 

1817.  "  Specimens  of  Eccentric  Circular  Turning,  with 
Practical  Illustrations  for  producing  Corresponding  Pieces  in 

that  Art.  By  John  Holt  Ibbetson,  Esq." 
1819.  "  Specimens  of  the  Art  of  Ornamental  Turning,  in 

Eccentric  and  Concentric  Patterns,  with  6  copper-plate  engrav- 

ings ;  by  Charles  H.  Rich,  Esq.,  Southampton." 
1819.  "Tables;  by  which  are  exhibited  at  one  view  all  the 

divisions  of  each  circle  on  the  dividing  plate.  By  C.  H.  Rich, 

Esq." 1825.  A  second  edition  of  Ibbetson's  Specimens. 
1833.  "A  Brief  Account  of  Ibbetsou's  Geometric  Chuck, 

manufactured  by  Holtzapffel  &  Co.,  with  a  selection  of  32 

Specimens,  illustrative  of  some  of  its  powers.  By  J.  H.  Ibbet- 

son, Esq."  * 
1838.  A  third  edition  of  Ibbetson's  Specimens  of  Eccentric 

Circular  Turning.  "  With  considerable  Additions,  including  a 
description  and  copperplate  engravings  of  the  Compound  Eccen- 

tric Chuck,  constructed  by  the  Author,  and  used  by  him  in  the 

execution  of  his  Specimens." 
The  mention  of  the  above  publications  by  Mr.  Ibbetson, 

enables  me  to  particularise  the  services  he  has  rendered  to  his 

fellow  amateurs  ;  and  their  inspection  will  abundantly  show  the 
great  care  and  perseverance  that  he  has  devoted  to  the  pursuits 
of  turning,  and  the  deserved  eminence  he  has  attained  therein. 

He  has  not  only  attended  to  the  production  of  numerous 

highly  ornamental  combinations  and  effects,  many  of  which  are 

displayed  in  the  treatises  before  cited ;  others  in  his  "  Practical 
View  of  an  Invention  for  the  better  protecting  Bank  Notes 

against  Forgery,"  editions  1  and  2, — 1820  and  21,  and  in 
numerous  communications  to  the  Mechanics'  Magazine;  he 
has  done  more  than  this  by  constructing  with  his  own  hands 
the  major  part  of  the  apparatus  that  he  has  used,  many  of 
which  are  original,  and  will  be  duly  noticed  in  their  appropriate 
places,  in  this  work. 

The  best  notices  in  our  language  of  the  general  application  of 

the  art,  are  probably  those  contained  in  Rees's  Cyclopaedia, 
under  the  heads  of  "Turning,"  "  Lathe,"  and  "  Rose  Engine." 

*  For  Mr.  Ibbetaon's  first  description  of  his  modification  of  the  Geometric  Chuck, 
see  Mechanics'  Magazine,  30th  Dec.,  1826. 
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Several  amateurs  have  undertaken  the  translation  of  Berge- 

*|    Manuel    into    tin-    English    language,    and    others    1 
commenced  new  works,  but  none  of  these  have  heen  carried  to 

completion.     The  former  proreedinj;  \vuuld   have  called  for  a 
construction  of  the  book,  which,  although  it  abounds  with  a 

great  deal  of  original,  useful,  and  practical  matter,  is  rather 

diil'use,  and  refers  to  apparatus  that  have  been  so  far  altered 
and  superseded  by  others  of  more  recent  construction,  and 
subsequent  invention,  that  such  a  translation,  if  adapted  to  the 
present  state  of  the  art,  would  almost  amount  to  a  new  work. 

The  author  of  these  pages  has  been  repeatedly  urged,  by 
many  amateurs,  to  write  a  work  upon  the  subject,  but  by  no 
one  more  than  by  his  late  father,  in  conjunction  with  whom  he 
made  several  beginnings;  but  the  pressure  of  other  business 
has  prevented  their  efforts  from  arriving  at  maturity,  and  the 

delay  has  been  materially  lengthened  by  the  difficulty  of  deter- 
mining upon  the  most  suitable  arrangement.  The  first  intention 

was  to  have  written  the  book  as  a  series  of  lessons ;  to  have 

begun  with  the  description  of  the  plain  or  simple  lathe,  and  so 
to  have  selected  the  examples,  as  to  have  successively  described 
the  more  important  and  valuable  of  those  instruments  and 
methods  which  are  now  used. 

The  writer  still  pursued  the  same  views  after  the  loss  of  his 
father,  in  1835,  and  the  work  was  somewhat  advanced  on  that 

plan,  but  ultimately  abandoned,  as  he  found  the  information 
upon  each  individual  topic  would  then  be  scattered,  difficult  of 
reference,  and  introduced  without  any  apparent  order.  That 
arrangement  of  the  work  would  also  have  prevented  him  from 
introducing  the  notice  of  many  useful  contrivances,  and  from 

ituting  a  variety  of  comparisons  between  different  methods, 
the  insertion  of  which  would  greatly  facilitate  the  explanations, 
and  present  a  choice  of  proceeding. 

Moreover,  as  the  art  now  embraces  a  much  more  extensive 

and  still  increasing  range  of  objects  and  instruments,  than  it 
did  at  the  time  when  Bergeron  wrote,  the  difficulties  of  arran 

nient  that  hi'  experienced,  are  now  proportionally  increased, 
author  also  frit  some  doubt  as  to  his  ability  to  produce, 

upon  the  first  method,  a  work  that  should  satisfactorily  meet 
the  wants  of  amateur  turners  generally,  in  reflecting  upon  the 

widely  dim:  is  with  which  they  had,  even  for  some 
centuries,  practised  turninir  and  the  mechanical  arts. 
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Many  persons  have  followed  these  arts  as  a  source  of  active 
and  industrious  employment,  accessible  at  all  hours,  in  the 
intervals  between  their  other  pursuits  ;  a  source  of  amusement 
that  renders  the  amateur  independent  of  the  ordinary  artisan 

for  the  supply  of  a  great  variety  of  works  of  utility  for  the 
common  wants  of  life,  including  those  constantly  required 

either  for  the  domestic  establishment,  or  those  personally  expe- 
rienced by  its  inhabitants,  of  every  age  and  occupation. 

Other  amateurs  have  pursued  the  art  of  turning  as  a  source 

of  elegant  recreation,  and  of  inventive  and  skilful  pastime ;  one 
closely  allied  to  the  fine  arts,  insomuch  as  its  greatest  success 
depends  upon  a  just  appreciation  of  sculpture  and  painting,  and 
for  the  attainment  of  which  the  education  and  opportunities  of 

the  man  of  independent  leisure  eminently  qualify  him ;  whilst 

the  embellishment  of  the  drawing-room,  cabinet,  and  boudoir, 
stimulate  him  to  apply  his  knowledge  and  skill  to  that  end,  and 
in  which  he  frequently  administers  at  the  same  time  to  the 

extension  and  cultivation  of  tasteful  form  in  ordinary  manu- 
factures. 

There  is  also  a  class  of  amateurs  who  have  preferred  the  pur- 
suit of  such  branches  of  the  art  as  unite,  with  taste  and  design, 

a  certain  admixture  of  the  more  exact  acquirements  connected 

with  mathematical  and  general  science,  and  the  arts  of  con- 
struction }  and  who  have  devoted  their  time  and  ingenuity  to 

the  production  of  models,  embracing  a  variety  of  objects  relative 
to  the  arts  of  peace  and  war;  and  also  to  the  construction  of 

various  machines  and  apparatus,  or  to  the  still  more  praiseworthy 
attempt  of  improving  those  already  in  use,  or  of  inventing  new 
ones ;  the  services  that  have  been  thus  rendered  by  men  of 
independence  and  education  are  neither  few  nor  slight.  In  all 
such  cases  the  progress  is  more  rapid  and  certain,  when  the 
pencil  is  devoted  to  the  production  of  the  drawing,  and  the  tool 
to  the  formation  of  the  rough  model,  as  proceedings  in  common, 
prior  to  making  the  finished  apparatus. 

In  selecting  topics  from  the  very  numerous  branches  of  the 
subject,  the  author  has  endeavoured  to  supply  the  more  imme- 

diate wants  of  all  classes  of  amateurs,  and  under  these  circum- 
stances he  has  thought  it  best,  for  the  convenience  and  choice 

of  the  general  -reader,  to  separate  the  practical  division  of  the 
subject  of  Turning  into  three  distinct  and  different  parts,  to  be 
preceded  by  three  general  or  preliminary  volumes,  to  contain 



MIR  \\oniMIT  CONSEQUENTLY    ADOPTED    BY    Till.    \i  limit.       11 

miscellaneous  information  more  or  less  required  in  the  pursuit 

of  every  branch  of  the  mechanical  arts;  thus  dividing  the 

entire  work  into  six  volumes —namely, 
VOL.  L 

MATERIALS,  THEIR  DirncEKKCB,  CHOICE,   AND  PREPARATION;  VARIOUS  Moon 
Or   WORKING  THEM,  OENXRALLT  WITHOUT  <  >uLB. 

VOL.  II. 

THB  PRINCIPLES  or  CONSTRUCTION,  AMD  PURPOSES  or  CUTTING  TOOLS. 

VOL.  III. 

ABRASIVE  AND  MISCELLANEOUS  PROCESSES. 

VOL.  IV. 
THE  PRINCIPLES  AND  PRACTICE  or  HAND  OR  SIMPLE  TURN 

VOL.  V. 

THE  PRINCIPLES  AND  PRACTICE  or  ORNAMENTAL  OR  COMPLEX  TURNING. 

VOL.  VL 

THE  PRINCIPLES  AND  PRACTICE  or  AMATEUR  MF.CHANICAL  ENGINEER  : 

The  first  volume,  which  is  now  in  the  hands  of  the  reader, 

relates  principally  to  the  materials  for  turning  and  the  mecha- 
nical arts,  arranged  under  the  heads  of  the  three  great  sources 

from  which  they  are  respectively  derived ;  namely,  the  vegetable, 
the  animal,  and  the  mineral  departments  of  nature;  it  includes 
also  their  treatment  in  the  extended  sense  of  the  word,  so  far 

as  regards  their  preparation  for  the  Lathe,  and  their  employment 
in  various  distinct  brandies  of  mechanical  art,  the  practices  of 
which  do  not  in  general  require  the  use  of  tools  with  cutting i'S. 

The  metallic  materials  are  submitted  to  the  greatest  variety 

of  processes,  and  which  mainly  depend  on  their  properties  of 

fu>ibility,  malleability,  and  ductility;  and  consequently,  the 
formation  and  qualities  of  alloys  are  considered,  as  also  the 
arts  of  founding  and  soldering;  those  of  forging  works  in  iron 

and  steel  which  are  comparatively  thick,  and  the  nearly  analo- 
gous treatment  of  thin  works,  or  those  in  sheet  metals;  drawing 

tubes  and  wires,  hardening  and  tempering,  and  a  variety  of 

correlative  information  is  also  offered,  for  the  particulars  of 
which  the  reader  is  referred  to  the  Table  of  Contei. 

-reond  volume,  on  cutting  tools,  is  intended  first  to  explain 
the  general  principles  of  cutting  tools,  which  arc  few  and  simple  ; 

the  forms  and  proportions  of  tools  are  however  extensively  modi- 
fied, to  adapt  them  to  the  different  materials,  to  the  various 
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shapes  to  be  produced,  and  to  the  convenience  of  the  operator, 
or  of  the  machine  in  which  they  are  fixed.  The  remarks  on  the 
tools  will  inevitably  be  somewhat  commingled  with  the  account 
of  their  practical  use,  and  the  consideration  of  the  machines  with 
which  they  are  allied,  as  indeed  it  is  difficult  to  say  where  the 

appellation  of  tool  ends,  and  that  of  machine  or  engine  begins. 
The  tools  will  be  treated  of  in  different  chapters,  on  Chisels  and 

Planes,  Turning  Tools,  Boring  Tools,  Screw  Cutting  Tools,  Saws, 
Files,  Shears  and  Punches,  and  in  various  subdivisions. 

The  third  volume  will  be  devoted  to  the  description  of  abrasive 

processes;  namely,  those  for  restoring  or  sharpening  the  edges 
of  the  cutting  tools ;  those  for  working  upon  substances  to  which, 
from  their  hardness  or  crystalline  structure,  the  cutting  tools  are 

quite  inapplicable;  and  also  to  the  modes  of  polishing,  which 
may  be  viewed  as  a  delicate  and  extreme  application  of  the 
abrasive  process,  and  the  final  operation  after  the  cutting  tools ; 

and  lastly,  to  the  ordinary  modes  of  staining,  lackering,  varnish- 
ing, and  other  miscellaneous  subjects. 

The  titles  of  the  fourth,  fifth,  and  sixth  volumes  are,  it  is 

expected,  sufficiently  descriptive  of  their  contents,  which  will  be 
arranged  with  a  similar  attempt  at  order  and  classification,  upon 
which  it  is  unnecessary  here  to  enlarge.  From  the  systematic 

arrangement  attempted  throughout  the  six  volumes,  it  is  hoped 
that  instead  of  the  numerous  descriptions  and  instructions,  being 
indiscriminately  mixed  and  scattered,  they  will  assume  the  shape 
of  so  many  brief  and  separate  treatises,  and  will  in  a  great 
measure  condense  into  a  few  consecutive  pages,  the  remarks 
offered  under  every  head ;  a  form  that  will  admit  of  any  subject 
being  selected,  and  of  a  more  easy  and  distinct  reference  and 
comparison,  when  the  reader  may  find  it  necessary ;  a  facility 
that  has  been  particularly  studied. 

Every  one  of  the  six  volumes  may  be  considered  as  a  distinct 
work  and  complete  in  itself;  this  will  admit  of  any  selection 
being  made  from  their  number.  At  the  same  time  it  is  to  be 

observed  that  the  first,  second,  and  third  ̂ are  written  as  accom- 
panying volumes,  and  will  have  an  index  in  common,  so  as  to 

constitute  a  general  and  preliminary  work;  the  addition  to 

which,  of  one  of  the  other  volumes,  will  render  the  subject  com- 
plete for  any  of  the  three  classes  of  amateurs  before  referred  to, 

should  the  entire  work  be  deemed  too  extensive. 
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CHAPTER  II 

MATERIALS  FROM  THK  VIJ  ;i:T.\i:i.i:  KINGDOM. 

SECT.  I.  —  THEIR  GROWTH,  STRUCT!  it  i  .    \  M)  PREPARATION. 

materials  used  in  turning  and  the  mechanical  arts  are 

•  •dinijly  numerous  :  we  obtain  from  the  Vegetable  Kingdom 
an  i  \arirty  of  woods  of  different  characters,  colours, 
and  degrees  of  hardness,  and  also  a  few  other  substances. 

Tlu>  most  costly  and  beautiful  products  of  the  Animal  King- 
dom, are  the  tusks  of  the  elephant,  the  tortoise  and  pearl  shells; 

but  the  horns,  hoofs,  and  some  of  the  bones  of  the  ox,  buffalo. 

and  other  animals,  are  also  extensively  used  for  more  common 

purposes. 
From  the  Mineral  Kingdom  are  obtained  many  substances 

which  arc  used  in  their  natural  states,  and  also  the  important 
products  of  the  metallic  ores. 

ould  be  altogether  misplaced  to  attempt  a  minute  and 

general  description  of  these  varied  materials,  as  they  will  be 

found  in  their  more  appropriate  places  in  works  on  natural  his- 

tory, physiology,  mineralogy,  and  metallurgy;  and  it  is  the  less 
necessary,  as  those  which  are  more  commonly  used,  are  familiar 
to  us  in  the  buildings,  machinery,  implements,  furniture,  and 
ornaments,  by  which  we  are  surrounded  :  others  of  less  extensive 

supply  arc,  in  many  respects,  only  varieties  which  are  subject  to 

similar  usau'e.  I  shall  therefore  principally  restrict  myself,  to 
the  description  of  those  characters  of  the  usual  materials  which 

1-  ad  the  artisan  to  select  them  for  his  several  purposes,  and  that 
also  direct  the  choice  of  the  tools  by  means  of  which  they  arc 

respectively  worked. 
P>y  far  the  most  numerous  and  important  of  the  materials 

from  the  Vegetable  Kingdom  arc  the  wood*,  with  which  most 

parts  of  our  globe  are  abundantly  supplied;  great  numbers  of 

them  are  used  in  their  respective  countries,  and  are  known  to 

naturalist,  although  but  a  very  inconsiderable  portion  of 

them  arc  familiar  to  us  in  our  several  local  practices. 
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The  woods  that  are  the  most  commonly  employed  in  this 

country,  are  enumerated  in  an  alphabetical  list,  together  with 
the  most  authentic  information  I  could  obtain  concerning  them ; 

in  collecting  which,  the  assistance  of  various  kind  friends  has 

been  obtained,  amongst  whom  are  numbered  travellers,  natural- 

ists, merchants  and  manufacturers.  Various  museums,  collec- 
tions, and  works,  have  been  carefully  examined,  so  as  to  include 

in  the  list,  the  more  important  of  the  various  names  of  the 
woods,  their  countries,  general  and  mechanical  characters,  and 

their  principal  uses  in  the  arts  of  construction. 
The  alphabetical  catalogue  is  preceded  by  a  tabular  view, 

intended  to  classify  the  woods  that  are  the  most  generally  selected 
by  our  artisans  for  certain  ordinary  uses  ;  it  will  also  serve,  in 
a  slight  degree,  to  throw  them  into  groups  according  to  some 
of  the  differences  between  them,  referrible  principally  to  their 
fibrous  structures,  by  which  they  are  distinguished  as  hard  or 

soft,  elastic  or  non-elastic,  of  plain  or  variegated  appearance,  of 
permanent  figure  or  the  reverse. 

Their  other  varieties,  in  respect  to  colour  and  scent,  and  the 

oils,  resins,  gums,  medicinal  and  various  other  matters,  they 
respectively  contain,  are  questions  of  equal  importance,  but  they 
are  more  connected  with  the  chemical  and  economic  arts,  and  but 

slightly  concern  this  inquiry.  I  shall  therefore,  nearly  restrict 
myself  to  the  questions  arising  from  the  mechanical  structure 
and  treatment  of  the  woods,  which  it  is  proposed  to  consider  under 
separate  heads,  in  the  present  and  three  following  chapters. 

The  general  understanding  of  the  principal  differences  of  the 
woods  will  be  greatly  assisted  by  a  brief  examination  into  their 

structure,  which  is  now  so  commonly  and  beautifully  developed 
Figs.  1.  2.  3. 

by  the  sections  for  the  microscope.     The  figures  1,  2,  3  arc 

drawn  from  thin  cuttings  of  beech-wood,  prepared  by  the  opti- 
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that    instrument;  the  principal    lines  alone  arc  repre- 
and   tlicse  arc  magnified  to  about  twice  their  linear 

perspicuity. 
Fig.  1,  which  represents  the  horizontal  or  transverse  section 

of  a  young  tree  or  a  branch,  shows  the  arrangement  of  the  annual 
rings  around  the  centre  or  pith  ;  these  rings  are  surrounded  by 

an  exterior  covering,  consisting  also  of  several  thinner  layers, 
which  it  will  suffice  to  consider  collectively,  in  their  common 
acceptation,  or  as  the  bark.  The  fibres  which  are  seen  as  rays 
proceeding  from  the  pith  to  the  bark,  are  the  medullary  rays  or 
plates. 

•2  and  3  are  vertical  sections  of  an  older  piece  of  beech- 
wood.  Fig.  2  is  cut  through  a  plane,  such  as  from  a  to  a,  in 

which  the  ed^es  of  the  annual  rings  appear  as  tolerably  parallel 
fibres  running  in  one  direction,  or  lengthways  through  the  stem  ; 
the  few  thicker  stripes  are  the  edges  of  some  of  the  medullary 
rays. 

li.:.  3  is  cut  radially,  or  through  the  heart,  as  from  b  to  b. 

In  this  the  fibres  are  observed  to  be  arranged  in  two  sets,  or  to 

run  crossw  ays  ;  there  are  first  the  edges  of  the  annual  rings,  as 
in  fig.  2,  and  secondly,  the  broad  medullary  rays  or  plates. 

'1  lie  whole  of  these  figures,  but  especially  the  last,  show  the 
character  of  all  the  proper  woods,  namely,  those  possessing  two 

seta  of  fibres,  and  in  which  the  growth  of  the  plant  is  accom- 
plished, by  the  yearly  addition  of  the  external  ring  of  the  wood, 

and  the  internal  ring  of  the  bark,  whence  these  rings  are  called 
annual  rin^s,  and  the  plants  arc  said  to  be  exogenous,  from  the 
growth  of  the  wood  being  external. 

In  tiir.  1  the  medullary  rays  are  the  more  distinctly  drawn,  in 
accordance  with  the  appearance  of  the  section,  as  they  seem  to 
constitute  more   determinate  lines;  whereas  the  annual  rinjrs 

s  of  tubes,  arranged  side  by  side,  and   in 
contact  with  each  other,  and  which  could  not  be  represented  on 

so  small  a  scale.     At  the  outer  part  of  each  annual  1-111-  these 
tubes  or  pores  appear  to  be  smaller  and  closer ;  the  substance 

jucntly  more  dense,  from  the  greater  proportion  of  the 
irmini:  the  walls   of  the   tubes;    and   the   inner  or  the 

softer  parts  of  the  annual  rings  have  in  general  larger  Teasels, 
and  t : 

In  many  plants  the  wedge-form  plates,  intermediate  between 
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the  medullary  rays,  only  appear  as  an  irregular  cellular  tissue 

full  of  small  tubes  or  pores,  without  any  very  definite  arrange- 
ment.- The  medullary  rays  constitute,  however,  the  most  cha- 

racteristic part  of  the  structure,  and  greatly  assist  in  determin- 
ing the  difference  between  the  varieties  of  the  exogenous  plants, 

as  well  as  the  wide  distinction  between  the  entire  group  and 

those  shortly  to  be  described.  The  medullary  rays  also  appear, 

by  their  distinct  continuity,  to  constitute  the  principal  source  of 
combination  and  strength  in  the  substance  of  the  woods ;  most 

of  the  medullary  rays,  in  proceeding  from  the  center  to  the  cir- 
cumference, divide  into  parts  to  fill  out  the  increased  space. 

In  the  general  way,  the  vertical  fibres  of  the  annual  rings, 
and  the  horizontal  fibres  of  the  medullary  rays,  are  closely  and 

uniformly  intermingled ;  they  form  collectively  the  substance  of 

the  wood,  and  they  also  constitute  two  series  of  minute  inter- 
stices, that  are  viewed  to  be  either  separate  cells  or  vessels, 

the  majority  of  which  proceed  vertically,  the  others  radially. 
In  many,  as  the  oak,  sycamore,  maple,  and  sweet  chesnut,  the 
medullary  rays,  when  dissected,  exhibit  a  more  expanded  or 
foliated  character,  and  pervade  the  structure,  not  as  simple  radial 
tubes,  but  as  broad  septa  or  divisions,  which  resemble  flattened 
cells  or  clefts  amongst  the  general  groups  of  pores,  giving  rise  to 

the  term  silver-grain,  derived  from  their  light  and  glossy  appear- 
ance :  they  vary  considerably  in  size  and  number. 

The  beech-wood,  fig.  3,  has  been  selected  as  a  medium  example 
between  this  peculiarity  and  the  ordinary  crossings  of  the  fibres, 

which  in  the  firs  and  several  others  seem  as  straight  as  if  they 
were  lines  mechanically  ruled;  and  even  in  the  most  dense  woods 
are  in  general  easily  made  out  under  the  microscope. 

The  vessels  or  cells  running  amidst  the  fibres  are  to  the  plant 

what  the  blood-vessels  and  air-cells  are  to  the  animal;  a  part  of 
them  convey  the  crude  sap  from  the  roots,  or  the  mouths  of  the 
plant,  through  the  external  layers  of  the  wood  to  the  leaves,  in 
which  the  sap  is  evaporated  and  prepared ;  the  fluid  afterwards 
returns  through  the  bark  as  the  elaborated  sap,  and  combines 

with  that  in  the  external  layers  of  the  wood,  the  two  constituting 

*  In  the  Ciuampelot  Pareira,  belonging  to  the  natural  order  Menispermacece,  this 
structure  is  singularly  evident ;  the  medullary  rays  are  very  thick,  and  almost  de- 

tached from  the  intermediate  wedge-form  plates,  which  are  nearly  solid  except  the 
few  pores  by  which  they  are  pierced,  much  like  the  substance  of  the  common  cane. 
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^cambium.     The   latter  ultimately  becomes  consolidated  for 

the  prndiie:i..n  uf  the  new  annual  riui;  that  is  deposited  beneath 

the  loosened  hark,  and  which  is    exentually  to  constitute  a  part 

nil  suhstam-c  or  wood;  the  bark  also  receives  a 
minute  addition  yearly,  and  the  remainder  of  the  fluid  returns 
to  tin-  earth  as  an  excretion.* 

The  other  order  of  plants  grows  in  an  entirely  different  man- 

ner, namely  by  a  deposition  from  within,  whence  they  are  said 
to  be  endogenous ;  these  include 
all  the  grasses,  bamboos,  palms, 
&c.  Endogens  are  mostly  hollow, 
and  have  only  one  set  of  fibres, 
the  vertical,  which  appear  in 
the  transverse  section,  fig.  4, 

as  irregular  dots  closely  con- 
gregated around  the  margin, 

and  gradually  more  distant 
towards  the  center,  until  they 

finally  disappear,  and  leave  a 

central  cavity,  or  a  loose  cel- 
lular structure.  Fig.  5  repre- 
sents the  horizontal,  and  fig.  G 

the  vertical  section  of  portions 

/'  of  the  same,  or  the  cocoa-nut 
palm,  (Cocos  nucifera,)  of  half 
their  full  size. 

All  the  endogens  are  considered  to  commence  from  a  circular 

pithy  -stem  which  is  entirely  solid;  some,  as  the  canes,  maintain 

this  solidity,  with  the  exception  of  the  tubes  or  pores  extending 
throughout  their  length.  The  bamboos  extend  greatly  in 
diameter,  so  as  to  become  hollow,  except  the  diaphragms  at  the 
knots;  these  are  often  used  as  cases  for  rolls  of  papers.  The 

palms  generally  enlarge  still  more  considerably  to  their  extreme 
which  in  some  cases  is  fifty  times  the  diameter  of  the 

original  stem,  the  center  beint:  s<>ft  and  pithy. 
Some  of  the  palms,  &c.,  denote  each  yearly  increase  by  one  of 

*  The  reader  ia  referred  to  the  following  articles  in  the  three  editions  of 

\  '3  Introduction  to  Botany,  namely — "  Exogcnoui  itmcturc"  and  "  Of 

tAe  ttem  and  origin  of  wood  ;"  and  alao  "  Exoyent,"  and  "  Bndogent,"  by  the  name 
author  in  the  Penny  Cyclopaedia:  all  are  replete  with  physiological  interest. 
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the  rings  or  markings  upon  their  stems,  which  are  always  soft  in 

the  upper  part,  like  a  green  vegetable,  and  terminate  in  a  cluster 

of  broad  pendent  leaves,  generally  annual,  and  when  they  drop 

off  they  leave  circular  marks  upon  the  stem,  which  are  some- 
times permanent,  and  indicate  by  their  number  the  age  of  the 

plant.  The  vertical  fibres  above  referred  to,  proceed  from  the 
leaves,  and  are  considered  to  be  analogous  to  their  roots,  and 
likewise  to  assimilate  in  function  to  the  downward  flow  of  the 

sap  from  the  leaves  of  the  exogens :  whereas  in  the  palms  they 
constitute  separate  and  detached  fibres,  that  first  proceed 
inwards,  and  then  again  outwards,  with  a  very  long  and  gradual 

sweep,  thereby  causing  the  fibres  to  be  arranged  in  part 

vertically,  and  in  part  inclined,  as  in  the  figure.* 
The  substance  of  the  stems  of  the  palms,  is  not  allowed  by 

physiological  botanists  to  be  proper  wood,  (which  in  all  cases 
grows  exteriorly,  and  possesses  the  two  sets  of  fibres  shown  in 
fig.  3,)  whereas  the  endogenous  plants  have  only  the  one  set,  or 
the  vertical  fibres;  and  although  many  of  this  tribe  yield  an 
abundance  of  valuable  gifts  to  the  natives  of  the  tropical  climates 

in  which  they  nourish,  only  a  portion  of  the  lower  part  of  the  shell 
of  the  tree  is  available  as  wood ;  amongst  other  purposes,  the 

smaller  kinds  are  used  by  the  natives  as  tubes  for  the  convey- 
ance of  water,  and  the  larger  pieces  as  joists  and  beams. 

The  larger  palms  generally  reach  us  in  slabs  measuring  about 
the  sixth  or  eighth  part  of  the  circle,  as  in  fig.  4,  the  smaller 
sizes  are  sent  entire;  fig.  5  represents  a  small  piece  near  the 
outside,  with  the  fibres  half  size ;  but  the  different  palms  vary 
considerably  in  the  shapes,  magnitudes  and  distances  of  the 
fibres,  and  the  colours  and  densities  of  the  two  parts. 

In  the  vertical  section,  fig.  6,  which  is  also  drawn  half  size,  the 
fibres  look  like  streaks  or  wires  embedded  in  a  substance  similar 

to  cement  or  pith,  which  is  devoid  of  fibrous  structure;  the 

inhabitants  of  the  Isthmus  of  Darien  pick  out  the  fibres  from 
some  of  the  palms  and  use  them  as  nails,  they  are  genernlly 
pointed,  and  in  the  specimens  from  which  the  drawing  was  made, 
they  are  as  hard  as  rosewood,  whereas  the  pithy  substance  is 
quite  friable.  Some  of  the  smallest  palms  are  imported  into 

tlii.s  country  for  walking-sticks,  under  the  names  of  partridge  and 

*  The  leaves  of  the  exogens  are  by  some  thought  to  send  down  similar  roots 
or  fibres,  between  the  bark  and  wood  for  the  formation  of  the  annual  ring. 
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tang  canes,  4o  ordinary  canes  and  bamboos  are  too 
;  known  to  require  more  than  to  be  named. — See  article 

1'  VIMS,  in  the  catalogue. 
To  return  to  the  more  particular  examination  of  the  woods 

that  most  concern  us,  it  will  be  observed  that  the  central  pith  in 

I,  happens  to  he  of  an  irregular  triangular  shape.  This,  the 

primary  portion  of  the  plant,  is  in  the  first  instance  always 

mlrieal ;  it  is  supposed  to  assume  its  accidental  form,  (which  is 

MTV  frequently  hexagonal,)  from  the  compression  to  which  it  is 

'•eted.     The  pith  governs,  in  a  considerable  degree,  the 
ral  figure  or  section,  as  all  the  series  of  rings  will  be 

observed,  in  fig.  1,  pngc  11,  to  have  a  disposition  to  project  at 
three  points;  but  with  the  successive  additions,  the  angular 
form  is  gradually  lost,  as  it  would  be  if  we  wound  a  ribbon  upon 
a  sniidl  triangular  wire;  for  after  a  time,  no  material  departure 
from  the  circular  form  would  be  observable. 

A  greater  variation  amongst  the  rings  is  due  to  the  more  or 
less  favourable  growth  of  the  successive  years,  and  to  the  different 

•sure  of  the  tree  to  the  sun  and  air,  which  develop  that  side 
of  the  plant  in  an  additional  degree ;  whereas  the  tree  growing 
against  a  wall  or  any  other  obstruction,  becomes  remarkably 

ted  on  that  side  of  its  axis,  from  being  so  shielded. 
The  growth  of  a  tree  is  seldom  so  exactly  uniform  that  its 

section  is  circular,  or  its  heart  central,  often  far  from  it ;  and  as 

i  y  annual  ring  is  more  consolidated,  and  of  a  deeper  colour 

on  its  outer  surface,  they  frequently  serve  to  denote  very  accu- 
.y,  in  the  woods  growing  in  cold  and  temperate  climates, 

t  he  age  of  the  plant,  the  differences  of  the  seasons,  the  circum- 
stances of  its  situation,  and  the  general  rapidity  of  its  growth. 

it  in  many  hot  countries  the  difference  between  the  growing- 
season  and  that  of  rest,  if  any  occur,  is  so  small,  that  the  zones 

PC  confounded,  and  the  observer  finds  himself  inca- 
pable of  distinguishing  with  exactness  the  formation  of  one  } 

from  that  of  another."* 
r,  difficult  to  arrive  at  any  satisfactory  conclusion 

respecting  the  qualities  of  woods  from  the  appearance  of  their 
annual  rings  ;  for  instance,  in  two  specimens  of  larch,  considered 

by  Mr.  Fineham  t  to  be  exceedingly  similar,  in  specific  gra\ 

*   I >r.  I..r.  i ..  y'.i  Introduction  to  Botany,  second  edition,  p.  7 
f  Principal  builder  of  Her  Majesty's  Dock-yard,  Chatham. 

C   2 
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strength  and  durability ;  in  the  one,  Scotch  larch,  there  were 

only  three  annual  rings  in  five-eighths  of  an  inch,  whereas  in 
Italian  larch  there  were  twenty-four  layers  in  the  same  space. 
In  some  of  the  tropical  woods  the  appearance  of  the  rings  can 
scarcely  he  defined,  and  in  a  specimen  of  the  lower  or  butt  end 
of  teak,  now  before  me,  three  annual  rings  alone,  cover  the 

great  space  of  one  inch  and  three-eighths. 
The  horizontal  section  of  a  tree,  occasionally  looks  as  if  it  were 

the  result  of  two,  three,  or  more  separate  shoots  or  stems  con- 
solidated into  one ;  in  some  of  the  foreign  woods  in  particular, 

this  irregularity  often  gives  rise  to  deep  indentations,  and  most 
strange  shapes,  which  become  eventually  surrounded  by  one 
single  covering  of  sap ;  so  that  a  stem  of  considerable  girth  may 

yield  only  an  insignificant  piece  of  wood,  scarcely  available  for 

the  smallest  purposes  of  turnery,  much  less  for  cabinet  work.* 
The  circulation  of  the  sap  is  considered  to  be  limited  to  a 

few  of  the  external  layers,  or  those  of  the  sap-wood,  or  albur- 
num, which  are  in  a  less  matured  state  than  the  perfect  wood, 

or  duramen,  beneath.  The  last  act  of  the  circulation,  as  regards 

the  heart-wood,  is  supposed  to  be  the  deposition  of  the  colouring 
matter ,  resin  or  gum,  through  the  agency  of  the  medullary 
rays  that  proceed  from  the  bark  towards  the  center,  and  leave 
their  contents  in  the  layer  outside  the  true  wood  perfected  the 

year  previous.  We  may  fairly  suppose  by  analogy,  that  as  one 
ring  is  added  each  year,  so  one  is  perfected  annually,  and  thrown 
out  of  the  circulatory  system. 

That  the  circulation  has  ceased  in  the  heart- wood,  and  that 
the  connexion  between  it  and  the  bark  has  become  broken, 

is  further  proved  by  the  fact,  that  numbers  of  trees  may  be 
found  in  tolerably  vigorous  growth  within  the  bark,  whereas  at 
the  heart  they  are  decayed  and  rotten.  In  fact  some  of  the 

hardest  foreign  woods,  as  king-wood,  tulip-wood,  and  others,  are 
rarely  sound  iu  the  center,  and  thus  indicate  very  clearly  that 

*  This  is  not  peculiar  to  the  tropical  woods ;  for  example,  some  of  the  yew-trees 
in  Hampton  Court  gardens,  appeal1  to  have  grown  in  this  manner  from  three  or 
four  separate  stems,  that  have  joined  into  one  at  a  short  distance  above  the  ground. 
AB  an  instance  of  the  singular  manner  in  which  the  separate  branches  of  trees 
thus  combine,  I  may  mention  that  stones,  pieces  of  metal,  and  other  substances, 

are  occasionally  met  with  in  the  central  parts  of  timber,  from  having  been 
accidentally  deposited  in  a  cleft,  or  the  fork  of  a  branch,  and  entirely  inclosed  or 
overgrown  by  the  subsequent  increase  of  the  plant. 
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their  decay  commenced  whilst  they  were  in  their  parent  - 
and  as  in  these,  the  appearance  of  annual  rings  is  scarcely  to  IMJ 

di-t  in-lushed,  this  also  appears  to  indicate  a  great  term  of  age, 
;igh  to  account  for  this  relatively  prrmatmv  decay. 

The  quantity  of  sap-wood  i*  various  in  dillerent  plants,  and 
the  line  of  division  is  usually  most  distinctly  marked;  in  some, 

as  boxwood,  the  sap-wood  is  very  inconsiderable,  and  together 

with  tlu-  hark  is  on  the  average  only  about  the  thickness  of  a 
stout  card,  whereas  in  others,  as  the  snake-wood,  it  constitutes 

fully  two-thirds  of  the  diameter,  so  that  a  large  tree  yields  but 
an  inconsiderable  stick  of  wood,  of  one  third  or  fourth  the 

aal  diann 

1 1  may  be  presumed  that  in  the  same  variety  of  wood,  about 
an  average  number  of  the  layers  exist  as  sap-wood,  as  in 
cutting  up  a  number  of  pieces  of  the  same  kind,  such  as  the 

black  Botany-Bay  wood,  and  others,  it  is  found  that  in  those 
measuring  about  two  inches  diameter,  the  piece  of  heart-wood 
is  only  about  as  large  as  the  finger,  but  in  pieces  one,  two,  or 

tli roc  inches  larger,  the  heart-wood  is  also  respectively  one,  two, 
or  three  inches  larger,  or  nearly  to  the  full  extent  of  the  increase 
of  the  diameter. 

The  sap-wood  may  be  therefore,  in  general,  considered  as  of 
about  an  average  thickness  in  each  kind  of  wood :  it  is  mostly 
softer,  lighter,  more  even  in  colour,  and  more  disposed  to  decay 

than  the  heart-wood,  which  prove  it  to  be  in  a  less  matured  or 
:nl  state,  whether  for  mechanical  or  chemical  purposes. 

At  the  time  the  tree  is  separated  from  its  root,  its  organic 
life  ceases,  and  then  commences  the  gradual  evaporation  of  the 
sap,  and  the  drying  and  contracting  of  the  tubes,  or  tisM 

pre\iously  distended  by  its  presence. 
The  woods  are  in  general  felled  during  the  cold  months,  when 

the  vegetative  powers  of  the  plant  are  nearly  dormant,  and  when 
they  are  the  most  free  from  sap;  but  none  of  the  woods  are  fit 
for  use  in  the  state  in  which  they  are  cut  down,  for  although  no 

distinct  circulation  is  going  on  within  the  heart-wood,  still  the 
capillary  vessels  keep  the  trees  continually  moist  throughout  their 

tanee,  in  which  state  they  should  not  be  employed. 

If  the  «,'iveu  or  wet  woods  are  placed  in  routined  situations, 
the   tree  or  plank,  first  becomes  stained  or  doatcd,  and  this 
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speedily  leads  to  its  decomposition  or  decay — effects  that  are 

averted  by  careful  drying  with  free  access  of  air. * 
Other  mischiefs  almost  as  fatal  as  decay  also  occur  to  unsea- 

soned woods ;  round  blocks  cut  out  of  the  entire  circular  stem 

of  green  wood,  or  the  same  pieces  divided  into  quarterings,  split 
in  the  direction  of  the  medullary  rays,  or  radially,  also  though 

less  frequently  upon  the  annual  rings.  Such  of  the  round  blocks 
as  consist  of  the  entire  section  contract  pretty  equally,  and 

nearly  retain  their  circular  form,  but  those  from  the  quarterings 
become  oval  from  their  unequal  shrinking. 

As  a  general  observation,  it  may  be  said  the  woods  do  not  alter 
in  any  material  degree  in  respect  to  length.  Boards  and  flat 

*  On  this  account  the  timbers  for  ships  are  usually  cut  out  to  their  shape  and 

dimensions  for  about  a  year  before  they  are  framed  together,  and  they  are  com- 
monly left  a  twelvemonth  longer  in  the  skeleton  state,  to  complete  the  seasoning ; 

as  in  that  condition  they  are  more  favourably  situated  as  regards  exposure  to  the 
air  than  when  they  are  closely  covered  in  with  the  planking. 

Mr.  Fincham  considers  that  the  destruction  of  timber  by  the  decay  commonly 

known  as  dry-rot,  cannot  occur  unless  air,  moisture,  and  heat,  are  all  present,  and 

that  the  entire  exclusion  of  any  of  the  three  stays  the  mischief.  By  way  of  expe- 
riment, he  bored  a  hole  in  one  of  the  timbers  of  an  old  ship  built  of  oak,  whose 

wood  was  at  the  time  perfectly  sound ;  the  admission  of  air,  the  third  element,  to 
the  central  part  of  the  wood,  (the  two  others  being  to  a  certain  degree  present,) 

caused  the  hole  to  be  filled  up  in  the  course  of  twenty-four  hours  with  mouldi- 
ness,  a  well-known  vegetation,  which  very  speedily  became  so  compact  a  fungus 
as  to  admit  of  being  withdrawn  like  a  stick.  He  considers  the  shakes  or  splits  in 
timber  to  predispose  it  to  decay  in  damp  and  confined  situations,  from  admitting 
the  air  in  the  same  manner. 

The  woods  differ  amazingly  in  their  resistance  to  decay ;  some  perish  in  one  or 
two  years,  whereas  others  are  very  durable,  and  even  preserve  their  fragrance 

•when  they  are  opened  after  many  years,  or  almost  centuries. 
Mr.  Q.  Loddiges  says,  the  oak  boxes,  for  the  plants  in  his  green-houses,  decay  in 

two  or  three  years,  whereas  he  has  found  those  of  teak  to  last  fully  six  or  seven 
times  as  long :  the  situation  is  one  of  severe  trial  for  the  wood. 

There  are  two  quarto  works  on  dry-rot;  the  one  by  Mr.  M'William,  1818;  the 

other  by  Mr.  John  Knowles,  Surveyor  of  Her  Majesty's  Navy,  1821. 
The  process  of  Kyanizing  is  intended  to  prevent  the  re-vegetation  of  timber, 

by  infusing  into  its  pores  an  antiseptic  salt :  the  corrosive  sublimate  is  generally 
employed,  other  metallic  salts  are  also  considered  to  be  applicable,  but  the 
general  utility  of  the  process,  especially  in  thick  timbers,  or  those  exposed  to 
much  wet,  is  still  unsettled  amongst  practical  men. 

Tho  Kyanizing  is  sometimes  done  in  open  tanks,  at  others,"(by  Timperley's  pro- 
cess, Hull  and  Selby  Railway.)  in  close  vessels  from  which  the  air  is  first  exhausted 

to  the  utmost,  and  the  fluid  is  then  admitted  under  a  pressure  of  about  100  pounds 

on  the  inch. — See  Minutes  of  Proceedings,  Inst.  Civ.  Eng.,  p.  83,  1841.  See  also 

note  H  in  Appendix  to  Vol.  II..  page  953,  in  which  Payne's  more  recent  prc- 
Hervative  process  is  described. 
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pieces  contract  however  in  »  idth,  they  warp  and  twist,  and  w 

they  arc  fitted  as  panels  into  loose  grooves,  tliey  "In  ink  away 
from  that  edge  which  happens  to  be  the  most  slightly  held  ;  but 
when  restrained  by  nails,  mortices  or  other  unyielding  attach- 

ments, which  do  not  allow  them  the  power  of  contraction,  they 

•iplitwith  irresistible  force,  and  the  materials  and  labour  thus 
improperly  employed  will  render  no  useful  service. 

In  general,  the  softest  woods  shrink  the  most  in  width,  but 

correct  observations  on  this  subject  have  been  published. 
Mr.  Fincham  considers  the  rock-elm  to  shrink  as  much  as  any 
wood,  namely,  about  half  an  inch  in  the  foot,  whereas  the  teak 

scarcely  shrinks  at  all;  iu  the  "Tortoise;"  store-ship,  when  fifty 
;  s  old,  no  openings  were  found  to  exist  between  the  boards. 

In  the  woods  that  have  been  partially  dried,  some  of  these 
effects  are  lessened  when  they  are  defended  by  paint  or  varnMi, 
but  they  do  not  then  cease,  and  with  dry  wood,  every  time  a 
new  surface  is  exposed  to  the  air,  even  should  the  work  have 

11  made  for  many  years,  these  perplexing  alterations  will  in  a 
degree  recommence,  even  independently  of  the  changes  of  the 
atmosphere,  the  fluctuations  of  which  the  woods  are  at  all  times 

too  freely  disposed  to  obey. 

The  disposition  to  shrink  and  warp  from  atmospheric  influ- 
ence, appears  indeed  to  be  never  entirely  subdued ;  some  bog- 

oak,  supposed  to  have  been  buried  iu  the  island  of  Sheppy,  not 
less  than  a  thousand  years,  was  dried  for  many  months,  and 
ultimately  made  into  chairs  and  furniture ;  it  was  still  found  to 
shrink  and  cast,  when  divided  into  the  small  pieces  required  for 
the  work. 

SECT.    II. — SEASONING    AND    PREPARING    THE    WOODS. 

II  \  \  i  \ > .  briefly  alluded  to  the  mischiefs  consequent  upon  the 
of  woods  in  an  improper  condition,  I  shall  proceed  to  describe 

the   general  modes  pursued  for  avoiding  such  mischiefs  by  a 

prnpcr  course  of  preparation. 
woods  immediately  after  being  felled,  are  somci 

immersed  in  running  water  for  a  few  days,  weeks,  or  mouths,  at 
other  times  they  are  boiled  or  steamed;  this  appears  to  be  done 
under  the  expectation  of  diluting  and  washing  out  the  sap,  after 

which  it  is  said  the  drying  is  more  rapidly  and  better  accom- 
plished, and  also  that  the  colours  of  the  white  woods  arc  im- 
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proved,  (see  article  HOLLY  in  Catalogue,  also  EBONY,)  but  the 
ordinary  course  is  simply  to  expose  the  logs  to  the  air,  the  effect 
of  which  is  assisted  by  the  preparation  of  the  wood  into  smaller 
pieces,  approaching  to  the  sizes  and  forms  in  which  they  will  be 
ultimately  used,  such  as  square  logs  and  beams,  planks  or  boards 
of  various  thicknesses,  short  lengths  or  quarterings,  &c. 

The  stems  and  branches  of  the  woods  of  our  own  country  ? 
such  as  alder,  birch,  and  beech,  that  are  used  by  the  turner, 
frequently  require  no  reduction  in  diameter ;  but  when  they  are 
beyond  the  size  of  the  work,  they  are  split  into  quarterings  and 
stacked  in  heaps  to  dry,  which  latter  proceeding  should  never 
be  forgotten  under  any  circumstances. 
We  know  but  little  of  the  early  treatment  of  the  foreign 

woods  used  for  cabinet-work  and  turning ;  some  few  of  them,  as 

mahogany  and  satin-wood,  are  imported  in  square  logs ;  others, 
as  rosewood,  ebony,  or  coromandel,  are  sometimes  shipped  in 
the  halves  of  trees,  or  in  thick  planks ;  but  the  generality  of 

those  used  for  turning  are  small,  and  do  not  require  this  reduc- 
tion ;  these  only  reach  us  in  billets,  sometimes  with  the  rind  or 

bark  upon  them,  and  sometimes  cleaned  or  trimmed. 
The  smaller  hard  woods  are  very  much  more  wasteful  than 

the  timber  woods;  in  many  of  the  former,  independently  of  their 
thick  bark,  the  section  is  very  far  from  circular,  as  they  are 

often  exceedingly  irregular,  indented,  and  ill-defined ;  others  are 
almost  constantly  unsound  in  their  growth,  and  either  present 
central  hollows  and  cavities,  or  cracks  and  radial  divisions,  which 

separate  the  stem  into  three  or  four  irregular  pieces. 
Probably  none  of  the  hard  woods  are  so  defective  as  the  black 

Botany-Bay  wood,  in  which  the  available  produce,  when  it  is 
trimmed  ready  for  the  lathe,  may  be  considered  to  be  about  one 
third  or  fourth  of  the  original  weight,  sometimes  still  less ;  but 
unfortunately  many  others  approach  too  nearly  to  this  condition, 
as  a  very  large  proportion  of  them  partake  of  the  imperfections 
referred  to,  more  especially  the  cracks;  the  larger  hard  woods 
are  by  comparison  much  less  wasteful. 

All  the  harder  woods  require  increased  care  in  the  seasoning, 
which  is  often  badly  begun  by  exposure  to  the  sun  or  hot  winds 
in  their  native  climates  :  their  greater  impenetrability  to  the  air 
the  more  disposes  them  to  crack,  and  their  comparative  scarcity 
and  expense,  are  also  powerful  arguments  on  the  score  of  pre- 
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I*  is  then-Ion-  desirable  to  prepare  them  for  the 

transition  from  the  yard  or  cellar  to  the  turning  room,  by 

remount  the  parts  \\hich  are  necessarily  wasted,  the  more 

intimately  to  expose  them  to  the  air,  some  time  before  they  are 

placed  in  the  house,  and  they  should  be  always  kept  away  from 

the  lire,  or  at  tiiM  in  a  room  altogether  without  one. 

usual  to  heu'in  by  cutting  the  logs  into  pieces  a  few  inches 
or  upwards  in  length,  to  the  general  size  of  the  work ;  and  if 
possible  to  prepare  every  piece  into  a  round  block,  or  into  two 
or  three,  \vhen  the  wood  is  irregular,  hollow,  or  cracked.  In 

the  latter  case,  a  thin  wedge  is  inserted  into  the  principal  crack, 
and  driven  down  with  a  wooden  maul;  or  a  cleaver  such  as 

Fig.  7. 

fig.  7,  which  has  a  sharp  edge,  and  a  pole  to  receive  the  blow,  is 
used  in  the  same  manner ;  these  tools,  or  the  hatchet,  are  like- 

wise used  in  splitting  up  the  English  woods,  when  they  are  beyond 

the  diameters  required.*  The  cleft  pieces  are  next  roughly 
trimmed  with  the  hatchet,  or  else  with  the  paring  knife,  (fig.  8 
over  leaf)  a  tool  of  safer  and  more  economical  application  in  the 
hands  of  the  amateur :  it  is  a  lever  knife,  from  two  and  a  half  to 

three  feet  long,  the  cutting  edge  is  near  that  end  which  termi- 
nates in  a  hook,  the  other  extremity  has  a  transverse  handle ;  an 

bolt  for  the  hook  to  act  against,  is  screwed  into  the  bench 
or  block,  and  a  detached  cutting  board  is  fixed  under  the  blade, 
to  serve  as  the  support  for  the  wood,  and  for  the  knife  to  cut 

upon.  To  avoid  waste  of  material,  it  is  advisable,  until  the  eye 
is  well  accustomed  to  the  work,  to  score  with  the  compasses  upon 
each  end  of  the  rough  block,  as  large  a  circle  as  it  will  allow,  to 
serve  as  a  guide  for  the  knife. 

The-  block,  represented  in  fig.  8,  is  adapted  to  the  bearers  of 
the  lathe,  but  any  other  support  will  serve  equally  well.  The 

paring-knife  is  also  employed  for  other  purposes  besides  those 
of  the  turner  :  it  is  sometimes  made  with  a  curved  edge  like  a 

•  Sometime*  the  glazier's  chipping  knife  is  used  for  small  piece*  of  wood  iuaU*d 
of  the  clearer  represented. — See  also  Appendix,  Note  I.,  page  953,  vol.  ii. 
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gouge,  and  is  used  in  many  shaping  operations  in  wood,  as  in 

the  manufacture  of  shoe -lasts,  clogs,  pattens,  and  toys.* 

In  the  absence  of  the  paring-knife  or  hatchet,  the  work  is  fixed 
in  the  vice,  and  rounded  with  a  coarse  rasp,  but  this  is  much  less 

expeditious ;  by  some  manufacturers  the  preparation  both  of  the 
foreign  and  English  woods  is  prosecuted  still  further,  by  cutting 
the  material  into  smaller  pieces,  rough  turned  and  hollowed  in 
the  lathe,  to  the  forms  of  boxes,  or  other  articles  for  which 

they  are  specifically  intended,  and  in  fact  every  measure  that 
tends  to  make  the  change  of  condition  gradual,  assists  also  in 

the  economy,  perfection,  and  permanence  of  the  work. 

Many  of  the  timber  woods  are  divided  at  the  saw-pit  into 
planks  or  boards,  at  an  early  stage,  in  order  to  multiply  the  sur- 

faces upon  which  the  air  may  act,  and  also  to  leave  a  less  distance 
for  its  penetration :  after  sawing,  they  should  never  be  allowed 
to  rest  in  contact,  as  the  partial  admission  of  the  air  often  causes 

stains  or  doating  :  but  they  are  placed  either  perpendicularly  or 

*  A  paring-knife  similar  to  the  above,  but  working  in  a  guide,  and  with  an  edge 
12  or  14  inches  long,  is  a  most  effective  instrument  in  the  hands  of  the  toy-makers. 
The  pieces  of  birch,  alder,  &c.  are  boiled  in  a  cauldron  for  about  an  hour  to  soften 
them,  and  whilst  hot  they  may  be  worked  with  great  expedition  and  perfection. 
The  workmen  pare  off  slices,  the  plankway  of  the  grain,  as  large  as  4  by  6  inches, 
almost  as  quickly  as  they  can  be  counted :  they  are  wedged  tight  in  rows,  like  books, 
to  cause  them  to  dry  flat  and  straight,  and  they  seldom  require  any  subsequent 
smoothing.  In  making  the  little  wheels  for  carts,  &c.,  say  of  one  or  two  inches 

diameter,  and  one-quarter  or  three-eighths  of  an  inch  thick,  they  cut  them  the  cross- 
way  of  the  grain,  out  of  cylinders  previously  turned  and  bored ;  the  flexibility  of 
the  hot  moist  wood  being  such,  that  it  yields  to  the  edge  of  the  knife  without 
breaking  transversely  as  might  be  expected. 
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.  outally  in   racks,  or  they  arc  more  commonly  stacked   in 

hori/ontal  pil»'s   with  parallel  slips  of  wood  placed  between  at 
inccs  from  about  three  to  six  or  eight  feet,  according  to  the 

quantity  of  support  required  ;  the.  pile  when  carefully  stacked 
forms  a  press  and  keeps  the  whole  flat  and  straight. 

Thin  pieces  will  be  sufficiently  seasoned  in  about  one  year's 
time,  hut  thick  wood  requires  two  or  three  years,  before  it  is 
thoroughly  fit  to  be  removed  to  the  warmer  temperature  of  the 

house  for  the  completion  of  the  drying.  Mahogany,  cedar, 
rosewood,  and  the  other  large  foreign  woods,  require  to  be 

fully  dried  after  they  are  cut  into  plank,  as  notwithstanding 
the  length  of  time  that  sometimes  intervenes  between  their 
being  felled  and  brought  into  use,  they  still  retain  much  of 

their  moisture  whilst  they  remain  in  the  log.* 
In  some  manufactories  the  wood  is  placed  for  a  few  days  before 

it  is  worked  up,  in  a  drying-room  heated  by  means  of  stoves, 
steam,  or  hot  water,  to  several  degrees  beyond  the  temperature 
to  which  the  finished  work  is  likely  to  be  subjected. 

Such  rooms  are  frequently  made  as  air- tight  as  possible,  which 
appears  to  be  a  mistake,  as  the  wood  is  then  surrounded  by  a 

:n  but  stagnant  atmosphere,  which  retains  whatever  moisture 
it  may  have  evaporated  from  the  wood.  Of  late  a  plan  has 

been  more  successfully  practised  in  seasoning  timber  for  build- 
ing purposes,  by  the  employment  of  heated  rooms  with  a  free 

circulation  of  air,  which  enters  at  the  lower  part  in  a  hot  and 
dry  state,  and  escapes  at  the  upper  charged  with  the  moisture 
which  it  freely  absorbs  in  the  heated  condition.  The  continual 
ingress  of  hot  dry  air,  greedy  of  moisture,  so  far  expedites  the 

drying,  that  it  is  accomplished  in  one-third  of  the  time  that  is 

•iired  in  the  ordinary  way  in  the  open  air.f 

*  Scientifically  considered,  the  drying  is  only  said  to  be  complete  when  the 
wood  ceases  to  lose  weight  from  evaporation ;  this  doe*  not  occur  after  twice  or 
thrice  the  period  usually  allowed  for  the  process  of  seasoning. 

In  many  modern  buildings  small  openings  are  left  through  the  walls  to  the 

external  air  to  allow  a  partial  circulation  amidst  the  beams  and  joists,  as  a  preser- 
vative from  decay,  and  for  the  entire  completion  of  the  seasoning, 

f  Price's  Patent 



CHAPTER  III. 

USEFUL  CHARACTERS  OF  WOODS. 

SECT.    I.   HARD    AND    SOFT    WOODS,    ETC. 

THE  relative  terms  hard  and  soft,  elastic  or  non-elastic,  and 

the  proportions  of  resins,  gums,  &c.,  as  applied  to  the  woods, 
appear  to  be  in  a  great  measure  explained  by  their  examination 
under  the  microscope,  which  develops  their  structure  in  a  very 
satisfactory  manner. 

The  fibres  of  the  various  woods  do  not  appear  to  differ  so 
materially  in  individual  size  or  bulk,  as  in  their  densities  and 
distances  :  those  of  the  soft  woods,  such  as  willow,  alder,  and 

deal,  appear  slight  and  loose;  they  are  placed  rather  wide 
asunder,  and  present  considerable  intervals  for  the  softer  and 
more  spongy  cellular  tissue  between  them ;  whereas  in  oak, 
mahogany,  ebony,  and  rosewood,  the  fibres  appear  rather 
smaller,  but  as  if  they  possessed  a  similar  quantity  of  matter, 
just  as  threads  containing  the  same  number  of  filaments  are 
larger  or  smaller  accordingly  as  they  are  spun.  The  fibres  are 
also  more  closely  arranged  in  the  harder  woods,  the  intervals 
between  them  are  necessarily  less,  and  the  whole  appears  a 
more  solid  and  compact  formation. 

The  very  different  tools  used  by  the  turner  for  the  soft  woods 

and  hard  woods  respectively,  may  have  assisted  in  fixing  these 
denominations  as  regards  his  art ;  a  division  that  is  less  specifi- 

cally entertained  by  the  joiner,  who  uses  the  same  tools  for  the 
hard  and  soft  woods,  excepting  a  trifling  difference  in  their  angles 
and  inclinations ;  whereas  the  turner  employs  for  the  soft  woods, 

tools  with  keen  edges  of  thirty  or  forty  degrees,  applied  obliquely, 
and  as  a  tangent  to  the  circle ;  and  for  the  hard  woods,  tools  of 

from  seventy  to  ninety  degrees  upon  the  edge,  applied  as  a 
radius,  and  parallel  with  the  fibres,  if  so  required.  The  tools 
last  described  answer  very  properly  for  the  dense  woods,  in  which 
the  fibres  are  close  and  well  united  ;  but  applied  to  the  softer 

kinds,  in  which  the  filaments  are  more  tender  and  less  firmly 
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.rd,  tin-  hanl-wood  tools  produce  rough,  torn,  and  tinliiu 

In  general  the  weight  or  specific  gravity  of  the  woods  may  be 
taken  as  a  sure  criterion  of  their  hardness;  for  instance,  the 

hard  liirnuin-vitu',  boxwood,  ironwood,  and  others,  are  mostly  so 
heavy  as  to  sink  in  water;  whereas  the  soft  firs,  poplar  and 
willow,  do  not  on  the  exceed  half  the  weight  of  water, 
and  other  woods  are  of  intermediate  kind.-.. 

The  density  or  weight  of  many  of  the  woods  may  be  increased 
by  their  mechanical  compression,  which  may  be  carried  to  the 
extent  of  fully  one  third  or  fourth  of  their  primary  bulk,  and 

tlu*  weight  and  hardness  obtain  a  corresponding  increase.  This 
has  been  practised  for  the  compression  of  tree-nails  for  ships,  by 
driving  the  pins  through  a  metal  ring  smaller  than  themselves 

directly  into  the  hole  in  the  ship's  side;t  at  other  times,  (for 
railway  purposes,)  the  woods  have  been  passed  through  rollers, 
but  this  practice  has  been  discontinued,  as  it  is  found  to 

spread  the  fibres  laterally,  and  to  tear  them  asunder  ;J  an 

injury  that  does  not  occur  when  they  are  forced  through  a  ring, 

which  condenses  the  wood  at  all  parts  alike,  without  any  dis- 
turbance of  its  fibrous  structure,  §  even  when  tested  by  the 

•  The  most  denao  wood  I  have  met  with  ia  in  Mr.  Fincham'a  collection ;  it  in  the 
Iron  Bark  wood  from  Now  South  Wales  :  in  appearance  it  resembles  a  close  hard 

mahogany, but  more  brown  than  red;  its  specific  gravity  ia  1*426, — its  strength, 
(compared  with  English  oak,  taken  as  usual  at  1*000,)  is  1*557.  On  the  other  hand 
the  lightest  of  the  true  woods  ia  probably  the  Cwtifa,  or  the  Anona  paluttrit,  from 

Brazil,  in  Mr.  Mier's  collection  ;  the  specific  gravity  of  this  is  only  0*200,  (whereat 
that  of  cork  ia  0*240,)  it  has  only  one-seventh  the  weight  of  the  Iron  Bark  wood. 
The  Cortlfu  resembles  ash  in  colour  and  grain,  except  that  it  is  paler,  finer,  and 

iiui< -h  r-'ftcr  ;  it  ia  used  by  the  natives  for  wooden  shoes,  4c. 
The  Pita  wood,  that  of  the  Fvurcroya  gigantca,  of  the  Brazils,  on  tndoytn  almost 

like  pith,  (used  by  the  fishermen  of  Rio  de  Janeiro,  as  a  alow  match,  for  lighting 
cigars,  4c.;  also  like  cork  for  lining  the  drawers  of  cabinets  for  insects,)  ami  the 
rice  paper  plant  of  India  and  China,  which  ia  still  lighter  and  more  pithy,  can 
hardly  be  taken  into  comparison. 

t  Mr.  Annersley's  Patent,  1821,  for  building  vessels  of  plauka  only,  without  ribs. 
J  Dublin  and  Kingston  Railway. 

{  The  mode  at  present  practised  by  the  Messrs.  Ranaome  of  Ipswich,  (under 
their  patent,)  ia  to  drive  the  pieces  of  oak  into  an  iron  ring  by  means  of  a  screw 

press,  and  to  expose  them  within  the  ring  to  a  temperature  of  about  180°  for  twelve 
or  sixteen  hours  before  forcing  them  out  again. 

The  tree-nails  may  be  thus  compressed  into  two-thirds  their  original  size,  and 
they  recover  three-fourths  of  the  compression  on  being  wetted ;  they  are  used  for 
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microscope ;  after  compression  the  wood  is  so  much  harder, 
that  it  cuts  very  differently,  and  the  pieces  almost  ring  when 
they  are  struck  together ;  fir  may  be  thus  compressed  into  a 

substance  as  close  as  pitch-pine. 
In  many  of  the  more  dense  woods,  we  also  find  an  abundance 

of  gum  or  resin,  which  fills  up  many  of  those  spaces  that  would 
be  otherwise  void  :  the  gum  not  only  makes  the  wood  so  much 

the  heavier,  but  at  the  same  time  it  appears  to  act  in  a  mecha- 
nical manner,  to  mingle  with  the  fibres  as  a  cement,  and  to 

unite  them  into  a  stronger  mass ;  for  example,  it  is  the  turpen- 
tine that  gives  to  the  outer  surface  of  the  annual  rings  of  the 

red  and  yellow  deals,  the  hard  horny  character,  and  increases  the 

elasticity  of  those  timbers.* 
Those  woods  which  are  the  more  completely  impregnated  with 

resin,  gum,  or  oil,  are  in  general  also  the  more  durable,  as  they 
are  better  defended  from  the  attacks  of  moisture  and  insects. 

Timbers  alternately  exposed  to  wet  and  dry,  are  thought  by 
Tredgold  and  others,  to  suffer  from  losing  every  time  a  certain 
portion  of  their  soluble  parts ;  if  so,  those  which  are  naturally 

impregnated  with  substances  insoluble  in  water  may,  in  conse- 
quence, give  out  little  or  none  of  their  component  parts  in  the 

change  from  wet  to  dry,  and  on  that  account  the  better  resist 
decay  :  this  has  been  artificially  imitated  by  forcing  oil,  tar,  &c., 
through  the  pores  of  the  wood  from  the  one  extremity.f 

Many  of  the  woods  are  very  durable  when  constantly  wet ; 
the  generality  are  so  when  always  dry,  although  but  few  are 
suited  to  withstand  the  continual  change  from  one  to  the  other 
state ;  but  these  particulars,  and  many  points  of  information 

respecting  timber-woods  that  concern  the  general  practice  of 
the  builder,  or  naval  architect,  such  as  their  specific  gravities, 

relative  strengths,  resistances  to  bending  and  compression,  and 

other  characters,  are  treated  of  in  Tredgold's  Elements  of 
Carpentry,  at  considerable  length.  J 

railway  purposes,  but  appear  equally  desirable  for  ship-building,  in  which  the  tree- 
nails fulfil  an  important  office,  and  in  either  case  their  after-expansion  fixes  them 

most  securely. — See  Minutes,  Inst  Civ.  Eng.,  1841,  p.  83-7. 

*  See  the  treatment  of  the  Firs  in  Norway,  article  FIRS,  in  Catalogue. 

t  The  durability  of  pitch  pine,  when  "wet  and  dry,"  is  however  questioned. 
£  The  work  contains  a  variety  of  the  most  useful  tables :  the  reader  will  likewise 

find  a  set  of  tables  of  similar  experiments  on  American  timbers,  by  Lieut.  Denison, 
Royal  Engineers,  F.RS.,  Ac.,  in  the  Trans.  Inst.  Civ.  Eng.,  vol.  ii.  p.  15,  and  also 



8KCT.    II. — ELASTIC    AND    NON-ELASTIC    WOODS. 

astic  woods  arc  those  in  \\lnrh  the  annual  or 

longitudinal  lihrcs  are  the  straijrhtesl,  and  the  least  interwoven 

with  tin-  nu •dulhiry  rays,  and  which  arc  the  least  interrupted  by 
tin-  presence  of  knots ;  such  woods  arc  al>o  the  most  easily  n 
and  the  plainest  in  li jju re,  as  the  lancewood,  hickory  and  ash ; 
\\heiva-  M)ds,  in  which  the  fibres  are  more  crossed  and 

interlaced,  are  considerably  tougher  and  more  rigid;  they  are 
also  less  disposed  to  split  in  a  straight  or  economical  manner,  as 

oak,  lurch  and  mahogany,  which,  although  moderately  clastic, 
do  not  bend  with  the  facility  of  those  before  named. 

Fi-hin^-rods,  unless  made  of  bamboo,  have  generally  ash  for 
the  lower  joint,  hickory  for  the  two  middle  pieces,  and  a  strip 

out  of  a  bamboo  of  three  or  four  inches  diameter  as  the  top 
joint.  Archery  bows  are  another  example  of  elastic  works  ;  the 

"  single-piece  bow"  is  made  of  one  rod  of  hickory,  lancewood,  or 
t  ree,  which  last,  if  perfectly  free  from  knots,  is  considered 

the  most  suitable  wood:  the  "  back  or  union  bow"  is  made  of 
two  or  sometimes  three  pieces  glued  together.  The  back-piece, 
or  that  furthest  from  the  string,  is  of  rectangular  section,  and 

always  of  lancewood  or  hickory ;  the  belly,  which  is  nearly  of 
semicircular  section,  is  made  of  any  hardwood  that  can  be 

obtained  straight  and  clean,  as  ruby-wood,  rose-wood,  green- 
heart,  king-wood,  snake-wood,  and  several  others :  it  is  in  a 
great  measure  a  matter  of  taste,  as  the  elasticity  is  principally 

due  to  the  back-piece;  the  palmyra  is  also  used  for  bows.* 
The  elasticity  or  rather  the  flexibility  of  the  woods,  is  greatly 

increased  for  the  time,  when  they  are  heated  by  steaming  or 
boiling;  the  process  is  continually  employed  for  bending  the  oak 

two  other  sets  of  experiments  on  Indian  timber  woods,  by  Captain  H.  C.  Baker, 

late  of  the  Bengal  Artillery,  superintendent  of  the  half-wrought  timber-yard,  Cal- 
cutta, at  pi>.  123  and  230  of  the  Gleanings  of  Science,  published  at  Calcutta,  1829. 

*  The  union  bow  is  considered  to  be  "  softer,"  that  is  more  agreeably  elastic 
than  the  single-piece  bow,  oven  when  the  two  require  the  same  weight  to  draw 
them  to  the  length  of  the  arrow.  In  the  act  of  bending  the  bow,  the  back  is  put 
into  tension,  and  the  inner  piece  into  a  state  of  compression,  and  each  wood  is  then 
employed  in  its  most  suitable  manner.  Sometimes  the  union  bow  is  imitated  by 

one  solid  piece  of  straight  cocoa-wood,  (of  the  West  Indies,  not  that  of  the  cocoa-nut 
palm,)  in  which  case  the  tough  fibrous  sap  is  used  for  the  back,  and  in  its  nature 

sufficiently  resembles  the  lance-wood  more  generally  used. 
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and  other  timbers  for  ship-building,  the  lance- wood  shafts  for 
carriages,  the  staves  of  casks,  and  various  other  works. 

The  woods  are  steamed  in  suitable  vessels,  and  are  screwed  or 

wedged,  at  short  intervals  throughout  their  length,  in  contact 
with  rigid  patterns  or  moulds,  and  whilst  under  this  restraint 

they  are  allowed  to  become  perfectly  cold ;  the  pieces  are  then 
released.  These  bent  works  suffer  very  little  departure  from 
the  forms  thus  given,  and  they  possess  the  great  advantage  of 

the  grain  being  parallel  with  the  curve,  which  adds  materially 
to  their  strength,  saves  much  cost  of  material  and  time  in  the 
preparation,  and  gives  in  fact  a  new  character  to  the  timber. 

The  inner  and  outer  plankings  of  ships  are  steamed  or  boiled 

before  they  are  applied ;  they  are  brought  into  contact  with  the 

ribs  by  temporary  screw-bolts  which  are  ultimately  replaced  by 
the  copper  bolts  inserted  through  the  three  thicknesses  and 

riveted  :  or  they  are  secured  by  oak  or  locust  tree-nails,  which 
are  caulked  at  each  end.* 

Boiling  and  steaming  are  likewise  employed  for  softening  the 
woods,  to  facilitate  the  cutting  as  well  as  bending  of  them.f 

When  the  two  sets  of  fibres  meet  in  confused  angular  direc- 

tions, they  produce  the  tough  cross-grained  woods,  such  as 

*  See  the  description  of  Mr.  William  Hookey's  apparatus  for  bending  ships' 
timbers,  rewarded  by  the  Society  of  Arts,  and  described  in  their  Trans.,  vol.  32,  p.  91. 

Preference  is  now  given  to  the  "  Steam  Kiln  "  over  the  "  Water  Kiln,"  and  the 
time  allowed  is  one  hour  for  every  inch  of  the  thickness  of  the  timber ;  it  loses 

much  extractive  matter  in  the  process,  which  is  never  attempted  a  second  time,  as 
the  wood  then  becomes  brittle. 

Colonel  G.  A.  Lloyd  devised  an  ingenious  and  economical  mode  of  bending  the 

timbers  to  constitute  the  ribs  of  a  teak-bridge  which  he  built  in  the  Mauritius. 
Every  rib  was  about  180  ft.  long,  and  of  8  ft.  rise,  and  consisted  of  five  thicknesses 
of  wood  of  various  lengths  and  widths.  The  wood  had  been  cut  down  about  a 

month ;  it  waa  well  steamed  and  brought  into  contact  with  a  strong  mould,  by 
means  of  an  iron  chain  attached  to  a  hook  at  the  one  extremity  of  the  mould  and 
passed  under  a  roller  fixed  at  the  other ;  the  chain  was  drawn  tight  by  a  powerful 

capstan.  Whilst  under  restraint  the  neighbouring  pieces  were  pinned  together  by 

tree-nails,  after  which  a  further  portion  of  the  rib  was  proceeded  with :  the  seasoning 
of  the  timber  waa  also  effected  by  the  process. 

f  Thus  in  Taylor's  Patent  Machinery  for  making  casks,  the  blocks  intended  for 
the  staves  are  cut  out  of  white  Canada  oak  to  the  size  of  thirty  inches  by  five,  and 
smaller.  They  are  well  steamed,  and  then  sliced  into  pieces  one-half  or  five-eighths 
inch  thick,  at  the  rate  of  200  in  each  minute,  by  a  process  far  more  rapid  and 
economical  than  sawing ;  the  instrument  being  a  revolving  iron  plate  of  12  or  14 
feet  diameter,  with  two  radial  knives,  arranged  somewhat  like  the  irons  of  an  ordi- 

nary plane  or  spokeehave. 
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lij,Mium-vit;e,  dm,  &c.,  and,  like  the  diagonal  braces  in  carpentry 
mid  shipping,  tlu-y  deprive  the  mass  of  elasticity,  and  dispose  it 
rather  to  break  than  to  bend,  especially  when  the  pieces  are  thin, 
and  the  fibres  crop  out  on  both  sides  of  the  same ;  the  confusion 

of  the  fibres  is,  at  the  same  time,  a  fertile  source  of  beauty  in 
appearance  to  most  woods. 

Klin  is  perhaps  the  toughest  of  the  European  woods ;  it  is  con- 

red  to  bear  the  driving  of  bolts  and  nails  better  than  any 
other,  and  it  is  on  this  account,  and  also  for  its  great  durability 
under  \vater,  constantly  employed  for  the  keels  of  ships,  for 

building,  and  a  variety  of  works  requiring  great  strength 
and  exposure  to  wet. 

A  similar  rigidity  is  also  found  to  exist  in  the  crooked  and 
knotted  limbs  of  trees  from  the  confusion  amongst  the  fibres, 
and  such  gnarled  pieces  of  timber,  especially  those  of  oak,  were 
in  former  days  particularly  valued  for  the  knees  of  ships :  of 

years  they  have  been  in  a  great  measure  superseded  by 
iron  knees,  which  can  be  more  accurately  and  effectively  moulded 
at  the  forge  to  suit  their  respective  places,  and  they  cause  a  very 

-aving  in  the  available  room  of  the  vessel. 
The  lignum-vitje  is  a  most  peculiar  wood,  as  its  fibres  seem 

arranged  in  moderately  thick  layers,  crossing  each  other  obliquely, 
often  at  as  great  an  angle  as  thirty  degrees  with  the  axis  of  the 
tree ;  when  the  wood  is  split,  it  almost  appears  as  if  the  one 

layer  of  annual  fibres  grew  after  the  manner  of  an  ordinary  screw, 
and  the  succeeding  layer  wound  the  other  way  so  as  to  cross 
them  like  a  left-hand  screw.  The  interlacement  of  the  fibres  in 

lijrnnm-vita:  is  so  rigid  and  decided,  although  irregular,  that  it 
exceeds  all  other  woods  in  resistance  to  splitting,  which  cannot 

be  effected  with  economy;  the  wood  is  consequently  always 
prepared  with  the  saw.  It  is  used  for  works  that  have  to  sustain 

great  pressure  and  rough  usage,  several  examples  of  which  are 

given  under  the  head  LIONUM-VIIM:,  in  the  Catalogue  already 
i  red  to. 



CHAPTER  IV. 

ORNAMENTAL  CHARACTERS  OF  WOODS. 

SECT    I.  —  FIBRE    OR    GRAIN,    KNOTS,    ETC. 

THE  ornamental  figure  or  grain  of  many  of  the  woods,  appears 
to  depend  as  much  or  more  upon  the  particular  directions  and 
mixings  of  the  fibres,  as  upon  their  differences  of  colour.  I  will 
first  consider  the  effect  of  the  fibre,  assisted  only  by  the  slight 
variation  of  tint,  observable  between  the  inner  and  outer  surfaces 

of  the  annual  layers,  and  the  lighter  or  more  silky  character  of 
the  medullary  rays. 

If  the  tree  consisted  of  a  series  of  truly  cylindrical  rings,  like 
the  tubes  of  a  telescope,  the  horizontal  section  would  exhibit 

circles ;  the  vertical,  parallel  straight  lines ;  and  the  oblique  sec- 
tion would  present  parts  of  ovals ;  but  nature  rarely  works  with 

such  formality,  and  but  few  trees  are  either  exactly  circular  or 
straight,  and  therefore  although  the  three  natural  sections  have 

a  general  disposition  to  the  figures  described,  every  little  bend 
and  twist  in  the  tree  disturbs  the  regularity  of  the  fibres,  and 
adds  to  the  variety  and  ornament  of  the  wood. 

The  horizontal  section,  or  that  parallel  with  the  earth,  only 
displays  the  annual  rings  and  medullary  rays,  as  in  fig.  1,  p.  14, 
and  this  division  of  the  wood  is  principally  employed  by  the 

turner,  as  it  is  particularly  appropriate  to  his  works,  the  strength 
and  shrinking  being  alike  at  all  parts  of  the  circumference,  in 
the  blocks  and  slices  cut  out  of  the  entire  tree,  and  tolerably  so 
in  those  works  turned  out  of  the  quarterings  or  parts  of  the 
transverse  pieces. 

But  as  the  cut  is  made  intermediate  between  the  horizontal 

line,  and  the  one  parallel  with  the  axis,  the  figure  gradually  slides 
into  that  of  the  ordinary  plank,  magnified  portions  of  which  are 
shown  in  figs.  2  and  3  :  and  these  are  almost  invariably  selected 
for  carpentry,  &c. 

The  oblique  slices  of  the  woods  possess  neither  the  uniformity 
of  grain  of  the  one  section,  nor  the  strength  of  the  other,  and  it 
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.!,!  hi-  likewise  a  most  wasteful   method  of  cutting  up 
timber;   it  is  therefore  only  resurte.l   to  for  thin  veneers,  when 
•omc  particular  figure  or  arrangement  of  the  fibres  has  to  be 

tuetl  for  the  purposes  of  ornamental  cabinet-work. 
The  perpendicular  cut  through  the  heart   of  the  tree  is  not 

ui.lv  the  hardot  hut  the  most  diver. sfied,  because  therein  occurs 

tin-  L'ivate-t  mixture  and  variety  of  the  fibres,  the  first  and  the 
hidi,  in  point  of  age,  are  then  presented  in  the  same 

plank  ;  but  of  course  the-  density  and  diversity  lessen  as  the  board 
ct  further  away   from  the  axis.     In  general  the  radial  cut  is 

also  more  ornamental  than  the  tangenta),  as  in  the  former  the 

nllary  rays  produce  the  principal  effect,  because  they  are 
then  displayed  in  broader  masses,  and  are  considered  to  contain 

i  eater  proportion  of  the  colouring  matter  of  the  wood. 

The  section  through  the  heart  displays  likewise  the  origin  of 
most  of  the  branches,  which  arise  first  as  knots,  in  or  near  the 

central  pith,  and  then  work  outwards  in  directions  corresponding 

with  the  arms  of  the  trees,  some  of  which,  as  in  the  cypress  and 
.  grow  out  nearly  horizontally,  and  others,  as  in  the  poplar, 

shoot  up  almost  perpendicularly. 
Those  parts  of  wood  described  as  curls,  arc  the  result  of  the 

:  i»ed  lilliiiL'in  of  the  space  between  the  forks,  or  the  springings 

of  the  branches.     Fig.  9  represents  the  section  of  a  piece  of 
.   which  shows  remarkably   well   the   direction  of  the 

,  A   I'.,  th<    origin  <>f  the   braiK-h   C,  and   likewise   thr 
Bl 
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formation  of  the  curl  between  B  and  C  ;  fig.  10  is  the  end  view 

of  the  stem  at  A.  In  many  woods,  mahogany  especially,  the 

curls  are  particularly  large,  handsome  and  variegated,  and  are 

generally  produced  as  explained. 

It  would  appear  as  if  the  germs  of  the  primary  branches 

were  set  at  a  very  early  period  of  the  growth  of  the  central 

stem,  and  gave  rise  to  the  knots,  many  of  which  however  fail  to 

penetrate  to  the  exterior  so  as  to  produce  branches,  but  ai 

covered  over  by  the  more  vigorous  deposition  of  the  annual  rings 

All  these  knots  and  branches,  act  as  so  many  disturbances  anc 

interruptions  to  the  uniformity  of  the  principal  zones  of  fibre 

which  appear  to  divide  to  make  way  for  the  passage  of  the 

off-shoots,  each  of  which  possesses  in  its  axis  a  filament  of  tl 

pith,  so  that  the  branch  resembles  the  general  trunk  in  all 

respects,  except  in  bulk,  and  again  from  the  principal  branches 
smaller  ones  continually  arise,  ending  at  last  in  the  most  minute 

twigs,  each  of  which  is  distinctly  continuous  with  the  central 
pith  of  the  main  stem,  and  fulfils  its  individual  share  in  causing 
the  diversity  of  figure  in  the  wood. 

The  knots  are  commonly  harder  than  the  general  substance, 
and  that  more  particularly  in  the  softer  woods  ;  the  knots  of  the 

deals,  for  example,  begin  near  the  axis  of  the  tree,  and  at  first 
show  the  mingling  of  the  general  fibres  with  those  of  the  knot, 
much  the  same  as  in  the  origin  of  the  branch  of  the  yew  in  fig.  9, 
but  after  a  little  while  it  appears  as  if  the  branch,  from  elongating 
so  much  more  rapidly  than  the  deposition  of  the  annual  rings 
upon  the  main  stem,  soon  shot  through  and  became  entirely 
detached,  and  the  future  rings  of  the  trunk  were  bent  and 
turned  slightly  aside  when  they  encountered  the  knot,  but 
without  uniting  with  it  in  any  respect. 

This  may  explain  why  the  smooth  cylindrical  knots  of  the 
outer  boards  of  white  deal,  pine,  &c.,  so  frequently  drop  out 

when  exposed  on  both  sides  in  thin  boards  ;  whereas  the  tur- 
pentine in  the  red  and  yellow  deals  may  serve  the  part  of  a 

cement,  and  retain  these  kinds  the  more  firmly. 
The  elliptical  form  of  the  knots  in  the  plank,  is  mostly  due  to 

the  oblique  direction  in  which  they  are  cut,  and  their  hardness, 
(equal  to  that  of  many  of  the  tropical  hard  woods,)  to  the  close 

grouping  of  the  annual  rings  and  fibres  of  which  they  are  them- 
selves composed.  These  are  compressed  by  the  surrounding  wood 
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of  tlu-  parent  stem,  at  the  time  of  deposition  ;  whereas  the  princi- 

pal layers  of  the  stem  til'the  tree  are  opposed  alone  by  the  loosened 
and  yielding  bark,  and  only  obtain  the  ordinary  density. 

The  knots  of  large  trees  are  sometimes  of  considerable  size, 

1  h:i\r  portions  of  one  of  those  of  the  Norfolk  Island  pine, 
,  :truria  exceba,)  which  attained  the  enormous  size  of  about 

four  feet  long,  and  four  to  six  inches  diameter.  In  substance  it 

is  thoroughly  compact  and  solid,  of  a  semi-transparent  ha/i  I- 
lm>\vn,  and  it  may  be  cut  almost  as  well  as  ivory,  and  with 
the  same  tools,  either  into  screws,  or  with  eccentric  or  drilled 

work,  &c. ;  it  is  an  exceedingly  appropriate  material  for  orna- 

mental turning.41 

It  is  by  some  supposed  that  the  root  of  a  tree  is  divided  into 
about  as  many  parts  or  subdivisions  as  there  are  branches,  and, 

that  speaking  generally,  the  roots  spread  around  the  trunk 
under  ground,  to  about  the  same  distance  as  the  branches  wave 

above ;  the  little  germs  or  knots  from  which  they  proceed  being 
in  the  one  case  distributed  throughout  the  length  of  the  stem  of 

the  tree,  and  in  the  other  crowded  together  in  the  shorter 
portion  buried  in  the  earth. 

If  this  be  true,  we  have  a  sufficient  reason  for  the  beautiful 

but  gnarled  character  of  the  roots  of  trees  when  they  arc  cut  up 

for  the  arts  ;  many  a  block  of  the  root  of  the  walnut-tree,  thus 
made  up  of  small  knots  and  curls,  and  that  was  first  intended 

for  the  stock  of  a  fowling-piece,  has  been  cut  into  veneers  and 
arranged  in  angular  pieces  to  form  the  circular  picture  of  a  table, 
and  few  pictures  of  this  natural  kind  will  be  found  more  beautiful. 

The  roots  of  many  trees  also  display  very  pretty  markings ;  some 
are  cut  into  veneers,  and  those  of  the  olive-tree,  and  others,  are 

much  used  on  the  Continent  for  making  snuff-boxes. 
The  tops  of  the  pollard  trees,  such  as  the  red  oak,  elm,  ash,  and 

oth<  i  trees,  owe  their  beauty  to  a  similar  crowding  together  of  the 
little  germs,  whence  have  originated  the  numerous  shoots  which 

proceeded  from  them  after  they  had  been  lopped.  The  burrs  or 
i  escences  of  the  yew,  and  some  other  trees,  appear  to  arise 

from  a  similar  cause,  apparently  the  unsuccessful  attempts  at  the 

*  I  am  indebted  to  Maj.  Brown  for  my  specimen*  of  this  knot,  and  the  infonna- 
1 1.  .11  concerning  it ;  a  part  of  a  knot  of  the  same  species,  with  some  of  the  surround- 

ing wood,  is  in  the  model  room  of  the  Admiralty.  Somerset  House. 
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formation  of  branches  from  one  individual  spot,  from  this  may 
arise  those  bosses  or  wens,  which  almost  appear  as  the  result  of 

disease,  and  exhibit  internally  crowds  of  knots,  with  fibres  sur- 
rounding them  in  the  most  fantastic  shapes.  Sometimes  the 

burrs  occur  of  immense  size,  so  as  to  yield  a  large  and  thick  slab 

of  highly  ornamental  wood  of  most  confused  and  irregular 
growth :  such  pieces  are  highly  prized,  and  are  cut  into  thin 
veneers  to  be  used  in  cabinet-work. 

It  appears  extremely  clear  likewise,  that  the  beautiful  East 
Indian  wood,  called  both  Kiabooca  and  Amboyna,  is,  in  like 

manner,  the  excrescence  of  a  large  timber  tree.  Its  character 

is  very  similar  to  the  burr  of  the  yew-tree,  but  its  knots  are  com- 
monly smaller,  closer,  and  the  grain  or  fibre  is  more  silky.  The 

Kiabooca  has  also  been  supposed  to  be  cut  from  around  the 

base  of  the  cocoa-nut  palm,  a  surmise  that  is  hardly  to  be  main- 
tained although  the  latter  may  resemble  it,  as  the  Kiabooca  is 

imported  alone  from  the  East  Indies,  whereas  the  cocoat-nut 
palm  is  common  and  abundant  both  in  the  eastern  and  western 

hemispheres."  (See  KIABOOCA  in  the  Catalogue.) 
The  bird's-eye  maple  shows  in  the  finished  work  the  peculiar 

appearance  of  small  dots  or  ridges,  or  of  little  conical  projections 
with  a  small  hollow  in  the  centre,  (to  compare  the  trivial  with 
the  grand,  like  the  summits  of  mountains,  or  the  craters  of 

volcanoes,)  but  without  any  resemblance  to  knots,  which  are 
the  apparent  cause  of  ornament  in  woods  of  somewhat  similar 
character,  as  the  burrs  of  the  yew  and  kiabooca,  and  the 
Russian  maple  (or  birch  tree) :  this  led  me  to  seek  a  different 
cause  for  its  formation. 

On  examination,  I  found  the  stem  of  the  American  bird's-eye 
maple,  stripped  of  its  bark,  presented  little  pits  or  hollows 
of  irregular  form,  some  as  if  made  with  a  conical  punch,  others 

ill-defined  and  flattened  like  the  impression  of  a  hob-nail;  sus- 
pecting these  indentations  to  arise  from  internal  spines  or  points 

in  the  bark,  a  piece  of  the  latter  was  stripped  off  from  another 
block,  when  the  surmise  was  verified  by  their  appearance.  The 

*  I  have  a  beautiful  specimen  of  a  Burr,  found  occasionally  upon  the  teak,  which 
is  fully  equal  in  beauty  to  the  Amboyna,  but  a  smaller  figure ;  I  owe  it  to  the 
kindness  of  Dr.  Horsfield  of  the  India-House. 

Mr.  G.  Loddiges  considers  the  burrs  may  occur  upon  almost  all  old  trees,  and 

that  they  result  from  the  last  attempt  of  the  plant  to  maintain  life,  by  the  repura- 
:  any  injury  it  may  have  received. 
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vcn  of  the  wood  being  moulded  upon  these  spines,  each  of 

eir  fibres  is  abruptly  curved  at  the  respect  i\e  places,  and 

len  cut  through  by  tin-  plane,  they  ̂ ive,  in  the  tangental  slice, 

tin-  ap| .  of  projection-,  the  same  as  in  some  rose-engine 
patterns,  and  the  mon-  ivccut  medallic  glyptographic  or  stereo- 
graphic  engravings,  in  which  the  closer  approximation  of  the 
lines  at  their  curvatures,  causes  those  parts  to  be  more  black,  (or 

>hadcd,)  and  produces  upon  the  plane  surfaces,  the  appearances 
of  v,  aves  and  ridges,  or  of  the  subject  of  the  medal. 

The-  short  lines  observed  throughout  the  maple  wood,  between 
the  dots  or  eyes,  arc  the  edges  of  the  medullary  rays,  and  the 
same  piece  of  wood  when  examined  upon  the  radial  section, 

exhibits  the  ordinary  silver  grain,  such  as  we  find  in  the  syca- 
more, (to  which  family  the  maple  tree  belongs,)  with  a  very 

few  of  the  dots,  and  those  displayed  in  a  far  less  ornamental 
Banner. 

Tin-  piece  examined  measured  eight  inches  wide,  and  five  and 
a  half  inches  radially,  and  was  apparently  the  produce  of  a  tree 
of  about  sixteen  inches  diameter ;  the  effect  of  the  internal  spines 

of  the  bark  was  observable  entirely  across  the  same,  that  is 
through  each  of  the  130  zones  of  which  it  consisted.  The 
curvature  of  the  fibres  was  in  general  rather  greater  towards  the 

center,  which  is  to  be  accounted  for  by  the  successive  annual 
depositions  upon  the  bark,  detracting  in  a  small  degree  from  the 
height  or  magnitude  of  the  spines  within  the  same,  upon  which 
the  several  deposits  of  wood  were  formed.  Other  woods  also 

exhibit  spines,  which  may  be  intended  for  the  better  attach- 
ment of  the  bark  to  the  stem,  but  from  their  comparative 

minuteness,  they  produce  no  such  effect  on  the  wood  as  that 

which  exists,  I  believe  exclusively,  in  the  bird's-eye  maple. 
This  led  me  to  conclude,  that  in  woods  the  figures  of  which 

resemble  the  undulations,  or  the  ripple  marks  on  the  sands,  that 

jiiently  occur  in  satin-wood  and  sycamore,  less  frequently  in 
box-wood,  and  also  in  mahogany,  ash,  elm,  and  other  woods,  to 
be  due  to  a  cause  explained  by  fig.  11,  namely  a  serpentine  or 

lfoche  form  in  the  grain  :  and  on  inspection,  the  fibres  of  all 
such  pieces  will  be  found  to  be  wavy,  on  the  face,  at  right  angles 
to  that  on   \\hieh  the  ripple  is  observed,  if  not  on  both  faces. 
Tho-e   part-  of  the   wood  which  happen  to  receive  the  light, 
appear  the  •  i  form  the  a>ecnding  sides  of  the  ri; 
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just  as  some  of  the  medallic  engravings  appear  in  cameo  or 

in  intaglio,  according  to  the  direction  in  which  the  light  falls 

upon  them. 

Fig.  11. 

The  woods  possessing  this  wavy  character,  generally  split  with 
an  undulating  fracture,  the  ridges  being  commonly  at  right  angles 

to  the  axis  of  the  tree,  or  square  across  the  board ;  but  in  a  speci- 
men of  an  Indian  red  wood,  the  native  name  of  which  is  Caliatour, 

the  ridges  are  inclined  at  a  considerable  angle,  presenting  a  very 

peculiar  appearance,  seen  as  usual  on  the  polished  surface.* 

In  those  woods  which  possess  in  abundance  the  septa  or  silver 

grain,  described  by  the  botanist  as  the  medullary  plates  or  rays, 
the  representations  of  which  as  regards  the  beech  tree  are  given 

in  fig.  3,  p.  14,  another  source  of  ornament  exists ;  namely,  a 
peculiar  damask  or  dappled  effect,  somewhat  analogous  to  that 
artificially  produced  on  damask  linens,  moreens,  silks,  and 
other  fabrics,  the  patterns  on  which  result  from  certain  masses 

of  the  threads  on  the  face  of  the  cloth  running  lengthways,  and 

other  groups  crossways.  This  effect  is  observable  in  a  remark- 
able degree  in  the  more  central  planks  of  oak,  especialty  the 

light-coloured  wood  from  Norway,  and  the  neighbourhood  of  the 
Rhine,  called  wainscot  and  Dutch  oak,  &c.,  and  also  in  many 
other  woods,  although  in  a  less  degree. 

In  the  oak  plank,  the  principal  streaks  or  lines  are  the  edges 
of  the  annual  rings,  which  show,  as  usual,  parallel  lines  more  or 

less  waved  from  the  curvature  of  the  tree,  or  the  neighbouring 
knots  and  branches  ;  and  the  damask  pencillings,  or  broad  curly 
veins  and  stripes,  are  caused  by  groups  of  the  medullary  rays  or 
sejtta,  which  undulate  in  layers  from  the  margin  to  the  center 
of  the  tree,  and  creep  in  betwixt  the  longitudinal  fibres,  above 

some  of  them  and  below  others.  The  plane  of  the  joiner,  here 
and  there,  intersects  portions  of  these  groups,  exactly  on  a  level 

Dr.  Royle  favoured  me  with  this  curious  specimen. 
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with  th«  ;il  surface,  whereas  their  recent  companions  are 

•ly  removed  in  shavings,  and  the  remainder  dip  beneath  the 
edges  of  the  annual  rin^s,  which  break  their  continuity  ;  this 

will  be  seen  when  the  septa  are  purposely  cut  through  by  the 

joiner's  plane. 
Upon  inspecting  the  ends  of  the  most  handsome  and  showy 

pieces  of  wainscot  oak  and  similar  woods,  it  will  be  found  that 

the  sui-face  of  the  board  is  only  at  a  small  angle  with  the  lines  of 

the  medullary  rays,  so  that  many  of  the  latter  "  crop  out  "  upon 
the  surface  of  the  work  :  the  medullary  plates  being  seldom  flat, 
their  edges  assume  all  kinds  of  curvatures  and  elongations  from 
their  oblique  intersections.  All  these  peculiarities  of  the  grain 
have  to  be  taken  into  account  in  cutting  up  woods,  when  the 

roost  showy  character  is  a  matter  of  consideration. 
The  same  circumstances  occur  in  a  less  degree  in  all  the 

woods  containing  the  silver  grain,  as  the  oriental  plane-tree,  or 
lace-wood,  sycamore,  beech,  and  many  others,  but  the  figures 
become  gradually  smaller ;  until  at  last,  in  some  of  the  foreign 
hard  woods,  they  are  only  distinguishable  on  close  inspection 
under  the  magnifier.  Some  of  the  foreign  hard  woods  show 

lines  very  nearly  parallel,  and  at  right  angles  to  the  axis  of  the 
tree,  as  if  they  were  chatters  or  utters  arising  from  the  vibration 

of  the  plane-iron.  The  medullary  rays  cause  much  of  the 
beauty  in  all  the  showy  woods,  notwithstanding  that  the  rays 

may  be  less  defined  than  in  the  woods  cited.* 
In  many  of  the  handsomely  figured  woods,  some  of  the 

effects  attributed  to  colour  would,  as  in  damask,  be  more 

properly  called  those  of  light  and  shade,  as  they  \ary  with  the 
point  of  view  selected  for  the  moment.  The  end  grain  of 

mahogany,  the  surfaces  of  the  table-cloth,  and  of  the  mother- 

of-pearl  shell,  are  respectively  of  nearly  uniform  colour,  but  the 
figures  of  the  wood  and  the  damask,  arise  from  the  various 

ways  in  which  they  reflect  the  li^ht. 
Had  the  fibres  of  all  these  substances  been  arranged  with  the 

uniformity  and  exactitude  of  a  piece  of  plain  cloth,  they  would 
have  shown  an  even  uninterrupted  colour,  but  fortunately  for 

•  The  Cmicatm  braneo,  from  Carvalho  da  Terra,  Bnudls,  and  OtUieaem  trrmo, 
brought  over  by  Mr.  Morney,  (Admiralty  Museum,)  show  the  silver  grain  very 

y ;  the  first  in  peculiar  straight  radial  stripes,  the  other  in  small  close  patches. 
nera-rrm,  (Kniyhiia  fjrttba,)  from  New  Zealand,  is  of  bimilar  kind  :  all  would 

be  found  handsome  light-coloured  furniture  woods. 
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the  beautiful  and  picturesque  such  is  not  the  case  ;  most  fibres 
are  arranged  by  nature  in  irregular  curved  lines,  and  therefore 

almost  every  intersection  through  them,  by  the  hand  of  man, 
partially  removes  some  and  exposes  others,  with  boundless 
variety  of  figure. 

If  further  proof  were  wanted,  that  it  is  only  the  irregular 
arrangement  that  causes  the  damask  or  variegated  effect,  I  might 
observe  that  the  plain  and  uniform  silk,  when  passed  in  two 
thicknesses  face  to  face,  between  smooth  rollers,  comes  out 

with  the  watered  pattern ;  the  respective  fibres  mutually  emboss 
each  other,  and  with  the  loss  of  their  former  regular  character 

they  cease  to  reflect  the  uniform  tint." 
To  so  boundless  an  extent  do  the  interferences  of  tints,  fibres, 

curls,  knots,  &c.,  exist,  that  the  cabinet-maker  scarcely  seeks  to 
match  any  pieces  of  ornamental  wood  for  the  object  he  may  be 
constructing.  He  covers  the  nest  of  drawers,  or  the  table,  with 
the  neighbouring  veneers  from  the  same  block,  the  proximity  of 
the  sections  causing  but  a  gradual  and  unobserved  difference  in 
the  respective  portions ;  as  it  would  be  in  vain  to  attempt  to 
find  two  different  pieces  of  handsomely  figured  wood  exactly 
alike. 

SECT.  II.   VARIATIONS    OF    COLOUR. 

THE  figures  of  the  woods  depend  also  upon  the  colour  as 
well  as  on  the  fibre ;  in  some  the  tint  is  nearly  uniform,  but 
others  partake  of  several  shades  of  the  same  hue,  or  of  tsvo  or 

three  different  colours,  when  a  still  greater  change  in  their 
appearance  results. 

In  the  horizontal  sections  of  such  woods,  the  stripes  wind 
partly  round  the  center  as  if  the  tree  had  clothed  itself  at 

different  parts  with  coats  of  varied  colours  with  something  like 

caprice :  tulip-wood,  king-wood,  zebra-wood,  rose-wood,  and 
many  others,  show  this  very  distinctly;  and  in  the  ordinary 
plank  these  markings  get  drawn  out  into  stripes,  bands  and 

•  The  brilliant  prismatic  colours  of  the  pearl  are  attributed  to  the  decomposition 
and  reflection  of  the  light  by  the  numerous  minute  grooves  or  striae,  a  more  vivid 
effect  of  the  same  general  kind. 

A  beautiful  artificial  example  of  the  same  description  was  produced  by  Sir  John 
Barton,  then  comptroller  of  the  Royal  Mint ;  he  engraved  with  the  diamond,  the 

surfaces  of  hard  steel  dies  in  lines  as  fine  as  2000  in  the  inch,  arranged  in  hexagons, 
&c.  The  gold  buttons  struck  from  these  dies  display  the  brilliant  play  of  iridescent 
colours  of  the  oriir. 
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patches  and  show  mottled,  dappled,  or  wavy  figure*  of  the 
moat  beautiful  or  grotesque  characters,  upon  which  it  would  he 

needless  to  enlarge,  as  a  glance  at  the  display  of  the  upholsterer 
will  convey  more  information  than  any  description,  even  when 
assisted  by  coloured  figures. 

Those  woods  which  are  variegated  both  in  grain  and  colour, 

•uch  as  Amboyna,  king-wood,  some  mahogany,  maple,  partridge, 
rose-wood,  satin-wood,  snake-wood,  tulip-\vooil,  zebra-wood,  and 
others,  are  more  generally  employed  for  objects  with  smooth 
surfaces,  such  as  cabinet-work  aid  turned  ornaments,  as 

beauties  of  their  colours  and  figures  are  thereby  the  best 

displayed.  I1' very  little  detail  in  the  object  causes  a  diversion  in 
the  forms  of  the  stripes  and  marks  existing  in  the  wood:  these 

terminate  abruptly  round  the  mouldings  which  have  sharp  edges, 
and  upon  the  flowing  lines  they  arc  undulated  with  infinite 

ty  into  curves  of  all  kinds,  which  often  terminate  in  fringes 
from  the  accidental  intersections  of  the  stripes  in  the  woods. 

The  elegant  works  in  marquetry,  in  which  the  effect  of  flowers, 
ornamental  devices,  or  pictures,  is  attempted  by  the  combination 
of  pieces  of  naturally  coloured  woods,  are  invariably  applied  to 
smooth  surfaces.  In  the  same  manner  the  beautifully  tesselated 
wood  floors,  abundant  in  the  buildings  of  one  or  two  centuries 
back,  which  exhibit  geometrical  combinations  of  the  various 

ornamental  woods,  (an  art  that  has  been  recently  pursued 
in  miniature  by  the  Tunbridge  turners  in  their  Mosaic  works,) 
are  other  instances,  that  in  such  cases  the  plain  smooth  surface 

is  the  most  appropriate  to  display  the  effect  and  variety  of  the 
colours,  for  such  of  the  last  works  as  are  turned  into  mouldings 
fail  to  give  us  the  same  pleasure. 

•i-tinted  woods  are  best  suited  to  the  work  of  the  ecc 
chuck,   the  revohing  cutters,  and  other  instruments  to  be 
plained ;  in  which  works,  the  carviny  is  the  principal  source  of 
ornament  :  the  variation  of  the  wood,  in  grain  or  colour,  when 

it  occurs,  together  with  the  cutting  of  the  surface,  is  rather  a 
source  of  confusion  than  otherwise,  :.i i.l  pre\  cuts  the  ctleet  O 

*  Attempts  hare  been  made  to  stain  some  of  our  European  wood*  during  • 
growth,  by  inserting  certain  portions  of  their  roots  in  vessel*  filled  with  colouring 

matter*,  but  I  am  not  aware  with  what  success.  It  is  not  however  to  be  expected, 

that  such  a  mode  would  be  either  so  effective  or  permanent,  as  that  produced  by 

the  natural  absorption  during  the  entire  period  of  the  life  of  the  plant,  an 

•  i  ment  of  too  lengthened  and  speculative  a  character  to  be  readily  undertaken. 
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of  the  material,  or  of  the  work  executed  upon  it,  from  being 
thoroughly  appreciated. 

The  transverse  section,  or  end  grain  of  the  plain  woods,  is 

the  most  proper  for  eccentric  turning,  as  all  the  fibres  are  then 
under  the  same  circumstances;  many  of  the  woods  will  not 
admit  of  being  worked  with  such  patterns,  the  plankway  of  the 

grain :  and  of  all  the  woods  the  Black  Botany-Bay  wood,  or  the 
black  African  wood,  by  which  name  soever  it  may  be  called,  is 
most  certainly  the  best  for  eccentric  turning ;  next  to  it,  and 

nearly  its  equal,  is  the  cocoa-wood  (from  the  West  Indies,  not 
the  cocoa-nut  palm) ;  several  others  may  also  be  used,  but  the 
choice  should  always  fall  on  those  which  are  of  uniform  tint, 

and  sufficiently  hard  and  close  to  receive  a  polished  surface  from 
the  tool,  as  such  works  admit  of  no  subsequent  improvement. 

Contrary  to  the  rule  that  holds  good  with  regard  to  most  sub- 
stances, the  colours  of  the  generality  of  the  woods  become  con- 

siderably darker  by  exposure  to  the  light ;  tulip-wood  is,  I  believe, 
the  only  one  that  fades.  The  tints  are  also  rendered  considerably 
darker  from  being  covered  with  oil  or  lacker,  and  although  the 
latter  checks  their  assuming  the  deepest  hues,  it  does  not  entirely 

prevent  the  subsequent  change.  The  yellow  colour  of  the  ordi- 
nary varnishes  greatly  interferes  also  with  the  tints  of  the 

light  woods,  for  which  the  whitest  possible  kinds  should  be 

selected.^  When  it  is  required  to  give  to  wood  that  has  been 
recently  worked,  the  appearance  of  that  which  has  become 
dark  from  age,  as  in  repairing  any  accident  in  furniture,  it  is 
generally  effected  by  washing  it  with  lime  water ;  or  in  extreme 

cases,  by  laying  on  the  lime  as  water-colour,  and  allowing  it  to 
remain  for  a  few  minutes,  hours,  or  days,  according  to  circum- 

stances. In  many  cases  the  colours  of  the  woods  are  heightened 

or  modified,  by  applying  colouring  matters  either  before  or  with 

the  varnish ;  and  in  this  manner  handsome  birch-wood  is  some- 

times converted  into  factitious  mahogany,  by  a  process  of  colour- 
ing rather  than  dyeing,  that  often  escapes  detection. 

The  bog-oak  is  by  some  considered  to  assume  its  black  colour 
from  the  small  portion  of  iron  contained  in  the  bog  or  moss, 

*  Specimens  of  woods  for  cabinets  should  be  left  iu  their  natural  state,  or  at  most 
they  should  be  polished  by  friction  only  ;  or  if  varnished,  then  upon  the  one  side 
alone.  Their  colours  are  best  preserved  when  they  are  excluded  from  the  light, 

cither  in  di-awers  or  in  glass  cases,  covered  with  some  thick  blind. 
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combining  with  the  gallic  acid  of  the  wood,  and  forming  a  natural 
stain,  similar  to  writing  ink.  Much  of  the  oak  timher  of  the 

d  (Jeorge  that  \\ as  accidentally  sunk  at  Spithcad,  in  1782, 

and  \\hich  has  been  recent ly  extricated  by  Col.  Pasley's  sub- 
marine explosions,  is  only  blackened  on  its  outer  surface,  and  tlic 

most  so  in  the  neighbourhood  of  the  pieces  of  iron;  the  inside  of 
the  thick  pieces,  i>  in  general  of  nearly  its  original  colour  and 

soundness.  Some  specimens  of  cam-wood  *  have  maintained 
their  original  beautiful  red  and  orange  colours,  although  the 

i  iption  says  that  they  \\  ere  "  washed  on  shore  at  Kay  Haven, 
in  October,  1810,  with  part  of  the  wreck  of  the  Royal  Tar,  lost 

near  the  Needles  twenty  years  ago,  when  all  the  crew  perished." 
The  recent  remarks  on  colour  equally  apply  to  the  works  of 

statuary,  carving  and  modelling  generally:  thematerials  for  which 
are  either  selected  of  one  uniform  colour,  or  they  are  so  painted. 

Then  only  is  the  full  effect  of  the  artist's  skill  apparent  at  the 
tir-t  glance;  otherwise  it  frequently  happens  either  that  the  eye 
is  offended  by  the  interference  of  the  accidental  markings,  or 

fails  to  appreciate  the  general  form  or  design,  without  a  degree 
of  investigation  and  effort,  that  detracts  from  the  gratification 
which  would  be  otherwise  immediately  experienced  on  looking  at 
such  carved  works. 

This  leads  me  to  advert  to  modes  sometimes  practised  to 

produce  the  effect  of  carving ;  thus,  in  the  Manuel  de  Tour- 
lu  ur,t  a  minute  description  will  he  found  of  the  mode  of  making 
embossed  wooden  boxes,  which  are  pressed  into  metallic  moulds, 
engraved  with  any  particular  device.  The  wood  is  first  turned 

to  the  appropriate  shape,  and  then  forced  by  a  powerful  screw- 
press  into  the  heated  mould,  (which  is  made  just  hot  enough  to 
avoid  materially  discolouring  the  wood,)  it  is  allowed  to  remain  in 
that  situation  until  it  is  cold;  this  method  however  only  applies 

to  subjects  in  small  relief,  and  is  principally  employed  on  knotty 

pieces  of  box-wood  and  olive  wood  of  irregular  curly  grain. 
following  method  may  be  used  for  bolder  designs,  more 

:uhling  ordinary  carving:   the  fine  >a\vdiM  of  any  particular 
wood  it    is   required  to  imitate,   is    mixed   with  glue  or  other 

•ntitious  matter,  and  squce/i  d  into  metallic  moulds,  but  in 
the  latter  ea»e  the  peculiar  characteristic  of  the  wood,  namely 

•'; brous  structure,  is  entirely  lost,  and  the  eye  only  views  the 
*  Received  from  the  bands  of  H.  Hardman,  EM}. 

t  Second  Edition,  vol.  ii.,  pp.  441-51. 
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work  as  a  piece  of  cement  or  composition,  which  might  be  more 
efficiently  produced  from  othermaterials,  and  afterwards  coloured. 

Each  of  these  processes  partakes  rather  of  the  proceeding  of 
the  manufacturer  than  of  the  amateur;  extensive  preparations, 

such  as  very  exact  moulds  consisting  of  several  parts,  a  powerful 

press,  and  other  apparatus,  are  required,*  and  the  results  are 

so  proverbially  alike,  from  being  "  formed  in  the  same  mould/' 
that  they  lose  the  interest  attached  to  original  works,  in  the 
same  manner  that  engravings  are  less  valued  than  the  original 
paintings  from  which  they  are  copied. 

Another  method  of  working  in  wood  may  be  noticed,  which 

is  at  any  rate  free  from  the  objections  recently  advanced :  I  will 
transcribe  its  brief  description. f 

"Raised  figures  on  wood,  such  as  are  employed  in  picture 
frames  and  other  articles  of  ornamental  cabinet-work,  are 
produced  by  means  of  carving,  or  by  casting  the  pattern  in 
Paris  plaster  or  other  composition,  and  cementing  or  otherwise 
fixing  it  on  the  surface  of  the  wood.  The  former  mode  is 

expensive,  the  latter  is  inapplicable  on  many  occasions. 

"  The  invention  of  Mr.  Straker  may  be  used  either  by  itself  or 
in  aid  of  carving ;  and  depends  on  the  fact  that  if  a  depression 
be  made  by  a  blunt  instrument  on  the  surface  of  wood,  such 

depressed  part  will  again  rise  to  its  original  level  by  subsequent 

immersion  in  water." 

"  The  wood  to  be  ornamented  having  first  been  worked  out  to 
its  proposed  shape,  is  in  a  state  to  receive  the  drawing  of  the 

pattern ;  this  being  put  in,  a  blunt  steel  tool,  or  burnisher,  or 
die,  is  to  be  applied  successively  to  all  those  parts  of  the  pattern 
intended  to  be  in  relief,  and  at  the  same  time  is  to  be  driven 

very  cautiously,  without  breaking  the  grain  of  the  wood,  till  the 
depth  of  the  depression  is  equal  to  the  subsequent  prominence 
of  the  figures.  The  ground  is  then  to  be  reduced  by  planing  or 
filing  to  the  level  of  the  depressed  part ;  after  which,  the  piece 

of  wood  being  placed  in  water,  either  hot  or  cold,  the  parts 
previously  depressed  will  rise  to  their  former  height,  and  will 
thus  form  an  embossed  pattern,  which  may  be  finished  by  the 

usual  operations  of  carving."  See  Appendix,  Note  A,  page  1  .V.i 
of  this  volume,  and  also  Appendix,  Notes  J.K.L.,  of  Vol.  II., 

pages  954-95G,  for  recent  and  more  available  modes  of  carving 
by  machinery.  ̂  

•  See  the  Section  on  TortoiBeshell.          t  Trans.  Roc.  of  Arts,  vol.  xlii.,  p.  52. 
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CHAPTER  V. 

P.  OF  FORM,  AND  COMBINATION  OF  TUB  WOODa 

SECT.    I.   SHRINKING    AND    WARPING. 

THE  permanence  of  the  form  and  dimensions  of  the  woods 

it  i|iiircs  particular  consideration,  even  more  than  their  compara- 
tive degrees  of  ornament,  especially  as  concerns  those  works 

which  consist  of  various  parts,  for  unless  they  are  combined 

with  a  due  regard  to  the  strength  of  the  pieces  in  different  direc- 
tions, and  to  the  manner  and  degree  in  which  they  are  likely 

to  be  influenced  by  the  atmosphere,  the  works  will  split  or  warp, 

and  may  probably  be  rendered  entirely  useless. 
The  piece  of  dried  wood  is  materially  smaller  than  in  its  first 

or  wet  state,  and  as  it  is  at  all  times  liable  to  re-absorb  moisture 
from  a  damp  atmosphere,  and  to  give  it  off  to  a  dry  one,  even 
after  having  been  thoroughly  seasoned,  the  alterations  of  size 
again  occur,  although  in  a  less  degree. 

The  change  in  the  direction  of  the  length  of  the  fibres  is  in 

general  very  inconsiderable.*  It  is  so  little  in  those  of  straight 
grain,  that  a  rod  split  out  of  clean  fir  or  deal  is  sometimes 
employed  as  the  pendulum  of  a  clock,  for  which  use  it  is  only 
inferior  to  some  of  the  compensating  pendulums;  whereas  a  piece 
of  the  same  wood  taken  diametrically  out  of  the  center  of  a  tree, 

or  the  crossway  of  the  grain,  forms  an  excellent  hygrometer, 
and  indicates  by  its  change  of  length  the  comparative  degree  of 

*  Good  box-wood  and  lance-wood  are  approved  by  tho  Tithe  Commissioners  an 
materials  for  the  verified  scale*  to  be  employed  in  laying  down  tho  plans  for  the 
recent  Parliamentary  surrey,  as  being  next  in  accuracy  to  those  of  metal ;  where** 
scales  of  ivory  are  entirely  rejected  by  them,  owing  to  their  material  rariatio*  m 
length  under  hygrometrical  influence.  See  their  printed  papers. 

Mr.  Fincham  says  he  has  found  a  remarkable  variation  in  the  New  Zealand  pine 
the  Kowrie  or  Cowrie,  corrupted  into  Cowdie,  which  expands  so  much  as  to  cause 
the  strips  constituting  tho  inside  mouldings  of  ships  to  expand  and  buckle,  probably 
from  the  comparative  moisture  of  our  atmosphere :  and  Colonel  Lloyd  says  he  found 
the  teak  timbers  used  by  him  in  constructing  a  large  room  in  the  Mauritius  to  have 

shrunk  three  quarters  of  an  inch  in  length  in  thirty -eight  feet,  although  this  wood 
is  by  many  considered  to  shrink  sideways  leant  of  nil  others. 
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moisture  of  the  atmosphere.  The  important  difference  in  the 

general  circumstances  of  the  woods,  in  the  two  directions  of  the 
grain,  I  propose  to  notice,  first  as  regards  the  purposes  of  turning, 

and  afterwards  those  of  joinery- work,  which  will  render  it  neces- 
sary to  revert  to  the  wood  in  its  original,  or  unseasoned  state. 

The  turner  commonly  employs  the  transverse  section  of  the 

wood,  and  we  may  suppose  the  annual  rings  then  exhibited,  to 
consist  of  circular  rows  of  fibres  of  uniform  size,  each  of  which, 

for  the  sake  of  explanation,!  will  suppose  to  be  the  one-hundredth 
of  an  inch  in  diameter. 

When  the  log  of  green  wood  is  exposed  to  a  dry  atmosphere, 
the  outer  fibres  contract  both  at  the  sides  and  ends,  whereas 

those  within,  are  in  a  measure  shielded  from  the  immediate 

effect  of  the  atmosphere,  and  nearly  retain  their  original  dimen- 
sions. Supposing  all  the  outside  fibres  to  be  reduced  to  the 

one  hundred  and  tenth,  or  the  one  hundred  and  twentieth  of  an 

inch,  as  the  external  series  can  no  longer  fill  out  the  original 

extent  of  the  annual  ring,  the  same  as  they  did  before  they  were 

dried  ;  they  divide,  not  singly,  but  into  groups,  as  the  unyielding 
center,  or  the  incompressible  mass  within  the  arch,  causes  the 

parts  of  which  the  latter  is  composed  to  separate,  and  the 
divisions  occur  in  preference  at  the  natural  indentations  of  the 

margin,  which  appear  to  indicate  the  places  where  the  splits  are 
likely  to  commence. 

Fig.  12. 

The  ends  being  the  most  exposed  to  the  air  are  the  first 
attacked,  and  there  the  splits  are  principally  radial  with  occa- 



sional  tlivorsions  cone  th  the  layers  of  fibres,  as  in  fip 

nntl  on  the  siil,-  of  the  lo^',  the  splits  become  gradually  extended 
in  the  direction  of  its  length.  The  air  penetrates  the  cracks, 

and  extends  both  cause  and  effect,  and  an  exposure  of  a  few 
weeks,  days,  or  even  one  day,  to  a  hot  dry  atmosphere,  will, 
sometimes,  spoil  the  entire  log,  and  the  more  rapidly  the  harder 
the  wood,  from  its  smaller  penetrability  to  the  air.  This  effect 

is  in  part  stayed  by  covering  the  ends  of  the  wood  with  grease, 
wax,  glue  or  paper,  to  defend  them,  but  the  best  plan  is  to 
transfer  the  pieces  very  gradually  from  the  one  atmosphere  to 
the  other,  to  expose  them  equally  to  the  air  at  all  parts,  and  to 
avoid  the  influence  of  the  sun  and  hot  dry  air. 

The  horizontal  slice  or  block  of  the  entire  tree,  is  the  most 

proper  for  the  works  of  the  lathe,  as  it  is  presented  by  nature 
the  most  nearly  prepared  to  our  hand,  and  its  appearance, 
strength,  grain,  and  shrinking,  are  the  most  uniform.  The 

annual  rings,  if  any  be  visible,  are,  as  in  fig.  13,  nearly  concentric 

Figs.  13. 14. 
15. 

with  the  object,  the  fibres  around  the  circumference  are  alike, 

and  the  contraction  occurs  without  causing  any  sensible  depar- 
ture from  the  circular  form.  Although  thin  transverse  slices 

are  necessarily  weak  from  the  inconsiderable  length  of  the  fibres 

of  which  they  are  composed,  (equal  only  in  length  to  the  thick- 
nest  of  the  plate,)  they  are  strengthened  in  the  generality  of 
turned  works  by  the  margin,  such  as  we  find  in  the  rim  of  a 
snuff-box,  which  supports  the  bottom  like  the  hoop  of  a  drum  or 
tambarine. 

The  entire  circular  section  is  therefore  most  appropriate  for 

turning,  next  to  it  the  quartering, fig.  14,  should  be  chosen,  but 

appearance  is  less  favourable;  and  a  worse  effect  happens, 
as  the  shrinking  causes  a  sensible  departure  from  the  circle,  the 
contraction  bein^  invariably  greater  upon  the  circular  arcs  of 
fibres,  than  the  radial  lines  or  medullary  rays.  If  such  works 
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be  turned  before  the  materials  are  thoroughly  prepared,  they 

will  become  considerably  oval ;  so  much  so,  that  a  manufacturer 

who  is  in  the  habit  of  working  up  large  quantities  of  pear-tree, 
informs  me  that  hollowed  pieces  rough  turned  to  the  circle,  alter 
so  much  and  so  unequally  in  the  drying,  that  works  of  three 
inches  will  sometimes  shrink  half  an  inch  more  on  the  one 

diameter  than  the  other,  and  become  quite  oval ;  it  is  therefore 

necessary  to  leave  them  half  an  inch  larger  than  the  intended 
size.  Even  in  woods  that  were  comparatively  dry,  a  small  differ- 

ence may  in  general  be  detected  by  the  callipers,  when  they  have 
been  turned  some  time,  from  their  unequal  contraction. 

In  pieces  cut  lengthways,  such  as  fig.  15,  circumstances  are  still 
less  favourable ;  there  being  no  perceptible  contraction  in  the 

length  of  the  fibres,  the  whole  of  the  shrinking  takes  place 

laterally,  at  right  angles  to  them,  and  the  work  becomes  oval  to 
the  full  extent  of  the  contraction  that  occurs  in  the  fibres. 

The  plank- wood  is  almost  solely  employed  for  large  discs  which 
would  be  too  weak  if  cut  out  transversely ;  and  in  some  cases  for 
objects  made  of  those  ornamental  woods  which  are  best  displayed 
in  that  section,  as  the  tulip,  rose,  king,  zebra,  partridge,  and 
satin  woods.  Specimens  of  oak  from  ancient  buildings  are 
sometimes  thus  worked,  but  in  all  such  cases  the  wood  should  be 

exceedingly  well  dried  beforehand ;  otherwise  in  addition  to  the 
inconvenience  arising  from  the  greater  departure  from  the  circle, 
the  pieces  will  warp  and  twist,  an  effect  that  more  generally 

concerns  the  joiner's  art,  and  to  the  consideration  of  which  we 
will  now  proceed. 

When  the  green  wood  is  cut  up  into  planks,  boards,  and 
veneers,  the  splitting  which  occurs  in  the  transverse  section  is 

less  to  be  feared  than  distortion  or  warping,  from  the  unequal 
contraction  of  the  fibres.  Thick  planks  are  partially  stayed  from 
splitting  and  opening,  by  elects  nailed  upon  each  end ;  boards 
are  left  unprotected,  and  veneers  are  protected  from  accidental 
violence  by  slips  of  cloth  glued  upon  each  end. 

One  plank  only  in  each  tree  can  be  exactly  diametrical,  the 
others  arc  parallel  therewith,  and,  as  shown  in  fig.  12,  the  two 
sides  of  all  the  boards,  but  that  from  the  center,  are  differently 
circumstanced  as  regards  the  arrangement  of  the  fibres,  and  con- 



raet  dilferently.  It  \\ill  be  generally  tumid  that  the  hoards  cx- 
toted  to  similar  conditions  on  both  sides,  become,  from  the  simple 
fleet  of  drying,  convex  on  the  side  towards  the  center  of  the  tree ; 

bis  will  be  explained  by  a  reference  to  the  diagram,  fig.  16, 

wlych  shows  that  the  longest  continuous  line  of  fibres  is  concen- 

\vith  the  axis  of  the  tree.  Thus  let  a,  b,  c,  d,  e,f,  represent  the 
section  of  a  board,  the  line  b,  e,  of  which  is  supposed  to  contain 

fibres,  and  the  arc  d,  b,f,  thirty  :  therefore  supposing  every 
fibre  to  shrink  alike  in  general  dimensions,  the  contraction  on 

;irc,  will  be  six  times  that  upon  the  short  radial  line,  and  the 

\  margin  of  the  board  will  be  the  dotted  line  which  proceeds 
from  //  to  h,  the  departure  of  which  from  the  original  straight 
line  will  be  five  times  as  much  at  d  as  at  e. 

This  is  not  imaginary,  as  it  is  in  all  cases  borne  out  by  obser- 
vation, where  the  pieces  are  exposed  to  similar  circumstances 

on  both  sides.  "When  a  true  flat  board  is  wanted,  it  is  a  com- 
i  practice  to  saw  the  wide  plank  in  two  or  four  pieces,  to 

change  sides  with  them  alternately,  and  glue  them  together  again, 
as  in  fig.  17,  so  that  the  pieces,  1,  3,  5,  may  present  the  sides 

Fig.  17. 

the  axis  of  the  tree,  and  2,  4,  6,  those  towards  its 
: inference;  the  curvature  from  shrinking  will  then  become 

ft  serpentine  line  eon^tin^  of  instead  of  one  continuous 

"When   the  opposite  sides  of  a  board  are  exposed  to  unequal 
iitions,   the  moisture   will  swell   the   fibres  on  the  one  side 

and  make  that  ron\e\,  and  in  the  opposite  manner  that  exposed 

[•  or  heat  will  contract  and  become  concave;  from 
.cos,   when   several  pieces  of  wood  are  placed 

around  the  room  or  before  the  fire,  "  to  air,"  the  sides  should  be 
B  3 
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continually  changed,  that  both  may  have  equal  treatment,  so  as 
to  lessen  the  tendency  to  curvature.  To  remedy  the  defect  when  it 
may  have  occurred,  the  joiner  exposes  the  convex  side  to  the  fire, 
but  it  is  obviously  better  to  be  sparing  of  these  sudden  changes. 

Any  unequal  treatment  of  the  two  sides  is  almost  sure  to  curl 
the  board ;  if,  for  instance,  we  paste  a  sheet  of  paper  upon  one 
side  of  a  board,  it  will  in  the  first  instance  swell  the  surface  and 

make  it  convex;  as  the  paper  dries  it  contracts,  it  forces  the  wood 

to  accompany  it,  and  the  papered  side  becomes  hollow ;  when  two 

equal  papers  are  pasted  on  opposite  sides,  this  change  does  not 
generally  occur.  A  similar  effect  is  often  observed  when  a  veneer 
is  glued  on  a  piece  of  wood ;  hence  it  is  usual  to  swell  the  surface 
on  which  the  veneer  is  to  be  laid,  by  wetting  it  with  a  sponge 

dipped  in  thin  size,  so  as  to  make  it  moderately  round ;  in  this 
case,  the  wetted  surface  of  the  board,  and  the  glued  surface  of 

the  veneer,  are  expanded  nearly  alike  by  the  moisture,  and  in 

drying  they  also  contract  alike,  so  that  under  favourable  manage- 
ment the  board  recovers  its  true  flat  figure. 

The  woods  are  much  less  disposed  to  become  curved  in  the 
direction  of  their  length,  than  crossways ;  but  another  evil  equally 
or  more  uutractable  is  now  met  with,  as  the  general  figure  of  the 
board  is  more  or  less  disposed  to  twist  and  warp,  so  that  when 
it  is  laid  upon  a  flat  surface  it  touches  only  at  the  two  diagonal 

corners,  and  is  said  to  be  " in  winding"  This  error  is  the  less 
experienced  in  the  straight-grained  pines  and  mahogany,  which 
are  therefore  selected  for  works  in  which  constancy  of  figure  is  a 
matter  of  primary  importance,  as  in  models  for  the  foundry,  and 
objects  exposed  to  great  vicissitudes  of  climate. 

The  warping  may  arise  from  the  curved  direction  of  the  fibres 
in  respect  to  the  length  of  the  plank,  and  also  from  the  spiral 
direction  in  which  many  trees  grow ;  in  some,  for  example,  the 
furrows  of  the  bark  are  frequently  twisted  as  much  as  fifteen  or 

twenty  degrees  from  the  perpendicular,  and  sometimes  even 
thirty  and  forty.  The  woods  themselves  when  split  through 
the  center  of  the  tree  differ  materially ;  they  sometimes  present 
a  tolerably  flat  surface,  at  others  they  are  much  in  winding  or 

twisted,  a  further  corroboration  of  the  "  spiral  growth  •"  we 
cannot  be  therefore  much  surprised  that  the  planks  cut  out 
from  such  woods,  should  in  a  degree  pursue  the  paths  thus  early 
impressed  upou  them. 
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inucli  t  \\istcil  in  this  manner.     I  have 

a  block,  the  diameter  of  which  is  nine  inches;  its  surface  is 

*l>lit  at  live  parts,  with  spiral  grooves,  at  an  angle  of  nearly 
thirty  degrees  with  the  axis  ;  these  make  exactly  one  complete 

rev<>'  i  one  turn  of  a  screw  in  the  length  of  the  piece, 
which  is  just  three  feet. 

On  tin  other  h:mcl,  the  Alerce,  a  pine  growing  in  the  island  of 
Chiloe  in  S  nith  America,  to  the  diameter  of  about  four  feet, 
and  whose  wood  resembles  the  cedar  of  Lebanon  in  colour,  is 

so  remarkably  straight  in  the-  grain,  that  it  is  the  custom  of  the 
:try  to  split  it   into  planks  about  eight  feet  long  and  seven 
.es  wide,  which  arc  almost  as  true  as  if  they  were  cut  with 

the  saw,  although  of  course  not  quite  so  smooth. 

•  rivet  the  errors  of  winding  and  curvature  in  length,  the 
joiner  in  working  upon  rigid  pieces,  first  planes  off  the  higher 

its  so  as  to  produce  the  true  form  by  reduction.  But  when 

the  objects  are  long  and  thin,  they  are  corrected  by  the  hands, 

jn>t  as  we  should  straighten  a  cane,  or  a  walking  stick,  except 
that  the  one  angle  of  the  board  is  rested  upon  the  bench  or 

i  ,  the  other  is  held  in  the  hand,  and  the  pressure  is  applied 
between  them. 

Broad  thin  pieces  are  sometimes  warmed  on  both  sides  before 

tire  to  lessen  their  rigidity  ;  they  are  then  fixed  between 

stout  flat  boards  by  means  of  several   hand-screws,   and 
allowed  to  remain   until   they  are  quite  cold;  this  is  just  the 

rse  of  the  mode  of  bending  timber  for  ship-building  and 
other  purposes,  but  applied  in  a  less  elaborate  manner. 

'iicluding  this  division  of  the  subject,  I  may  observe  that 

the  shrinking  and  contracting  of  the  straight-grained  woods, 
especially  deal  and  mahogany,  cause  but  little  distortion  of  their 

nil  shape   after  they  have  been  properly  dried;    but  the 

-ity  of  grain,  a  principal  cause  of  beauty  of  tip  ire  in  the 

•iinital  woods,  is  at  the  same  time  a  source  of  confusion  in 
their  shrinking,  which   being  called  on  to  pursue  many  paths, 
(whieh  are  parallel  with  the  fibres,  however  tortuous,)  gives  rise 

to  a  greater  disturbance  from  the  original  shape,  or  in  extreme 
.    (\in    causes    them   to   split    where   the   contraction   is 

restrained  by  the  peculiarity  of  growth. 

In  t  i  .me  furniture  woods  the  economy  of  manufacture 
evil,  as  from  their  great  value  they  are  cut  into 
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very  thin  slices  or  veneers,  and  glued  upon  a  stout  fabric  of 

straight-grained  wood,  commonly  inferior  mahogany,  cedar,  or 
deal,  by  which  the  opposite  characters,  of  beauty  of  appearance 
and  permanence  of  form,  are  combined  at  a  moderate  expense ; 
these  processes  will  be  explained. 

SECT.  II. — COMBINING    DIFFERENT    PIECES    OF    WOOD. 

IN  combining  several  pieces  of  wood  for  works  in  carpentry 

and  cabinet-making,  the  different  circumstances  of  the  plank  as 
respects  its  length  and  width  should  be  always  borne  in  mind. 
Provision  must  be  made  that  the  shrinking  and  swelling  are  as 
little  restrained  as  possible,  otherwise  the  pieces  may  split  and 
warp  with  an  irresistible  force :  and  the  principal  reliance  for 
permanence  or  standing,  should  be  placed  on  those  pieces,  (or 
lines  of  the  work,)  cut  out  the  lengthway  of  the  plank,  which  are, 
as  before  explained,  much  less  disposed  to  break  or  become 
crooked,  than  the  crossway  sections :  these  particulars  will  be 
more  distinctly  shown  by  one  or  two  illustrations. 

Fig.  18. Let  a,  b,  c,  d,  represent  the  flat  sur- 
face of  a  board:  e,f,  the  edge  of  the  same, 

and  g,  h,  the  end ;  no  contraction  will 
occur  upon  the  line  e,f,  or  the  length, 

and  in  the  general  way,  that  line  will 
remain  pretty  straight  and  rigid;  but 
the  whole  of  the  shrinking  will  take  place 

on  ff,  h,  the  width,  which  is  slender,  flexi- 
ble, and  disposed  to  become  curved  from 

any  unequal  exposure  to  the  air;  the 
d  four  marginal  lines  of «,  b,  c,  d,  are  not 

A  likely  to  alter  materially  in  respect  to 

""-     each  other,  but  they  will  remain  toler- 
ably parallel  and  square,  if  originally  so  formed. 

A  dove-tailed  box  consists  of  six  such  pieces,  the  four  sides 
of  which,  A,  B,  C,  D,  fig.  19,  are  interlaced  at  the  angles  by 

the  dove-tails,  so  that  the  flexible  lines,  as  g,  h,  on  B,  are  con- 
nected with,  and  strengthened  by,  the  strong  lines,  as  c,  d  on  A, 

and  so  on  :  the  whole  collectively  form  a  very  rigid  frame,  the 
more  especially  when  the  bottom  piece  is  fixed  to  the  sides  by 
glue  or  screws,  as  it  entirely  removes  from  them  the  small  power 
of  racking  upon  the  four  angles,  (by  a  motion  like  that  of  the 
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jointed    parallel    rule,)    which    mi-lit    happen    if   thr   dove-taiN, 

i  on  a  liirger  scale  iu  fig.  29,  wen-  l..<»cly  fitted. 

Fig.  19. 

\Yhen  the  grain  of  the  four  sides,  A,  B,  C,  D,  runs  iu  the 

t  direction,  or  parallel  with  the  edges  of  the  box  or  dra\\ 
aa  shown  by  the  shade  lines  on  A  and  B,  and  the  pieces  are 

illy  wet  or  dry,  they  will  contract  or  expand  equally,  and 
without  any  mi>chief  or  derangement  happening  to  the  work; 
to  ensure  this  condition,  the  four  sides  are  usually  cut  out  of  the 

same  plank.  But  if  the  pieces  had  the  grain  in  different  direc- 
tions, as  C  and  D,  and  the  two  were  nailed  together,  D  would 

entirely  prevent  the  contraction  or  expansion  of  C,  and  the 
latter  would  probably  be  split  or  cast,  from  being  restrained. 
When  admissible,  it  is  therefore  usual  to  avoid  fixing  together 

16  pieces,  iu  which  the  grain  runs  respectively  lengthways  and 
crossways,  especially  where  apprehension  exists  of  the  occurrence 
of  swelling  or  shrinking. 

A  wide  board,  fig.  21,  composed  of  the  slips,  A,  B,  C,  D,  E, 
(reversed  as  in  diagram,  fig.  17,  page  51,)  is  rendered  still  more 

naiicnt,  and  very  much  stronger,  when  its  ends  are  confined 
by  t\vo  clamps,  such  as  G,  H,  (one  only  seen;)  the  shade  lines 
represent  the  direction  of  the  grain.  The  group  of  pieces,  A  to  E, 

Tact  in  width  upon  the  line  A,  E,  and  upon  it  they  are  also 
the  clamp  (!,  II,  is  strong  and  incapable  of 

contraction  in  that  direction,  and  therefore  unless  the  wood  is 

thoroughly  dry  the  two  parts  should  be  connected  in  a  manner 
that  will  allow  for  the  alteration  of  the  one  alone.  This  is  effected 

by  ;  'ie  and  groove  fitting  as  represented;  the  end  piece, 
(i.  11,  ii  sometimes  only  fastened  by  a  little  glue  in  the  center  of 
its  length,  but  in  cabinet-^  ork,  \\  here  the  seasoning  of  the  v. 

•nerally  better  attended  to,  it  is  glued  throughout. 
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If  the  clamp  G,  H,  were  fixed  by  tenons,  (one  of  which  i,  j, 

is  shown  detached  in  fig.  22,)  the  contraction  of  the  part  of  the 

Fig.  21. Fig.  22. 

board  between  the  tenons  might  cause  it  to  split,  the  distance 
between  the  mortises  in  G,  H,  being  unalterable  :  or  the  swelling 
of  the  board  might  cause  it  to  bulge,  and  become  rounding ;  or 
the  entire  frame  would  twist  and  warp,  as  the  expansion  of  the 
center  might  be  more  powerful  than  the  resistance  to  change 
in  the  two  clamps,  and  force  them  to  bend. 

It  is  therefore  obvious  that  if  any  question  exist  as  to  the 
entire  and  complete  dryness  of  the  wood,  the  use  of  clamps  is 
hazardous ;  although  in  their  absence,  the  shrinking  might  tear 

away  the  wood  from  the  plain  glue  joint,  even  if  it  extended 
entirely  across,  without  causing  any  further  mischief,  but  more 
generally  the  shrinking  would  split  the  solid  board. 

Another  mode  of  clamping  is  represented  at  K  j  it  is  there 

placed  edgeways,  and  attached  by  an  undercut  or  dove-tailed 
groove,  slightly  taper  in  its  length,  and  is  fixed  by  a  little  glue 
at  the  larger  end,  which  holds  the  two  in  firm  contact :  each 

of  these  modes,  and  some  others,  are  frequently  employed  for 
the  large  drawing  boards  required  by  architects  and  engineers 
for  the  drawings,  made  with  squares  and  instruments. 

From  a  similar  motive,  the  thin  bottom  of  a  drawer  is  grooved 
into  the  two  sides  and  front,  and  only  fixed  to  the  back  of  the 
drawer  by  a  few  small  screws  or  brads,  so  that  it  may  swell  or 
shrink  without  splitting,  which  might  result  were  it  confined  all 
around  its  margin.  It  is  more  usual,  however,  to  glue  thin  slips 

along  the  sides  of  large  drawers,  as  in  fig.  23,  which  strengthen 
the  sides,  and  being  grooved  to  receive  the  bottom,  allow  it  to 
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:ik  without  interfering  either  with  the  front  or  back  of  the 
dra\\ 

In  an  ordinary  door  with  two  or  more  panels,  all  the  marginal 
pieees  run  lengthways  of  the  grain  :  the  two  sides,  called  the 

*/i7r.v,  extend  the  w  hole  height,  and  receive  the  transverse  pieces 

'v/i/.*,  now  mortised  through  the  stiles,  and  wedged  tight, 
Imt  without  risk  of  splitting,  on  account  of  their  small  width  ; 
every  panel  is  fitted  into  a  groove  within  four  edges  of  the  frame. 

width  of  the  panel  should  be  a  trifle  less  than  the  extreme 

width  of  the  grooves,  and  even  the  mouldings,  when  they  are 
not  worked  in  the  solid,  are  fixed  to  the  frame  alone,  and  not  to 

the  panel,  that  they  may  not  interfere  with  its  alterations; 
then  tore  in  every  direction  we  have  the  frame-work  in  its 
strongest  and  most  permanent  position  as  to  grain,  and  the  panel 
i>  unrestrained  from  alteration  in  width  if  so  disposed. 

This  system  of  combination  is  carried  to  a  great  extent  in  the 
tops  of  mahogany  billiard  tables,  which  consist  of  numerous 
panels  about  8  inches  square,  the  frames  of  which  are  3£  in.  wide 
and  1  £  in.  thick ;  the  panels  are  ploughed  and  tongued,  so  as  to 
be  level  on  the  upper  side,  and  from  their  small  size  the  individual 

contraction  of  the  separate  pieces  is  insignificant,  and  conse- 
quently the  general  figure  of  the  table  is  comparatively  certain. 

Of  late  years,  I  am  told  *,  that  slate,  a  material  uninfluenced  by 
the  atmosphere,  has  been  almost  exclusively  used;  the  top  of  a 
full  sized  table,  of  12  by  6  feet,  consists  of  four  slabs  one  inch 
thick,  ground  on  their  lower,  and  planed  by  machinery  on  their 
upper  surfaces :  the  iron  tables  are  almost  abandoned  for  several 
reasons.  Large  thin  slates,  from  their  permanence  of  form,  are 
sometimes  used  by  engineers  and  others  for  drawing  upon,  and 
also  in  carpentry  for  the  panels  of  superior  doors. 

SECT.    III. — ON    GLUEING    VARIOUS    WORKS    IN    WOOD. 

GLUE  is  the  cement  used  for  joining  different  pieces  of  wood ; 
mmon  jelly,  made  from  the  scraps  that  are  pared  off  the 

hides  of  aiiimaU  before  they  are  subjected  to  the  tan-pit  for  con- 
ion  into  leather.     The  inferior  kinds  of  glue  are  often  con- 

taminated with  a  considerable  portion  of  the  lime  used  for  remov- 
ing the  hair  from  the  skins,  but  the  better  sorts  are  transparent, 

•  By  Mr.  Thureton,  of  Cathcrin^street. 
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especially  the  thin  cakes  of  the  Salisbury  glue,  which  are  of  a 
clear  amber  colour. 

In  preparing  the  glue  for  use,  it  is  most  usually  broken  into 
small  pieces,  and  soaked  for  about  twelve  hours  in  as  much  water 

as  will  cover  it ;  it  is  then  melted  in  a  glue-kettle,  which  is  a 
double  vessel  or  water  bath,  the  inner  one  for  the  glue,  the  outer 
for  the  water,  in  order  that  the  temperature  applied  may  never 
exceed  that  of  boiling  water.  The  glue  is  allowed  at  first  to 

simmer  gently  for  one  or  two  hours,  and  if  needful  it  is  thinned 
by  the  addition  of  hot  water,  until  it  runs  from  the  brush  in  a 
fine  stream ;  it  should  be  kept  free  from  dust  and  dirt  by  a 
cover,  in  which  a  notch  is  made  for  the  brush.  Sometimes  the 

glue  is  covered  with  water,  and  boiled  without  being  soaked. 

Glue  is  considered  to  act  in  a  two-fold  manner,  first  by 
simple  adhesion,  and  secondly  by  excluding  the  air,  so  as  to 
bring  into  action  the  pressure  of  the  atmosphere.  The  latter 
however  alone,  is  an  insufficient  explanation,  as  the  strength  of 

a  well-made  glue  joint  is  frequently  greater  than  the  known 
pressure  of  the  atmosphere :  indeed  it  often  exceeds  the 
strength  of  the  solid  wood,  as  the  fracture  does  not  at  all  times 

occur  through  the  joint,  and  when  it  does,  it  almost  invariably 
tears  out  some  of  the  fibres  of  the  wood  :  mahogany  and  deal  are 
considered  to  hold  the  glue  better  than  any  other  woods. 

It  is  a  great  mistake  to  depend  upon  the  quantity  or  thick- 
ness of  the  glue,  as  that  joint  holds  the  best  in  which  the  neigh- 

bouring pieces  of  wood  are  brought  the  most  closely  into  contact ; 
they  should  first  be  well  wetted  with  the  glue,  and  then  pressed 
together  in  various  ways  to  exclude  as  much  of  it  as  possible,  as 
will  be  explained. 

The  works  in  turnery  do  not  in  general  require  much  recourse 

to  glue,  as  the  parts  are  more  usually  connected  by  screws  cut 
upon  the  edges  of  the  materials  themselves ;  but  when  glue  is 
used  by  the  turner  the  mode  of  proceeding  is  so  completely 
similar  to  that  practised  in  joinery  works,  that  no  separate 
instructions  appear  to  be  called  for,  especially  as  those  parts  in 
which  glue  is  required,  as  for  example  in  Tunbridge  ware,  partake 
somewhat  of  the  nature  of  joinery  work. 
When  glue  is  applied  to  the  end  grain  of  the  wood,  it  is  rapidly 

absorbed  in  the  pores ;  it  is  therefore  usual  first  to  glue  the  end 
wood  rather  plentifully,  and  to  allow  it  to  soak  in  to  fill  the  grain, 
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and   then  to  repeat  the   process   until  the  usual  quantity 

remain  upon  tin    face  of  tin-  work;  but    it  never  holds  so  wi  11 
upon  the  endway  as  the  lengthway  of  the  fibres. 

luring  the  edges  of  two  boards  together,  they  are  first 
planed  very  straight,  true,  and  square;  they  are  then  carefully 
examined  as  to  accuracy,  and  marked,  to  show  which  way  they 
are  intended  to  he  placed.  The  one  piece  is  fixed  upright  in  the 

chaps  of  the  bench,  the  other  is  laid  obliquely  against  it,  and  the 

glue-brush  is  then  run  along  the  angle  formed  between  their 

••*,  which  arc  then  placed  in  contact,  and  rubbed  hard  together 
lengthways,  to  force  out  as  much  of  the  glue  as  possible.  AVhen 

the  joint  begins  to  feel  still'  under  the  hand,  the  two  parts  are 
brought  into  their  intended  position  and  left  to  dry;  or  as  the 
bench  cannot  in  general  be  spared  so  long,  the  work  is  cautiously 

oved  from  it,  and  rested  in  contact  with  a  slip  of  wood  placed 
against  the  wall,  at  a  small  inclination  from  the  perpendicular. 

•  men  are  required  in  glueing  the  joints  of  long  boards. 
In  glueing  a  thin  slip  of  wood  on  the  edge  of  a  board,  as  for  a 

moulding,  it  is  rubbed  down  very  close  and  firm,  and  if  it  show 
any  disposition  to  spring  up  at  the  ends,  it  is  retained  by  placing 
thereon  heavy  weights,  which  should  remain  until  the  work  is 
cold  :  but  it  is  a  better  plan  to  glue  on  a  wide  piece,  and  then 
to  saw  off  the  part  exceeding  that  which  is  required. 

Many  works  require  screw-clamps  and  other  contrivances,  to 
in  the  respective  parts  in  contact  whilst  the  glue  is  drying; 

in  others  the  fittings  by  which  the  pieces  are  attached  together, 

supply  the  needful  pressure.  For  instance,  in  glueing  the  dove- 
tails of  a  box,  or  a  drawer,  such  as  fig.  19,  page  55,  the  cl« 

rly  fitted,  hold  the  sides  together  in  the  requisite 

manner,  and  the  following  is  the  order  of  proceeding. 

The  dove-tail  pins,  on  the  end  B,  fig.  19,  are  first  sparingly 
glued,  that  piece  is  then  fixed  in  the  chaps  of  the  bench,  glue 

npw-  i  the  side  A,  held  horizontally,  is  driven  down  upon 
H  by  blows  of  a  hammer,  which   arc   given  upon  a   waste  piece 

\ood,  smooth  upon  its  lower  face,  and  placed  over  the  d« 
tail  pins,  which  should  a  little  exceed  the  tl.  of  the  wood, 
so  that  when  their  superfluous  length  is  finally  planed  off,  they 

may  make  a  good  clean  joint.     AY  hen  the  pins  of  the  dove-! 

come  flush  with  the  face,  the  driving  block  is  placed  bes'uli-  them 
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to  allow  the  pins  to  rise  above  the  surface.  The  second  end,  D, 

is  then  glued  the  same  as  B,  it  is  also  fixed  in  the  bench,  and  A  is 
driven  down  upon  it  as  before ;  this  unites  the  three  sides  of  the 
square.  The  other  pins  on  the  ends  B  and  D  are  then  glued, 
and  the  first  side,  A,  is  placed  downwards  on  the  bench,  upon 

two  slips  of  wood  placed  close  under  the  dove-tails,  that  it  may 
stand  solid,  and  the  remaining  side,  D,  is  driven  down  upon 
them  to  complete  the  connexion  of  the  four  sides. 

The  box  is  then  measured  with  a  square,  to  ascertain  if  it  have 
accidentally  become  rhomboidal,  or  out  of  square,  which  should  be 

immediately  corrected  by  pressure  in  the  direction  of  the  longer 
diagonal ;  lastly,  the  superfluous  glue  is  scraped  off  whilst  it  is 
still  soft  with  a  chisel,  and  a  sponge  dipped  in  the  hot  water  of 

the  glue-kettle  is  occasionally  used,  to  remove  the  last  portion 
of  glue  from  the  work. 

The  general  method  pursued  in  glueing  the  angles  of  the  frame 
for  a  panel,  is  somewhat  similar,  although  modified,  to  meet  the 
different  structure  of  the  joints.  The  tenons  are  made  quite 
parallel  both  ways,  but  the  mortises  are  a  little  bevelled  or 
made  longer  outside,  to  admit  the  small  wedges  by  which  the 
tenons  are  fastened :  and  the  stiles  are  made  somewhat  longer 
than  when  finished,  to  prevent  the  mortises  from  being  broken 
out  in  driving  the  wedges,  which  are  mostly  cut  out  of  the 
waste  pieces  sawn  off  from  the  tenons  in  forming  their  shoulders 
or  haunches.  These  details  are  seen  in  fig.  22,  p.  56. 

In  glueing  the  frame  for  a  single  panel  which  is  fitted  into  a 
groove,  the  whole  of  the  frame  is  put  together  before  com- 

mencing the  glueing,  and  the  stiles  are  knocked  off  one  at  a 

time,  by  which  the  misplacement  of  the  pieces  is  avoided.  The 

tenons  are  glued,  and  a  little  glue  is  thrust  into  the  two  mor- 
tises with  a  thin  piece  of  wood ;  when  the  stiles  have  been 

driven  down  close,  the  joint  is  completed  by  the  insertion  of  a 
wedge  on  each  side  of  the  tenon  ;  their  points  are  dipped  in  the 

glue,  and  they  are  driven  in  like  nails,  so  as  to  fill  out  the 
mortises,  after  which  the  tenons  cannot  be  withdrawn :  sometimes 

the  wedges  are  driven  into  saw-kerfs,  previously  made  near  the 
sides  of  the  tenons ;  the  other  stile  is  then  knocked  off,  glued, 
and  fixed  in  the  same  manner.  Occasionally  all  four  tenons 
are  glued  at  the  same  time,  and  the  two  stiles  are  pressed 
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her  by  screw-clamps,    stretching    across  the   frame  just 
within  the   ti-nons  ;  the   wedges  are  lastly  driven  in,  before 

\al  <>t   the  clamps,  and  the  door  if  square  and  true  is 
'<>  ilry. 

In  many  other  cases  also,  the  n-pictive  pieces  arc  pressed 
together  by  screws  variously  contrived  ;  the  boards  employed  to 
save  the  work  from  being  disfigured  by  the  screws  are  planed 

:ind  arc  warmed  before  the  fire,  to  supply  heat  to  keep  the 
glue  fluid  until  the  work  is  screwed  up,  and  the  warmth  after- 

wards assists  in  drying  the  glue  :  such  heated  boards  are  named 
cauls,  and  they  are  particularly  needed  in  laying  down  large 

i-s,  which  process  is  thus  accomplished. 
The  surfaces  of  the  table  or  panel,  and  both  sides  of  the  veneer, 

-rratched  over  with  a  tool  called  a  toothing-plane,  which  has 
a  perpendicular  iron  full  of  small  grooves,  so  that  it  always 

ins  a  notched  or  serrated  edge ;  this  makes  the  roughness  on 

the  respective  pieces,  called  the  tooth  or  key,  for  the  hold  of 
the  glue.  A  caul  of  the  size  of  the  table  is  made  ready;  and 

i  al  pairs  of  clamps,  each  consisting  of  two  strong  wooden 
bars,  placed  edgeways  and  planed  a  little  convex  or  rounding 
on  their  inner  edges,  and  connected  at  their  extremities  with 

iron  screw-bolts  and  nuts,  arc  adjusted  to  the  proper  opening; 
the  table  is  warmed  on  its  face,  and  the  veneer  and  caul  are 

both  made  very  hot.* 
All  being  ready,  the  table  is  brushed  over  quickly  with  thin 

glue  or  size,  the  veneer  is  glued  and  laid  on  the  table,  then 
the  hot  caul,  and  lastly  the  clamping  bars,  which  are  screwed 
down  as  quickly  as  possible,  at  distances  of  three  or  four  inches 

der,  until  they  lie  exactly  flat.  The  slender  veneer  is  thereby 
made  to  touch  the  table  at  every  point,  and  almost  the  whole  of 

the  glue  is  squeezed  out,  as  the  heat  of  the  caul  is  readily  com- 
municated through  the  thin  veneer  to  the  glue  and  retains  it  in 

a  state  of  fluidity  for  the  short  space  of  time  required  for  screw- 
ing down,  when  several  active  men  arc  engaged  in  the  process. 

table  is  kept  under  restraint  until  entirely  cold,  generally 

*  If  t he  clamps  were  straight,  their  proMuro  would  bo  only  exerted  at  the  aides 
of  the  tuMe,  bat  being  curved  to  the  extent  of  one  inch  in  three  or  four  feet,  their 

pressure  i*  fint  exerted  in  the  center,  and  gradually  extends  over  their  entire 
length,  when  they  are  so  far  strained  aa  to  make  the  rounded  edge  bear  flat  upon 
the  table  and  caul  respectively. 
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for  the  whole  night  at  least,  and  the  drying  is  not  considered 

complete  under  two  or  three  days.* 
When  the  objects  to  be  glued  are  curved,  the  cauls,  or  moulds, 

must  be  made  of  the  counterpart  curve,  so  as  to  fit  them ;  for 

example,  in  glueing  the  sounding  board  upon  the  body  of  a  harp, 

•which  may  be  compared  to  the  half  of  a  cone,  a  trough  or  caul 
is  used  of  a  corresponding  curvature,  and  furnished  all  along  the 
edge  with  a  series  of  screws  to  bring  the  work  into  the  closest 

possible  contact. 
In  glueing  the  veneers  of  maple,  oak,  and  other  woods  upon 

curved  mouldings,  such  as  those  for  picture  frames,  the  cauls  or 
counterpart  moulds,  are  made  to  fit  the  work  exactly.  The 
moulding  is  usually  made  in  long  pieces  and  polished,  previously 
to  being  mitred  or  joined  together  to  the  sizes  required. 

In  works  that  are  curved  in  their  length,  as  the  circular  fronts 

of  drawers,  and  many  of  the  foundry  patterns  that  are  worked  to 
a  long  sweep,  the  pieces  that  receive  the  pressure  of  the  screws 

used  in  fixing  the  work  together  "  whilst  it  is  under  glue,"  are 
made  in  narrow  slips,  and  pierced  with  a  small  hole  at  each  end; 
they  are  then  strung  together  like  a  necklace,  but  with  two 
strings.  This  flexible  caul  can  be  used  for  all  curves ;  the  strings 

prevent  the  derangement  of  the  pieces  whilst  they  are  being 
fixed,  or  their  loss  when  they  are  not  in  use. 

I  have  mentioned  these  cases  to  explain  the  general  methods, 
and  to  urge  the  necessity  of  thin  glue,  of  a  proper  degree  of 
warmth  to  prevent  it  from  being  chilled,  and  of  a  pressure  that 
may  cause  the  greatest  possible  exclusion  of  glue  from  the  joint. 
But  for  the  comparatively  small  purposes  of  the  amateur,  four 

or  six  hand-screws,  or  ordinary  clamps,  or  the  screw-chaps  of  the 
bench,  aided  by  a  string  to  bind  around  many  of  the  curvilinear 
and  other  works,  will  generally  suffice. 

As  however  the  amateur  may  occasionally  require  to  glue 
down  a  piece  of  veneer,  I  will,  in  conclusion,  describe  the  method 

of  "laying  it  with  the  hammer,"  which  requires  none  of  the 

*  In  some  of  the  large  manufactories  for  cabinet-work,  the  premises  are  heated 

by  steam-pipes,  in  wliich  case  they  have  frequently  a  close  stove  in  every  workshop 
heated  many  degrees  beyond  the  general  temperature,  for  giving  the  final  seasoning 
to  the  wood,  for  heating  the  cauls,  and  for  warming  the  glue,  which  is  then  done 

by  opening  a  small  steam-pipe  into  the  outer  vessel  of  the  glue-pot.  The  arrange- 
ment is  extremely  clean,  safe  from  fire,  and  the  degree  of  the  heat  is  very  much 

under  control. 
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npparatu  alone.    This 
:her  made  of  iron  \vith  a  very  wide  and   thin  pane,  or  more 

a  piece  of  wood  from  three  to  four  inches  square, 

with  :i  round  handle  projecting  from  the  center  ;  the  one  edge  of 
in  ad  is  sawn  down  for  the  insertion  of  a  piece  of 

i   iron  or  steel,  that  projects  about  one  quarter  of  an  inch, 
edge  of  which  is  made  very  straight,  smooth,  and  round  ;  and 

side  of  the  square  wooden  head  of  the  veneering 
hammer  is  rounded,  to  avoid  its  hurting  the  hand. 

-able  and  both  sides  of  the  veneer  having  been  toothed, 
the  surface  of  the  table  is  warmed,  and  the  uutrr  face  of  the 

nd  the  surface  of  the  table  are  wetted  with  very  thin 
glue,  or  with  a  stiff  size.  The  inner  face  of  the  veneer  is  next 

^lued  ;  it  is  held  for  a  few  moments  before  a  blazing  fire  of  shav- 
to  render  the  glue  very  fluid,  it  is  turned  quickly  down 

upon  the  table,  and  if  large  is  rubbed  down  by  the  outstretched 
hands  of  several  men ;  the  principal  part  of  the  remainder  of 

the  irlue  is  then  forced  out  by  the  veneering  hammer,  the  edge 
of  which  i-  placed  in  the  center  of  the  table,  the  workman  leans 
with  his  whole  weight  upon  the  hammer,  by  means  of  one  hand, 
and  with  the  other  he  wriggles  the  tool  by  its  handle,  and  draws 

it  towards  the  edge  of  the  table,  continuing  to  bear  heavily  upon 
it  all  the  time. 

The  pressure  being  applied  upon  so  narrow  an  edge,  and 
h  is  gradually  traversed  or  scraped  over  the  entire  surface, 

eezes  out  the  glue  before  it,  as  in  a  wave,  and  forces  it  out  at 

the  edge  ;  having  proceeded  along  one  line,  the  workman  returns 
to  the  center,  and  wriggles  the  tool  along  another  part  close  by 
the  side  of  the  former;  and  in  fact  as  many  men  are  generally 

engaged  upon  the  surface  of  the  table  as  the  shop  will  supply, 
or  that  can  cluster  around  it.  The  veneer  is  from  time  to  time 

d  with  the  hot  size,  which  keeps  up  the  warmth  of  the 

glue,  and  relieves  the  friction  of  the  hammers,  which  might 
otherwise,  tear  the  face  of  the  wood. 

.vet  and  warmth  also  render  the  veneer  more  pliable,  and 
it  from  cracking  and  curling  up  at  the  edges,  as  should 
become  chilled  ti.  would  break  from  the  sudden 

bending  i.)  which  it  might  be  subjected,  by  the  pressure  of  the 
hammer  jiM    behind   the  wave  of  glue,  which  latter  would  be 
then  too  stiff  to  work  out  freely,  owing  to  its  gradual  loss  of 
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fluidity;  the  operation  must  therefore  be  conducted  with  all 
possible  expedition. 

The  concluding  process  is  to  tap  the  surface  all  over  with  the 
back  of  the  hammer,  and  the  dull  hollow  sound  will  immediately 

indicate  where  the  contact  is  incomplete,  and  here  the  applica- 
tion of  the  hammer  must  be  repeated ;  sometimes  when  the  glue 

is  too  far  set  in  these  spots,  the  inner  vessel  of  the  glue-pot  or 
heated  irons,  are  laid  on  to  restore  the  warmth.  By  some,  the 
table  is  at  the  conclusion  laid  flat  on  the  floor,  veneer  downwards 

and  covered  over  with  shavings,  to  prevent  the  too  sudden  access 
of  air.  Of  course  the  difficulty  of  the  process  increases  with  the 
magnitude  of  the  work ;  the  mode  is  more  laborious  and  less 
certain  than  that  previously  described,  although  it  is  constantly 
resorted  to  for  the  smaller  pieces  and  strips  of  veneer,  even 

where  the  foregoing  means  are  at  hand.* 

*  The  former  chapters  were  in  type  before  the  Author  was  aware  of  the  existence 

of  two  excellent  papers,  by  A.  Aikin,  Esq.,  F.G.S.,  &c.,  "  On  Timber,"  and  "  On 
Ornamental  Woods,"  read  before  the  Society  of  Arts  in  1831  (see  their  Trans. 
Vol.  L.,  Part  ii.  p.  140-170.)  The  Author  is  very  happy  to  find,  that  so  far  as  the 
present  pages  treat  of  parallel  parts  of  this  extensive  subject,  they  are  in 
general  confirmed  by  Mr.  Aikin,  although  the  construction  of  the  two  papers  is 
entirely  different. 

Mr.  Aikin  adverts  in  a  very  interesting  manner  to  circumstances  relative  to  the 
growth  of  the  tree  in  its  native  forest,  and  the  process  of  seasoning,  &c.,  in  which 

M.  Duhamel's  great  work,  Sur  I  Exploitation  des  Bois,  is  referred  to ;  and  also  to 
the  luxurious  employment  of  ornamental  woods  amongst  the  Romans  as  derived 

from  the  Natural  History  of  Pliny  the  Elder.  (Plin.  Hist.  Nat.  xiii.  29 — xvi.  24-34.) 

"  By  far  the  most  costly  wood  was  procured  from  a  tree  called  citrus,  a  native 
of  that  part  of  Mauritania  which  is  adjacent  to  Mount  Atlas.  In  leaf,  odour,  and 
trunk,  it  resembles  the  female  wild  cypress.  The  valuable  part  is  a  tuber  or  warty 
excrescence,  which,  when  found  on  the  root  and  under  ground,  is  more  esteemed 
than  when  growing  on  the  trunk  or  branches.  When  cut  and  polished  it  presents 
various  figures,  of  which  the  most  esteemed  are  curling  veins,  or  concentric  spots 

like  eyes,  the  former  being  called  tiger-wood,  the  latter  panther-wood." — "  Tables 
of  this  material  appear  to  have  been  first  brought  into  fashion  by  Cicero,  who  is 

said  to  have  given  for  a  single  one  a  million  of  sesterces,  i.  e.  8072J." — Others  of 
these  solid  tables  were  sold  at  greater  prices,  and  one  as  high  as  11,3002. 

"  In  the  time  of  Pliny  the  art  of  veneering  was  a  recent  invention ;  and  he 
descants  in  his  usual  antithetical  way,  on  thus  converting  the  cheaper  into  the  most 
valuable  woods,  by  plating  them  with  these  latter ;  and  of  the  ingenuity  of  cutting 
a  tree  into  thin  slices,  and  thus  selling  it  several  tunes  over.  The  woods  employed 
for  this  purpose  were  the  citrus,  the  terebinth,  various  kinds  of  maple,  box,  palm, 
holly,  ilex,  the  root  of  elder  and  poplar.  The  middle  part  of  a  tree,  he  observes, 
shows  the  largest  and  most  curling  veins,  while  the  rings  and  spots  are  chiefly 
found  near  the  root.  The  veneers,  or  plates,  were  secured,  as  at  present,  by  strong 

glue."— Pages  162-4. 
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CHAPTER  \  I. 

>GUE  OP  THE  WOODS  COMMONLY  USKI>  IV   THIS  o»rXTl:Y. 

SOURCES    PROM    WHENCE  IT    WAS  COLLECTED. 

Is  presenting  this  descriptive  catalogue  of  woods  to  the  reader, 

becomes  tin-  nut  lion's  first  and  pleasing  duty,  to  acknowledge 
valuable  assistance  he  has  received  from  numerous  kind 

,  of  various  pursuits,  acquirements,  and  occupations  ;  to 
t  of  whom  he  has  submitted  the  manuscript  and  rough  proofs 

of  tlu  catalogue,  in  tlu-ir  various  stages  through  the  press,  for 
confirmation  or  correction,  and  which  has  led  to  the  attainment 

of  numerous  valuable  additions,  or  he  may  say,  the  major  part 
of  its  contents. 

Amongst  those  to  whom  he  is  thus  indebted,  he  has  to  raen- 
witli  gratitude,  the  following   naturalists  and  travellers, 

&c. :  namely,  Arthur  Aikin,  Esq.,  late  Secretary  to  the  Society 
of  Arts,   London;  John  Fincham,  Esq.,  Principal  Builder  iu 

lit  i-    Mi    -'y's  Dockyard,  Chatham  ;  Colonel  G.  A.  Lloyd,  Her 

'*.    Surveyor-General  of  the  Mauritius;    G.  Loddiges, 
;  John  Macneil,  Esq.,  Civil  Engineer ;  John  Miers,  Esq., 

:  resident  in  the  Brazils  ;  and  also  W.  Wilson  Saunders,  Esq., 
Colonel  Sir  James  Sutherland,  and  Colonel  Sykes,  all  three  of 

tin-    Kast    India  Company's    Service.     The  author  is   likewise 
indebted,  in  u  .similar  manner,  to  the  following  wood-merchants, 
manufacturers,  and  others,  Messrs.  Bolter,  Cox, Edwards,  Faunt- 

|iies,  K ussell,  Saunders,  Seddons,  Shadbolt,  &c.,  and  in 
>  degree  to  numerous  others. 

The  extendTe  botanical  notes  interspersed  (in  a  smaller  type), 
iighout  the  list  of  woods,  are  from  the  pen  of  Dr.  Royle,  to 

whom  he  submitted  the  early  proofs  of   the   catalogue,  \»ith  tho 
request  that  he  would  examine  the  botanical  names  so  far  as  he 
had  ht  i  n  able  to  collect  them.     The  unlooked-for  and  careful 

manner  in  which  the  professor  has  executed  this  request,  both 

from  li  -  personal  knowledge,  and  also  by  a  very  laborious  com- 
-ou  of  the  scattered  remarks  in  various  works  on  botany  and 

VOL.  L  r 
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natural  history,  contained  in  his  select  library,  will  be  duly 

appreciated  by  those  interested  in  the  natural  history  of  the 
subject,  or  in  the  search  for  the  woods  themselves  in  their 
various  localities,  whether  for  the  purpose  of  science  or  commerce ; 

and  from  the  mode  adopted,  the  one  or  the  other  part  of  the 
catalogue  may  be  separately  consulted. 

To  attain  the  means  of  comparing  the  descriptions  with  the 
woods  themselves,  the  author  has  procured  a  quantity  of  most 
of  the  woods,  those  employed  in  turning  especially,  from  which 

he  has  cut  his  own  specimens,  (these  have  been  kindly  aug- 
mented by  several  of  the  friends  before  named),  and  he  has 

been  fortunate  in  having  purchased  a  very  fine  cabinet  of  seven 
hundred  specimens,  collected  by  a  German  naturalist,  and 
arranged  with  both  the  Linnean  and  German  names;  all  of 

which  specimens  are  open  to  the  inspection  of  those  who  may 
feel  interested  therein. 

Still  further  to  test  the  descriptions  in  the  catalogue,  he  has 
also  carefully  examined  a  variety  of  museums  and  collections, 
from  which  scrutiny  it  would  have  been  an  easy  task  to  have 
extended  this  list  in  a  considerable  degree,  by  the  introduction 

of  the  names,  localities,  and  descriptions  of  a  variety  of  well- 
authenticated  specimens  of  woods,  apparently  useful ;  but  he  has 
purposely  endeavoured  to  keep  himself  within  the  strict  limits 
called  for  by  this  work,  in  noticing  those  woods  only  which  are 
used  in  England,  and  that  may  in  general  be  procured  there. 

For  the  use  of  those  who  may  desire  to  follow  this  interesting 
subject  with  other  views,  the  names  of  the  several  museums  that 

have  been  kindly  laid  open  to  his  inspection,  and  a  slight  notice 
of  their  contents,  are  subjoined  in  a  note. 

Many  of  the  remarks  on  the  Timber  Woods  are  derived  from 

that  excellent  work  before  named,  "  Tredgold's  Elements  of  Car- 

pentry :"  all  the  French  books  on  turning,  enumerated  in  the 
introduction,  have  been  consulted,  besides  those  referred  to  in 
the  various  notes,  and  some  others ;  and,  in  fact,  the  author  has 
spared  no  pains  to  obtain  the  most  authentic  information  within 

his  reach,  but  upon  a  subject,  pronounced  by  those  who  have 

paid  attention  to  it,  to  be  so  boundless  and  confessedly  difficult, 
it  is  necessary  to  ask  a  lenient  judgment,  and  the  kind  notice  and 

communication  of  any  inaccuracies  that  may  inadvertently  exist, 
notwithstanding  his  efforts  to  the  contrary. 
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-  indeed  a  matter  of  great  and  real  regret,  that  upon  a 
subject  of  general  importance,  there  should  in  many  respects 
be  such  a  scarcity  of  exact  and  available  information.  The  t 
names  and  Idealities  of  some  of  the  most  familiar  woods,  are 

either  unknown  or  enveloped  in  considerable  doubt;  in  many 
cases  we  have  only  the  commercial  names  of  the  woods,  and  a 

vague  notion  of  their  localities  ;  in  others  we  have  authenticity 
as  to  their  locality  and  their  native  names ;  and,  lastly,  we  have 

also  \er\  «  \t(  IIM\C  lists  and  descriptions  of  woods  in  botanical 
works,  and  in  the  writings  of  travellers,  but  these  three  nomen- 

clatures are  often  incompatible,  and  admit  of  surmise  only,  rather 

than  strict  and  satisfactory  comparison,  which  drawback  was 
ugly  experienced  by  Dr.  Royle  in  collecting  the  notes  attached 

to  the  catalogue. 

This  deficiency  arises  from  the  little  attention  that  has  been 

given  to  the  scientific  part  of  the  subject  by  naturalists  and 

travellers,  and  from  the  arbitrary  manner  in  which  the  commer- 
cial names  are  fixed,  often  from  some  faint  and  fancied  resem- 

blance *,  sometimes  from  the  port  whence  the  woods  are  shipped, 

or  rather  from  that  whence  the  vessel  "  cleared  out,"  or  ob- 
tained her  official  papers;  as  it  frequently  happens,  that  the 

woods  are  picked  up  at  different  points  along  the  coast,  the 
names  even  of  which  places  cannot  be  ascertained,  much  less 
those  of  the  inland  districts  or  territories  in  which  the  woods 

actually  grew. 
iralists  and  travellers,  and  also  merchants  residing  abroad, 

would  therefore  confer  a  great  benefit,  not  only  on  science,  but 

likewise  on  the  arts,  by  correcting  our  knowledge  on  these  points. 

This  might  be  done  by  transmitting  along  with  specimens  col- 
il  on  the  spot,  the  exact  particulars  of  their  locality,  and  of 
-oil ;  their  relative  abundance,  native  names,  and  uses  f-    I " 

*  The  Romans  had  their  tiger  and  panther  woods,  namely  the  pieces  of  citrus, 
marked  with  ttrlpt*  or  rpott  (tee  note,  p.  64  ;)  the  moderns  have  partridge,  make, 
porcupine,  zebra,  and  tulip  woods,  and  others.  See  the  Catalogue. 

f  The  specimens  should  be  stamped  with  numbers,  aa  a  mode  preferable  to 
affixing  labels,  and  it  should  be  noted  whether  the  tree  from  which  it  was  cut 
were  of  superior,  average,  or  inferior  quality,  and  also  its  BUM.  It  would  be  still 
better  to  collect  three  or  four  samples  from  different  trees,  and  the  transverse 
sections  especially  those  with  the  bark  would  be  highly  characteristic. 

The  trouble  of  preparing  the  notes  to  accompany  the  specimens,  would  be 
greatly  diminished  by  the  employment  of  a  tabular  form,  on  the  model  of  that 

adopted  at  Lloyd's  Registry,  described  in  the  note,  page  69. r  2 
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cases  of  doubt  as  to  their  true  botanical  names  (by  which  alone 

their  identity  can  be  ensured  for  future  years),  then  some  of  the 
leaves,  fruits,  flowers,  &c.,  should,  if  possible,  be  preserved,  by 
which  their  species  might  be  afterwards  exactly  determined  by 
those  possessed  of  the  requisite  knowledge  of  the  vegetable 
kingdom. 

This  would  also  be  important  in  a  commercial  point  of  view, 
as  numerous  woods,  of  which  small  quantities,  perhaps  one  single 
importation, have  been  received,  might  be  again  procured,  whereas 
they  are  now  unattainable,  from  the  absence  of  these  particulars. 

Latitude  exerts  a  general  influence  in  the  distribution  of  the 
woods,  but  it  must  be  remembered  that  alone  it  is  insufficient 

to  limit  the  locality ;  it  must  be  viewed  in  connexion  with  the 
elevation  of  the  land ;  for  even  under  the  equator,  as  we  ascend 

the  mountains,  the  products  of  the  temperate  and  even  the  frigid 
zones  are  met  with,  as  Nature  appears  to  set  no  bounds  to  her 
liberality  and  munificence. 

MUSEUMS,  ETC.,  CONSULTED. 

THE  ADMIRALTY  MUSEUM,  Somerset  House,  which  is  principally  due  to  the  super- 

intendence of  Sir  "William  Symonds,  the  Surveyor-General  of  the  Navy,  is  very 
rich  in  specimens  of  woods.  It  contains  the  foundation  of  a  fine  collection  with 

their  foliage,  acorns,  cones,  and  other  seed-vessels,  &c. ;  at  present  the  oaks  and 
firs  are  the  most  complete :  there  are  also,  from  Brazil,  56  specimens ;  from 
Australia,  13 ;  and  from  New  Zealand,  40 ;  all  with  native  names  and  foliage.  And 
the  following  woods,  with  native  names,  from  various  contributors. 

N.  America,  30,  CaptC.  Perry,  U.S.N. 

Cuba,  168,   Tyrie,  Esq. 
Jamaica,  100,  Capt.  T.  M.  C.  Symonds, 

R.N. 

Brazil,  140,  S.  Morney,  Esq.,  Engineers. 

Brazil,  152,  Mr.   . 
Malabar,  25. 

Java,  83. 

Australia,  25,  Sir  Thomas  Mitchell. 

Norfolk  Island,  16,   Leslet,  Esq. 

This  fine  museum  also  includes,  amongst  others  not  specified,  sets  of  specimens 

from  the  different  Government  dock-yards,  of  the  timbers  used  respectively  therein. 
Many  of  the  specimens  are  worked  into  cubes  and  blocks  of  similar  size,  and  their 
several  weights  are  marked  upon  them. 

There  are  also  84  pieces  from  the  "  Gibraltar"  of  80  guns,  launched  in  1751,  and 
recently  broken  up  :  these  are  intended  to  show  the  durability  of  the  woods. 

EAST  INDIA.  HOUSE. 

Indian  woods,  117  kinds,  in  the  form  of  books,  about  half  with  their  native  names. 

Indian  woods,  from  Dr.  Roxburgh ;  large  pieces  of  the  principal  kinds. 
Indian  and  Himalayan  woods,  from  Dr.  Wallich  ;  457  specimens. 
Java  woods,  100  kinds,  presented  by  Dr.  Horsfield. 

ASIATIC  SOCIETY. 

Ceylon  woods,  255  specimens,  with  their  native  names,  and  alphabetical  catalogue. 
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Travanooro,  110,  with  native  IUUU«M.  Lieut.-CoL  J.  M.  Frith,  Madras  Artil.,  C.B. 
v  Zealand  and  New  South  Wain,  30,  K.  Cunningham,  Esq.,  Bot  QanL,  Sydney. 

Ceylon,  31,  names  in  the  native  character,  from  Captain  Chapman,  RA. 

Jamaica,  80,  Name*  principally  KngHA,  from  Lieut  J.  Orignon,  37th  Rogt 
Jamaica,  31  large  handsome  polished  specimens,  Capt  Ethclred  Hawkins,22ndRegt 

SOCIKTT  or  ARTS. 

iian  woods,  a  duplicate  set  of  Dr.  Wallich's  collection,  namely,  457  specimens 
enumerated  in  the  Tran«.  of  the  S»«-i«-ty,  Vol.  48,  Part  2,  pp.  439  —  479. 

lia,  various  parts.  Cape  of  Good  Hope,  Pitcairn's  Islands,  Ac.,  452  specimens, 
Captain  H.  C.  Baker,  Bengal  Art.  Ac.  See  Trans.  Vol.  50,  Part  2,  pp.  173—189. 

LLOYD'S  REGISTRY  or  SHIPPINO. 
160  specimens  of  ship-building  woods,  oaks  the  most  numerous,  next  firs,  pines, 

and  elms.  They  are  accompanied  by  a  list  which  contains  seven  columns, 

respectively,  headed  "Stamped  number  on  Specimen,  Name  of  Wood,  Place  of 

Growth,  Soil,  Durable  or  otherwise,  Purpose  for  which  used,  Remarks." 
PRIVATE  COLLECTIONS  or  SPECIMENS. 

..•ham's  contains  most  of  those  woods  in  the  subjoined  list,  generally  in 
sections,  with  their  specific  gravities  and  relative  degrees  of  strength.*     Also 
Nova  Scotia,  8  ;  Rio  Janeiro,  11  ;  Isle  of  France,  34  ;  Malabar,  19  ;  Ceylon, 

59  ;  New  South  Wales,  14  ;  Van  Diemen's  Land,  6  ;  New  Zealand,  17  ;  all  with 
native  names,  brought  over  direct  by  the  captains  of  Government  ships. 

O.  Loddiges,  Esq.,  F.L.S.,  F.H.S.,  F.Z.S.,  Ac.,  has  a  fine  cabinet     Of  the  woods 
of  Europe,  100;  Jamaica,  100;  Brazils,  250;  Chili,  45;  Sierra  Leone,  20;  East 

•«,  25  ;  South  Seas,  33  ;  all  with  native  names  ;  and  25  from  China,  marked 
in  that  character.     Also  about  100  commercial  and  dye  woods,  and  not  less  than 
1000  from  all  parts  of  the  globe  not  yet  prepared  for  his  cabinet. 

J.  Micro,  Esq.,  F.L.S.,  Ac.,  has  75  Brazilian  specimens,  collected  by  himself  on 
the  spot 

\V    Wilson  Saundcrs,  Esq.,  F.L.S.,  Ac.:  Brazilian,  70;  Grecian,  17;  British, 
arious  localities,  65. 

Mexico.  Dr.  Coulter,  M.D.,  M.R.I.A.,  Hon.  FeL  Col.  Phys.,  Hon.  Fel.  Roy. 
Dub.  Soc.  Ac.,  has  collected  800  specimens  in  Mexico,  788  with  the  leaf,  flower, 
and  sometimes  the  fruit  They  have  been  presented  by  him  to  Trinity  College, 
Dublin.  These  I  have  not  seen. 

Isthmus  of  Panama.  See  Colonel  G.  A.  Lloyd's  Notes  and  Catalogue  of  Woods, 
Trans.  Royal  Geog.  Soc.,  Vol.  I.,  p.  71. 

Woodt  vaed  in  our  Government  Yard*. 

OAKS.  —  English.     Adriatic.     Italian.    Sussex.     New  Forest    Canada,  white  and 
red.     Pollard.     Istrian.     Live-oak.    African.     And  also  Teak. 

Prscs.  —  Yellow.     Red.     Virginian  Nil  red.     Pitch-pine.    Riga. 
FIBS.  —  Norway  and  American  Spruce  fir.     Dantzic  and  Adriatic  fir. 

•IKS.—  HackmeUck.     Polish.     Scotch.     Italian,  1.  2.  3.    AthoL    Cowdie,  or 
New  Zealand  Larch. 

CEDARS.  —  Cuba,    Lebanus.    New  South  Wales  and  Pencil  cedar. 

ELMS.  —  English  and  Wych  elm. 

MISCELLANEOUS  WOODS,  used  in  small  quantities.—  Rock  Elm.      English   and 

American  ash.      I'.in-h,  Mack  and   white.      Beech.     Hornbeam.     Hickory. 
Mahogany.    Lime-  tree.    Poon-wood,  and  Lignum-vito,  Ac. 
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OF  THE  WOODS  COMMONLY  USED  IN  THIS  COUNTRY. 

FOR  BUILDING. FOR  TURNERY. FOR  FURNITURE. MISCELLANEOUS 
PROPERTIES. 

fftip-building. Common  woods  for Common  Furniture 
Cedars. toys:  softest. and  inside  works. 

Elasticity. 

Deals. Alder. Beech. Ash. 

Elms. 
Aps. 

Birch. Hazel. 
Firs. 

Beech    \        ,, Cedars. 
Hickory. 

Larches. 

Birch     )8ma
lL 

Cherry-tree. 
Lancewood. 

Locust. Sallow. Deal. S.  Chesnut,  small. 
Oaks. Willow. Pines. Snakewood. 

Teak,  &c.  &c. 
Best  woods  for Best  Furniture. 

Yew. 

Wet  works,  as  piles, 
foundation*,  &c. 

Alder. 
Beech. 
Elm. 
Oak. 
Plane-tree. 

Tunbridge  ware. Holly           1 
H.  Chesnut  L^£ 

Sycamore     J 
Apple-tree  1  , Pear-tree      lj£S 
Plum  tree    J 

Amboyna. 
Black  Ebony. 

Cherry-tree. 
Coromandel. 
Mahogany. 

Maple. 
Oak,  various  kinds. 
Rose-  wood. 

Inelasticity  and 

toughness. Beech. Elm. 

Lignum-vitse. Oak. 

Walnut. 

White  Cedar. 

House-carpentry. 

Hardest  English 
woods. 

Beech,  large. 

Satin-wood. 
Sandal-wood. 
Sweet  Chesnut. 

Even  grain,  proper 

for  Carving. Lime-tree. 
Deals. Box. Sweet  Cedar. Pear-tree, 
Oak. Elm. 

Tulip-wood. Pine. Pines. Oak. Walnut. 
Sweet  Chesnut. Walnut. Zebra-  wood. Durability  in  dry 

works. 
Cedar. 
Oak. 

FOE  MACHINERY  AND 
MILL-WORK, 

Foreign  Hardwoods,  several  of  which  are 
only  used  for  Ornamental  turnery. 

Poplar. Sweet  Chesnut. 
Yellow  Deal. 

Frames,  <kc. 
Ash. 

Amboyna. 
Beef-wood. 

Mahogany.:}: 

Maple. Colouring  Matter. 

1  >  '  '  *  '  <  '  1  1  . Black  Bot.  B-wd.*+ 
Mustaiba. 

Red  Dyes. 

T>            '1 Birch. 
Deals. 
Elm. 
Mahogany. /~\0i_ 

Black  Ebony  .J 
Box-wood.  t+ 
Brazil-wood. 
Braziletto. 

Bullet-wood.*f 

Olive-tree  and  root. 
Palmyra. 

Partridge-wood. Peruvian. 
Princes-wood. 

Brazil. 
Braziletto. 
Cam-wood. 

Log-wood. Nicaragua. 
uaK. 
Pines. Cam-wood.  + 

Cocoa-wood.  t£ 
Purple-wood. 
Red  Sanders. 

Red  Sanders. 

Sapan-wood. 
Rollers,  <L-c. Box. 

Lignum-vitse. 

Coromandel. 
Green  Ebony.:}: 
Greenhcart. 

Rosetta. 
Rose-wood.:}: 
Sandal-wood. 

Green  Dye. 
Green  Ebony. 

Mahogany. Grenadillo.J Satin-wood.:}: Yellow  Dyes. 

Teeth  of  Wheels,  Ac. Iron-wood. 
Snake-wood.* 

Fustic. 

Crabtree. 
King-wood.* Tulip-wood.* 

Zante. 
Hornbeam. Lignum-vita).J Yacca-wood. 

Bbuo« 

Locust. 
LocustJ 

Zebra-wood. 

r"  (  ;((. 

Camphor-wood. 
Foundry  patterns. •  Frequently  scarce. 

Cedar. 
Alder. t  Generally  close,  li.ird,  even  tinted,  and  the Rose-wood. 
Deal. more  proper  for  excentric  turning,  but  others Saudal-wood. 
Mahogany. 
Pine. 

may  also  be  employed. 
t  (ii-ncrnlly  abundant,  and  extensively  used. 
All  the  woods  may  be  used  for  plain  turning. 

Satin-wood. 
Sassafras. 
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DESCRIPTIVE   CATALOGUE 

or  THE 

(  HARACTERS  AND  USES  OF  THE  WOODS 

COMMONLY   EMPLOYED    IX    THIS    COUNTRY 

FOK  TBB 

MECHANICAL  AND  ORNAMENTAL  ARTS. 

Y  l'..— The  botanical  name*,  the  notes  printed  in  a  mailer  type  and  the  article*  marked  with  an 
asterisk,  hare  been  added  by  Dr.  Boyle,  M.D.,  P.K.S.,  L.S.,  &  G.8.,  &c.  Sus.,  of  the  Eart 

India  House,  Professor  of  Materia  Medica  and  Therapeutics,  King1*  College,  London. 

K.     See  POPLAR. 

ACACIA,  true.  The  Acacia  proximo  Mordi,  A.  Guillard's  MSS.,  called  in  Cuba, 
Saliicii,  and  in  England  Savico  and  Savacu,  is  a  heavy  durable  wood  of 

the  red  mahogany  character,  but  rather  darker  and  plainer ;  it  is  highly 

esteemed  in  ship-building. 
In  the  Admiralty  Museum  the  leaves,  Ac,  of  this  tree  are  to  be  seen,  and 

also  specimens  of  the  original  timbers  of  the  "  Gibraltar,"  of  80  guns, 
launched  in  1751,  some  of  the  wood  of  which  is  now  in  such  perfect  con- 

dition that  Sir  W.  Symonds  intends  to  use  the  old  keel  of  the  "  Gibraltar," 
(made  of  Savico,)  for  that  of  a  new  frigate. 

The  true  acacia*  are  found  in  warm  parts  of  the  world,  and  yield  valuable  though 
usually  small  timber,  which  U  remarkable  for  being  hard  and  tough,  as  Acacia 
toriuota,  called  Caahaw  tree  in  the  West  Indies.  On  the  wwt  coast  of  Africa, 
Acacia  rrrrk  has  rery  hard  white  wood,  as  well  as  other  species.  A.  mttaitoffUm, 
Black  wattle  tree  and  Black  wood,  and  A.  decurrent,  Green  wattle,  occur  in  New 
Holland. 

In  India  Acacia  arabira  and  famttiana  commonly  called  tntbool  A.  tpteltm, 
and  A.  MM**,  yield  timber  valued  for  different  purposes.    Many  of  these  trees 
r\  i  !«   *."i:n.  .ii. 'i  •:.»  :r  S.irk  ;.*  t  :i.i>'..'\<-'l  .n  '..ii;n;n»?  Vu!!i<  r. 

LCIA,  false,  the  common  acacia  or  locust-tree.    Set  LOCUST-TREK. 
ICAN  BLACKWOOD.    See  BLACK  BOTAST  BAY  WOOD. 

.  I  /MM  gl*ti*o*a,)  Europe  and  Asia.  There  are  other  species  in  N.  America 

and  the  Himalayas.  The  common  alder  seldom  exceeds  40  ft  in  height,  is 

very  durable  under  water,  and  was  used  for  the  piles  of  the  Rialto  at 

Venice,  the  buildings  at  Itaveuno,  &c. :  the  wood  is  also  much  used  for 

pipes,  pumps,  and  sluices.  The  colour  of  alder  is  reddish-yellow  of  different 
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shades,  and  nearly  uniform ;  the  wood  is  soft,  and  the  smaller  trees  are 

much  used  for  inferior  turnery,  as  tooth-powder  boxes,  common  toys, 
brushes,  and  bobbins,  and  occasionally  for  foundry  patterns.  The  roots 

and  knots  a"re  sometimes  beautifully  veined,  and  used  in  cabinet-work. 
The  charcoal  of  the  alder  is  employed  in  the  manufacture  of  gunpowder. 

ALOES-WOOD.    See  CALEMBEO. 

ALMOND-TREE,  (Amygdalus  communis,)  is  very  strongly  recommended  by 
Desormeaux,  as  being  hard,  heavy,  oily  or  resinous,  and  somewhat 

pliable ;  he  says,  the  wood  towards  the  root  so  much  resembles  lignum 

vitce,  as  to  render  it  difficult  to  distinguish  between  them.  It  is  sometimes 

called  false  lignum-vitce,  and  is  used  for  similar  purposes ;  as  handles,  the 
teeth  and  bearings  of  wheels,  pulleys,  &c.,  and  any  work  exposed  to  blows 

or  rough  usage.  It  is  met  with  in  the  South  of  Europe,  Syria,  Barbary,  &c. 

The  wood  of  the  bitter  almond,  grown  in  exposed  rocky  situations,  is 

preferred. 

AMBOYNA-WOOD.     See  KIABOOCA-WOOD. 

ANGICA-WOOD.    See  CANGICA-WOOD. 

APS.    See  POPLAR. 

APPLE-TREE,  (Pyrus  Malut).  The  woods  of  the  apple-trees,  especially  of  the 

uncultivated,  are  in  general  pretty  hard  and  close,  and  of  red-brown  tints, 

mostly  lighter  than  the  hazel-nut.  The  butt  of  the  tree  only  is  used ; 
it  is  generally  very  straight  and  free  from  knots  up  to  the  crown,  whence 

the  branches  spring.  The  apple-tree  splits  very  well,  and  is  one  of  the 
best  woods  for  standing  when  it  is  properly  seasoned :  it  is  very  much 

used  in  Tunbridge  turnery,  for  bottle-cases,  &c. :  it  is  a  clean-working 

wood,  and  being  harder  than  chesnut,  sycamore,  or  lime-tree,  is  better 
adapted  than  they  are  for  screwed  work,  but  is  inferior  in  that  respect  to 

pear-tree,  which  is  tougher.  The  millwright  uses  the  crab-tree  for  the 
teeth  of  mortise-wheels. 

APRICOT-TREE,  (Ai-meniaca  vulgaris,)  a  native  of  Armenia,  is  mentioned  in 
all  of  the  French  works  on  turning,  beginning  with  Bergeron,  (1792,)  who 

says,  the  wood  of  the  apricot-tree  is  very  rarely  met  with  sound,  but  that  it  is 
agreeably  veined,  and  better  suited  to  turning  than  carpentry.  He  elsewhere 

very  justly  adds,  that  we  are  naturally  prejudiced  in  favour  of  those  trees, 

from  which  we  derive  agreeable  fruits,  and  expect  the  respective  woods  to  be 

either  handsome  in  appearance,  or  agreeable  in  scent,  but  in  each  of  which 

expectations  we  are  commonly  disappointed :  this  applies  generally  to  the 

orange  and  lemon  trees,  and  we  may  add,  to  the  quince,  pomegranate  and 

coffee  trees,  the  vine,  and  many  others  occasionally  met  with,  rather  as 

objects  of  curiosity,  than  as  materials  applicable  to  the  arts. 

•ARBOR  VITyE.  The  different  species  of  Thuja,  are  called  Arbor  vita,  and  are 
chiefly  found  in  North  America  and  China.  T.  ocddentalis,  or  American 

Arbor  vita,  attains  a  height  of  from  40  to  50  feet,  and  has  reddish-coloured, 
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somewhat  odorous,  very  light,  soft  and  fine-grained  wood.    It  is  softer  than 
white  pine,  and  much  used  in  houM  carpentry,  and  also  for  fence*. 

The  Chinese  ̂ r**r  ri/*.  or  T.  onmtallt,  U  smaller.  bat  the  wood  U  haidsr.  T.  arU. 
ewlat*,  •  native  of  the  north  coast  of  Africa,  to  UM  .4/«re»  of  UM  Moon,  and  WM 
employed  la  UM  woodwork  of  UM  mo*que,  now  UM  cathedral,  of  Cordova,  UM 
plant  U  BOW  called  CallUru  fwxinWru. 

ASH,  (FroxiHia  acccl*a;)  Europe  and  North  of  Asia  ;  mean  size,  38  ft  long  by 

23  in.  diam.,  sometime*  much  larger.  The  young  wood  U  brownish-white 

with  a  shade  of  green  ;  Che  old,  oak-brown  with  darker  veins.  Some  speci- 
mens from  Hungary  with  a  zigzag  grain,  and  some  of  the  pollards,  are  very 

handsome  for  furniture. 

Ash  is  superior  to  any  other  British  timber  for  its  toughness  and  elas- 
ticity ;  it  is  excellent  for  works  exposed  to  sudden  shocks  and  strains,  as  the 

frames  of  machines,  wheel-carriages,  agricultural  implements,  the  felloes 
of  wheels,  and  the  inside  work  *>f  furniture,  Ac.  The  wood  is  split  into 

pieces  for  the  springs  of  bleachers'  rubbing  boards,  which  are  sometimes 
40  feet  long  ;  also  for  handspikes,  billiard  cues,  hammer  handles,  rails  for 

chairs,  and  numerous  similar  works,  which  are  much  stronger  when  they 
follow  the  natural  fibre  of  the  wood. 

Ash  is  too  flexible  and  iusufficiently  durable  for  building  purposes  ;  the 

young  branches  serve  for  hoops  for  ships'  masts,  tubs,  churns,  &c. 
Several  spade*  are  found  in  North  America  :  of  these  it  is  thought  that  the  White 

A»h,  or  Fraxinut  americana,  come*  the  nearest  in  quality  of  wood  to  the  common 
ash.  P.  Jloribunda  and  zanthoxyloidn  are  two  aches  found  in  the  Himalaya*. 

Fraxinut  ornut  produce*  manna.  Fraxintu  txcelia  produces  a  manna  somewhat 
similar. 

ASH,  the  MOUXTAIX  ASH,  or  Quicken  or  Rowan  tree,  Pynu  Aatvparia,  grown  la 
almost  every  soil  or  situation,  has  fine-grained  hard  wood,  which  may  be  stained  of 
any  colour,  and  takes  a  high  polish,  and  U  applied  to  the  same  purposes  as  the 
wood  of  the  beam  and  service  trees.  See  SEBVICT.-TB.KS. 

ASPEN.    See  POPLAR. 

BARBERRY  WOOD,  (Btrberit  vulgaru,)  is  of  small  size,  generally  about  4  in. 

diam.  ;  the  rind  is  yellow,  and  about  half  an  inch  thick  :  the  wood  resembles 

elder,  and  is  tolerably  straight  and  tenacious. 

BAR-  WOOD,  Africa.  Two  kinds  are  imported  from  Angola  and  Gaboon  respec- 
tively. in  split  pieces  4  to  5  ft  long,  10  to  12  in.  wide,  and  2  to  3  in.  thick. 

It  is  used  as  a  red  dye-wood,  the  wood  is  dark-red,  but  the  dye  rather  pale  ; 
it  is  also  used  for  violin  bows,  ramrods,  and  turning. 

BAT-TREE.  The  sweet  bay-tree,  (Launu  «oi«7u,)  a  native  of  Italy  and  Greece, 
grows  to  the  height  of  30  feet,  and  is  an  aromatic  wood.  It  is  the  laurel 

that  WM  used  by  the  ancients  for  their  military  crowns. 

II  Only  one  species,  (Pagta  tyltatica,)  is  common  to  Europe  ;  in  England 
the  Buckinghamshire  and  Sussex  beech  are  esteemed  the  best.  Mean 

dimensions  of  the  tree,  44  ft  long  and  27  in.  diam.  The  colour,  (whitish- 
brown,)  is  influenced  by  the  soil,  and  is  described  as  white,  brown,  and 
black.  (Trtdy 

Beech  is  used  for  piles  in  wet  foundations,  but  not  for  building;  it  is  excel- 
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lent  from  its  uniform  texture  and  closeness  for  in-door  works,  as  the  frames 

of  machines,  common  bedsteads  and  furniture ;  it  is  very  much  used  for 

planes,  tools,  lathe-chucks,  the  keys  and  cogs  of  machinery,  shoe-lasts, 

pattens,  toys,  brushes,  handles,  &c.  Carved  moulds  for  the  composition 

ornaments  of  picture-frames,  and  for  pastry,  and  large  wooden  types  for 

printing,  are  commonly  made  of  beech :  the  wood  is  often  attacked  by  worms, 

when  stationary  as  in  framings,  but  tools  kept  in  use  are  not  thus  injured. 

Beech  is  stained  to  imitate  rose-wood  and  ebony,  and  it  is  considered 

to  be  almost  chemically  free  from  foreign  matters ;  for  example,  the 

glass-blowers  use  the  wood  almost  exclusively  in  welding,  or  fusing  on,  the 

handles  of  glass  jugs,  which  process  fails  when  the  smallest  portion  of  sulphur, 

&c.,  is  present :  oak  is  next  in  estimation  for  the  purpose. 

The  -white  beech  of  North  America,  F agus  tyhestris,  is  by  some  thought  to  be  iden- 
tical with  the  common  beech,  but  the  wood  is  little  valued  in  America ;  the  bark 

however  is  employed  in  tanning. 

BEEF-WOOD.  Red-coloured  woods,  are  sometimes  thus  named,  but  it  is  generally 

applied  to  the  Botany-Bay  oak — which  see. 

BIRCH- WOOD,  a  forest  tree  common  to  Europe  and  North  America ;  the  finest 

is  imported  from  Canada,  St.  John's,  and  Pictou.  It  is  an  excellent  wood 

for  the  turner,  being  light-coloured,  compact,  and  easily  worked :  it  is  in 

general  softer  and  darker  than  beech,  and  unlike  it  in  grain. 

Birch-wood  is  not  very  durable,  it  is  considerably  used  in  furniture ;  some 

of  the  wood  is  almost  as  handsomely  figured  as  Honduras  mahogany,  and 

when  coloured  and  varnished,  is  not  easily  distinguished  from  it.  The 

bark  of  the  birch-tree  is  remarkable  for  being  harder  and  more  durable 

than  the  wood  itself,  amongst  the  Northern  nations  it  is  used  for  tiles  for 

roofs,  for  shoes,  hats,  &c.,  and  in  Canada  for  boats.  The  Russians  employ 

the  tan  of  one  of  the  birch-trees  to  impart  the  scent  to  Russia  leather, 

which  is  thereby  rendered  remarkably  durable.  The  inner  bark  is  used  for 

making  the  Russia  mats. 

The  English  birch  is  much  smaller  than  the  foreign,  and  lighter  in  colour ; 

it  is  chiefly  used  for  common  turnery.  Some  of  the  Russian  birch,  (called 

Russian  maple,)  is  very  beautiful  and  of  a  full  yellow  colour. 

Betula  alba  is  the  common  birch  of  Europe,  and  the  most  common  tree  throughout 
the  Russian  empire.  The  Russian  maple  of  commerce  is  thought  to  be  the  wood  of 
the  birch.  Betula  lenta,  mahogany  birch  and  mountain  mahogany,  of  America, 
has  close-grained,  reddish-brown  timber,  which  is  variegated  and  well  adapted  to 
cabinet-work.  It  is  imported  in  considerable  quantities  into  England  under  the 
name  of  American  birch. 

Betula  excelta  ;  tall,  also  called  yellow  birch,  has  wood  much  like  the  last,  and  B. 
nigra,  or  black,  is  also  much  esteemed.  B.  papyracea,  paper,  or  canoe  birch,  is 
employed  by  the  North  American  Indians  in  constructing  their  portable  canoes. 
B.  Bhojputtra  is  a  Himalayan  species,  of  which  the  bark  is  used  for  writing  upon 
and  for  making  the  snakes  of  hookahs. 

BITTER-NUT  WOOD,  a  native  of  America,  is  a  large  timber  wood  measuring 
30  inches  when  squared,  plain  and  soft  in  the  grain,  something  like  walnut. 

Juglaiu  amara,  white  or  swamp  Hickory  or  Bitter-nut,  and  J.  aquatica,  or  water 
bitter-nut  hickory,  arc  probably  the  trees  which  yield  this  wood. 

BLACK   BOTANY-BAY   WOOD,  called  also  African  Black-wood,  is   perhaps 
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the  hardest,  and  al*o  the  most  waatoful  of  all  the  woods ;  the  billot*  are 

wry  knotty  and  crooked,  and  oorered  with  a  thick  rind  of  the  colour  and 

hardness  of  boxwood;  the  aection  of  the  heart-wood  is  very  irregular, 
and  mostly  either  indented  from  without,  or  hollow  and  unsound  from 

within ;  many  of  the  piece*  hare  the  irregular  scrawling  growth  that  is  ob- 

served in  the  wood  of  the  vine.  The  largest  stem  of  Black  Botany-Bay  wood 

I  have  ever  seen,  measured  transversely  eleven  inches  the  longest  and  seven 

and  a  half  the  shortest  way,  but  it  would  only  produce  a  circular  block  of 

five  inches,  and  this  is  fully  two  or  three  times  the  ordinary  size. 

The  wood,  when  fresh  cut,  is  of  a  bluish-black,  with  dark-grey  streaks, 
but  soon  changes  to  an  intense  jet  black  ;  of  the  few  sound  pieces  that  are 

obtained,  the  largest  may  perhaps  be  five  inches,  but  the  majority  lees  than 

two  inches  diameter.  It  is  most  admirably  suited  to  ezcentric  turning,  as 

the  wood  is  particularly  hard,  close,  free  from  pores,  but  not  destructive  to 

tho  tools,  from  which,  when  they  are  in  proper  condition,  it  receives  a  bril- 

liant polish.  It  is  also  considered  to  be  particularly  free  from  any  matter 

that  will  cause  rust,  on  which  account  it  is  greatly  esteemed  for  the  handles 

of  surgeons'  instruments. 
The  exact  locality  of  this  wood  has  long  been  a  matter  of  great  uncer- 

tainty. It  has  been  considered  to  be  a  species  of  African  ebony,  but  its 

character  U  quite  different  and  peculiar;  I  have  however  recently  heard  from 

two  independent  sources,  that  it  comes  from  the  Mauritius,  or  Isle  of  France. 

Col.  Lloyd  says  the  wood  is  there  called  Cocobolo  prieto;  that  it  is  not  the 

growth  of  the  Mauritius,  but  of  Madagascar,  to  the  interior  of  which  island 

Europeans  are  not  admitted ;  and  that  it  is  brought  in  the  same  vessels  that 

bring  over  the  bullocks,  for  the  supply  of  food.  The  stone-masons  of  the 
country  use  splinters  of  it  as  a  pencil  for  marking  the  lines  upon  their  work; 

it  makes  a  dark  blue  streak  not  readily  washed  off  by  rain. 

I  have  only  met  with  one  specimen  of  this  wood  in  the  numerous  col- 

lections I  have  searched,  namely,  in  Mr.  Fincham's :  he  assures  me  that 
his  specimen  grew  in  Botany  Bay,  and  was  brought  direct  from  thence  with 

several  others,  by  Captain  Woodroffe,  R.N.  As  I  have  recently  purchased 

a  large  quantity  imported  from  the  Mauritius,  it  is  probable  that  this  wood, 

in  common  with  many  others,  may  have  several  localities. 

It  would  be  very  desirable  for  the  amateur  turner  that  the  wood  should 

be  selected  on  the  spot,  and  the  better  pieces  alone  sent,  as  a  large  proportion 

is  scarcely  worth  the  expense  of  shipment,  but  the  fine  pieces  exceed  all 

other  woods  for  excentric-turned  works. 

.  GUM  WOOD.    See  GUM-WOOD. 

BOTANY-BAY  OAK,  sometimes  called  Beef-wood,  is  from  New  South  Wales; 

it  is  shipped  in  round  logs,  from  9  to  14  in.  diam.  In  general  colour  it 

resembles  a  full  red  mahogany  with  darker  red  veins ;  the  grain  is  more 

like  the  evergreen  oak  than  the  other  European  varieties,  as  the  veins  are 

small,  slightly  curled,  and  closely  distributed  throughout  the  whole  BUT&M. 
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BOTANY-BAY  OAK— continued. 

It  is  used  in  veneer  for  the  backs  of  brushes,  Tunbridge  ware,  and  turnery; 

some  specimens  are  very  pretty. 
The  trees  called  oaks  in  New  South  Wales  do  not  belong  to  the  genus  Qturwt,  like 

the  European,  North  American,  and  Himalayan  oaks.  There,  the  tree  called 
Forest  Oak,  is  Casuarina  torulofa ,-  Swamp  Oak,  is  C.  paludosa  ;  He  Oak  is  C.  equi- 
titi/olia  ;  while  C.  stricta  is  called  She  Oak,  and  also  Beef-wood. 

BOXWOOD,  (Buxus  sempervirens,)  is  distinguished  as  Turkey  and  European 

boxwood.  The  former  is  imported  from  Constantinople,  Smyrna,  and  the 

Black  Sea,  in  logs  felled  with  the  hatchet,  that  measure  from  2  to  6  ft  long, 

and  24  to  14  in.  diam.  The  wood  is  yellow  inclining  to  orange ;  it  has  a  thin 
rind  with  numerous  small  knots  and  wens ;  some  of  it  is  much  twisted,  and 

such  pieces  do  not  stand  well  when  worked ;  on  the  whole,  however,  it  is  an 

excellent,  sound,  and  useful  wood. 

Boxwood  is  much  used  for  clarionets,  flutes,  and  a  great  variety  of  turned 

works;  it  makes  excellent  lathe-chucks,  and  is  selected  by  the  wood-engraver 

to  the  exclusion  of  all  other  woods.  It  is  also  used  for  carpenters'  rules,  and 
drawing  scales ;  although  lance-wood,  satin-wood  and  elder,  are  sometimes 
substituted  for  it.  Boxwood  is  particularly  free  from  gritty  matter,  and  on 

that  account  its  sawdust  is  much  used  for  cleaning  jewellery;  it  is  frequently 

mentioned  by  the  Roman  authors  as  a  wood  in  great  esteem  at  the  period  in 

which  they  wrote. 

Some  of  the  boxwood  is  as  handsomely  mottled  as  fine  satin-wood :  but  it 
differs  much  in  colour,  apparently  according  to  the  age  and  season  at  which 

it  is  cut,  as  only  a  small  portion  of  the  Turkey  boxwood  is  of  the  full  yellow 
so  much  admired. 

European  boxwood  is  imported  from  Leghorn,  Portugal,  &c.  The  English 

boxwood  is  plentiful  at  Boxhill  in  Surrey,  and  in  Gloucestershire ;  it  is 

more  curly  hi  growth,  softer  and  paler  than  the  Turkey  boxwood;  its  usual 

diameters  are  from  1  to  5  in. ;  it  is  used  for  common  turnery,  and  is  preferred 

by  brass  finishers  for  their  lathe-chucks,  as  it  is  tougher  than  the  foreign  box, 
and  bears  rougher  usage.  It  is  of  very  slow  growth,  as  in  the  space  of  20 

to  25  years  it  will  only  attain  a  diameter  of  1 4  to  2  inches.  A  similar  wood, 

imported  from  America  under  the  name  of  Tugmutton,  was  formerly  much 

used  for  making  ladies'  fans. 

Murraya  (Maclcay  B.  fr.  Tavoy,)  Specimen  275  of  Dr.  Wallich's,  and 

118  of  Captain  Baker's  Collection  of  Indian  woods,  and  Garipe  apugne  bravo 

of  Mr.   's  from  the  Brazils,  (Admiralty,)  seem  fully  equal  to  boxwood, 
in  most  respects. 

Burnt  tempcrvirent,  or  common  evergreen  box,  is  found  throughout  Europe,  attain- 
ing a  height  sometimes  of  from  15  to  20  feet.  Turkey  box  is  yielded  by  Btixtu 

balearica,  which  is  found  in  Minorca,  Sardinia,  and  Corsica,  and  also  in  both  Euro- 
pean  and  Asiatic  Turkey,  and  large  quantities  of  it  are  imported  from  Constanti- 

nople into  England. 
A  new  specie*  has  lately  been  introduced  from  the  Himalayas,  Buxvs  rmargi- 

nattu,  of  Dr.  Wallich  :  this  is  found  of  considerable  size  and  thickness,  and  the 
•wood  appears  as  good  and  compact  as  that  of  the  boxwood  in  use  in  Europe. 
Rnyle,  lllust  Ilimal.  Bot.  p.  327.  On  actual  comparison  the  Himalayan  boxwood 
is  found  to  be  softer  than  the  common  kinds,  but  is  like  them  in  other  respects  ;  as 
miy  be  seen  in  the  wood-cut,  flgs.  9  and  10,  which  have  been  engraved  upon  a  piece 
of  the  wood  of  the  Himalayan  BUJCUS  emarginatut. 



CATALOGUE   OF  THE  WOODS.  77 

BRAZIL-WOOD,  called  also  Pernambuco,  WM  supposed  by  Dr.  Bancroft  to 
been  known  H  a  red  dyeirood  before  the  discovery  of  the  Brazil*,  which 

country,  he  My»,  WM  BO  named  by  European*  from  it*  abounding  in  this 

wood.   The  best  kind  U  from  Pernambuco,  where  it  u  called  Poo  dm  rainAa, 

or  queen's  wood,  and  by  the  native*  fl/irapitanya  •  it  u  also  found  in  the 
West  Indies  generally,  and  U  often  called  Pernambuoo-wood,    The  tree  is 
large,  crooked,  aad  knotty,  and  the  bark  is  BO  thick,  that  the  wood  only 

equals  the  third  or  fourth  of  the  entire  diameter;  the  leaves  are  of  a  beautiful 

red,  and  exhale  an  agreeable  odour.    The  Poo  da  rainAa  grows  to  the  dia- 
meter of  15  or  16  inches,  the  Poo  Brazil,  an  inferior  kind,  to  50  or  60  in. 

Brazil-  wood  is  a  royal  monopoly,  and  the  best  quality  bos  the  imperial  brand 
mark  at  the  end  ;  it  is  shipped  in  trimmed  sticks,  from  1  to  4  in.  diam.  and  3  to 

8  ft  long,  and  its  colour  becomes  darker  by  exposure  to  the  air.    Its  principal 

use  is  for  dyeing;  the  beet  pieces  are  selected  for  violin  bows  and  turning. 
Ctnalpina  te*i»a(a,  the  lUntpilaHfa  of  Ptoo,  yield*  the  Brazil-wood  of  commerce. 

D«  CandoUe  inquires  whether  it  U  not  rather  a  upecies  of  Ouilaadina.    C.  eritta,  a 
native  of  the  Went  Indie*,  U  called  Urttilltt,  because  ita  wood  ia  reUdUh-«oloured 
like  Brazil-wood.    C.  Xapan  to  a    native  chiefly  of  the  Aofatic  Wen  and  of  the 
Malayan  Peninsula  ;  it*  wood  to  like  Brazil-wood,  and  well  knowu  in  commerce  a* 
Bapan-woud. 

BRAZILETTO  is  quite  unlike  the  Brazil  wood;  its  colour  is  ruddy  orange, 

sometimes  with  streaks  ;  it  is  imported  from  Jamaica  in  sawn  logs  from 

2  to  6  ft  long  and  2  to  8  in.  diam.  with  the  bark,  (which  is  of  the  ordinary 

thickness,)  left  on  them  ;  and  also  from  New  Providence,  in  small  cleaned 

sticks.  Braziletto  is  thought  to  be  an  inferior  species  of  Brazil  wood; 

it  is  principally  used  for  dyeing,  also  for  turnery  and  violin  bows. 
It  to  considered  to  be  botanically  allied  to  the  above,  and  to  called  Ctrtalpina  brazili- 
rn$it,  a  native  of  the  West  Indie*,  but  also  found  In  Brazil. 

lii'l.  LET-WOOD,  from  the  Virgin  Isles,  West  Indies,  is  the  produce  of  a  large 
tree,  with  a  white  sap;  the  wood  is  greenish-hazel,  close  and  hard.  It  is 
used  in  the  country  for  building  purposes,  and  resembles  the  Qreenheart 

A  specimen  (at  Lloyd's  Registry,  ftc.)  of  the  Booley  or  Bully-tree,  from 
the  Quarawtive  River,  South  America,  appeared  an  excellent  hard  wood, 

very  dense,  and  of  a  plain  deep  purple  red. 
The  name  of  Bullet-wood  U  perhaps  taken  from  the  Bait  it  balle  or  Bullet-wood  of 

the  French,  Uuarta  trichiliuidr*,  which  in  Jamaica  U  called  musk  or  alligator-wood. 
Bullet  to  perhaps  a  change  from  Bully-wood,  which  to  that  of  the  bully  tree,  catted 
also  Naseberry  bullet-tree,  or  AcKrat  Sapt.ta  of  botanist  a,  described  as  one  of  the 
best  Umber-trees.  The  bully-tree  of  UuUna  to  abo  an  Aehras.  The  bastard  bully- 
trees  of  Jamaica  are  species  of  liuuuHa. 

LI  I.I.I.!  'WOOD,  another  species  so  called,  is  supposed  to  come  from  Berbice  ; 
its  colour  is  hazel-brown,  of  an  even  tint  without  veins  ;  it  is  a  very  close, 
hard  and  good  wood,  well  adapted  to  general  and  to  exccntric  turning,  but 
is  not  common. 

The  latter  agrees  pretty  closely  with  a  wood  described  by  Dr.  Bancroft  as 

Bow-wood,  or  Watctba,  of  Guiana, 

Different  specimens  marked  Naseberry  bullet-wood,  and  one  of  an  iron- 
wood,  were  exceedingly  near  to  the  above,  if  not  identical  with  it,  and  the 

Boll  Hoof  and  Bread  Nut  Heart,  all  from  Jamaica,  approached  more  dis- 

tantly. —  (United  Service  and  Admiralty  Collections.) 
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BUTTON-WOOD  TREE.    See  PLANE-TREE. 

CABBAGE-WOOD.    See  PARTRIDGE-WOOD. 

CALAMAXDER,  Dlospyros  hirsuta.    See  COROMANDEL. 

CALEMBERRI.    -See  COROMANDEL. 

CALEMBEG.  A  wood  similar  to  Sandal-wood  in  grain,  and  similarly,  but  less 

powerfully,  scented ;  its  colour  is  olive-green,  with  darker  shades.  It 

appears  entitled  to  the  name  of  Green  Sandal-wood. 
Calembeg.  or  Calambac,  sometimes  called  Aloes-wood,  is  the  Agallochum  of  the 

ancients,  and  the  Agila  or  Eagle-wood  of  the  moderns.  It  is  produced  in  Siam  and 
Silhet  by  dquttaria  Agallocha.  V.  Royle,  lllustr.  p.  171. 

CAMPEACHY  LOGWOOD.     See  LOGWOOD. 

CAMPHOR- WOOD,  is  imported  from  China,  the  East  Indies  and  Brazils,  in  logs, 

and  planks  of  large  size ;  it  is  a  coarse  and  soft  wood,  of  a  dirty  greyish 

yellow  colour,  sometimes  with  broad  iron-grey  streaks,  and  is  frequently 
spongy,  and  difficult  to  work.  It  is  principally  used  in  England  for 

cabinet-work  and  turnery,  on  account  of  its  scent. 
The  Camphor-tree  of  Sumatra  is  Dryobalanops  Camphora,  of  which  the  wood  is  hard, 

compact  and  brownish-coloured ;  there  is  a  genuine  specimen  in  the  museum  of 
King's  College,  London.  The  fragrant  light-coloured  soft  wood  of  which  the  trunks 
and  boxes  from  China  are  made,  is  supposed  to  be  that  of  the  Camphor-tree  of 
Japan,  Laurus  Camphora,  now  Camphora  officinalis.  One  or  more  of  the  tribe  of 
Laurels  yield  the  Siricabali  wood  of  Guiana,  which  is  light,  fragrant,  and  much 
used  in  the  building  of  boats. 

CAM-WOOD,  an  African  dyewood,  is  shipped  from  Rokella,  Sierra  Leone,  &c. 
in  short  logs,  pieces,  roots,  and  splinters.  When  first  opened,  it  is  tinted 
with  red  and  orange ;  the  dust  is  very  pungent,  like  snuff;  it  would  be  a 
beautiful  wood  if  it  retained  its  original  colours,  but  it  changes  to  dark  red, 

inclining  to  brown.  Cam-wood  is  the  best  and  hardest  of  the  red  dyewoods; 
it  is  very  fine  and  close  in  the  grain,  and  suitable  to  ornamental  and  excentric 
turning. 

Cam-wood  is  yielded  by  a  leguminous  plant,  which  has  been  introduced  into,  and 
flowered  in  this  country,  and  has  been  described  and  figured  by  Mr.  G.  Loddiges, 
in  his  botanical  cabinet,  vol.  iv.  t.  367,  under  the  name  of  Baphia  nitida. 

CANARY-WOOD  from  the  Brazils,  Para,  &c.;  known  at  the  Isthmus  of  Darien 
as  AmariUo.  It  is  imported  in  round  logs  from  9  to  14  in.  diam.,  and  some- 

times in  squared  pieces.  The  wood  is  of  a  light  orange  colour,  and  gene- 
rally sound;  it  is  straight  and  close  in  the  grain,  and  very  proper  for 

cabinet  work,  marquetry,  and  turnery;  is  similar,  if  not  the  same,  to  a  wood 
called  Vantatico  and  Vigniatico,  corrupted  from  Vinhatico,  a  Portuguese 
name  for  several  yellow  woods,  besides  that  imported  from  the  Brazils  under 
the  same  name. 

Lauriit  indica,  or  Royal  Bay,  is  a  native  of  the  Canary  Isles.  The  wood  is  of  a  yellow 
colour,  not  heavy,  but  well  suited  to  furniture  ;  it  is  called  f'igniatico  in  the  island 
of  Madeira,  and  is  probably  what  is  imported  into  England  under  the  name  of 
Madeira  Mahogany ;  it  is  less  brown  than  mahogany. 

CANGICA  WOOD,  from  the  Brazils,  also  called  in  England  Angica,  is  of  the  rose- 
wood character,  but  of  a  lighter  and  more  yellow  brown,  less  abrupt  and 

more  fringed,  sometimes  straight  in  gram  and  plain  in  figure.  It  is  im- 
ported in  trimmed  logs  from  6  to  10  in.  diam.,  and  is  used  for  cabinet-work 

and  turning. 
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CEDAR  The  name  Cedar  has  been  given  to  trees  of  very  different  natural  orders, 
Mid  Lai  occasioned  much  ooafasioo. 

The  cedar  or  Lebanon,  or  great  cedar,  (Pinia  Cednu,)  U  a  cone-bearing 
resiiioiu  tree,  and  one  of  the  pines.  It  is  tall  and  majestic,  and  grow*  to  a 

great  aim ;  the  mean  dimensions  of  its  trunk  are  50  feet  high  and  39  inches 

diameter.  The  wood  is  of  a  rich  yellowish  brown,  straight-grained,  and  it 

has  a  peculiar  odour.  The  tree  is  famous  in  Scripture  for  its  size  and  dura- 

bility (Kzckiel,  xxzi  8,  5,  8 ;)  it  was  used  in  the  construction  of  Solomon's 
temple  at  Jerusalem,  and  many  Grecian  temples  and  statues.  A  few  fine 
trees  are  said  still  to  remain  on  Mount  Lebanon ;  but  the  wood  was  also 

procured  in  the  time  of  Vitruvius,  from  other  parts  of  Syria,  and  from 

Crete,  Africa,  Ac. — Tndgold. 
The  Pencil  oedar  is  the  Jttnlpenu  viryiniana ;  it  is  also  of  the  same 

natural  order  as  the  pine-tree.  It  is  imported  from  North  America,  in 

pieces  from  6  to  10  inches  square.  The  grain  of  the  wood  is  remarkably 

regular  and  soft,  on  which  account  principally,  it  is  iwed  for  the  manufacture 

of  pencils,  and  from  its  agreeable  scent,  for  the  inside  work  of  small  cabinets ; 

from  the  same  reason  it  is  made  into  matches  for  the  drawing-room. 
Another  species  is  the  Junipcrtu  bermudiana ;  it  is  a  much  harder  and 

heavier  wood  than  the  pencil  cedar,  with  a  similar  smell  and  appearance. 

It  was  formerly  much  used  in  ship-building :  many  of  the  timbers  of  the 
Spanish  ships  taken  in  the  last  war  were  of  the  Bermuda  cedar. 

"  Up  to  this  time  there  are  great  quantities  of  the  finest  cedar  growing  in 
the  British  island  of  Bermuda,  and  the  best  ships  and  schooners  are  always 

built  of  it ;  it  is  imperishable." — Col.  G.  A.  Lloyd. 
The  cedar  known  to  cabinet-makers  by  the  name  of  Havannah  cedar, 

is  the  wood  of  the  Cedrela  odorala  of  Linnaeus,  and  belongs  to  the  same 

natural  order  as  mahogany,  which  it  resembles,  although  it  is  softer  and 

paler,  and  without  any  variety  of  colour.  It  is  imported  in  considerable 

quantities  from  the  bland  of  Cuba,  and  is  excellent  for  the  insides  of  drawers 

and  wardrobes:  all  the  cigar-boxes  from  Havannah  are  made  of  this  kind  of 

cedar;  the  wood  is  brittle  and  porous.  Some  kinds  of  the  Havannah  cedar 

are  not  proper  for  cabinet-work,  as  the  gum  oozes  out  and  makes  the  surface 
of  the  work  very  sticky  and  unpleasant. 

There  is  another  kind  more  red  in  colour,  called  red  cedar ;  there  are 

also  whit*  cedars  common  to  America :  one  kind  is  called  prickly  cedar, 

from  its  being  covered  with  spines :  this  is  very  like  the  white  hemlock, 

and  grows  to  4  ft  diam.  and  60  to  70  ft  high,  and  is  much  used  for  rail- 
way works. 

Another  sort,  from  New  South  Wales,  is  the  wood  of  the  Cedrda  Totma; 

kit  is  somewhat  similar  to  the  Havannah,  bu
t  more  red  in  colour,  and  of  a 

coarser  grain ;  it  sometimes  measures  4  feet  diameter.    This  kind  is  also 

M.I  in  the  East  Indies;  it  is  in  common  use  in  joinery -work.    Most  of 

the  cedars  have  been  used  for  ship-building. 

The  Himalayan  cedar  (Jutuptnu  excdta)  is  harder  and  less  odoriferous 
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than  the  Pencil  cedar,  but  is  an  excellent  light  wood  between  pencil  cedar 

and  deal  in  general  character. — (See  Dr.  Wallich's  Collection,  202.) 
The  cedar  of  Lebanon  is  usually  called  Pinus  Cedrvt,  but  sometimes  Cedrus  Libanw  i 

the  lofty  Deodnra,  a  native  of  the  Himalayas,  with  fragrant  and  almost  imperish- 
able wood,  and  often  called  the  Indian  cedar,  is  sometimes  referred  to  the  genus 

Piuut,  and  sometimes  to  that  of  Cedrus  or  Larix,  with  the  specific  name  of 
Deodara. 

The  wood  of  several  of  the  Conifer®  is  however  called  cedar.  The  wood  of  Juni- 
perus  virffiniana  is  called  Red  or  Pencil  Cedar,  and  that  of  J.  bermndiana  is  called 
Bermuda  Cedar  ;  of  J.  barbadcnsis,  is  called  Barbadoes  Cedar  ;  while  the  Juniper 
of  the  North  of  Spain,  and  South  of  France,  and  of  the  Levant,  is  called  J.  oryce- 
drus;  the  White  Cedar  of  North  America,  a  less  valuable  wood  than  the  red  cedar, 
is  yielded  by  Cupretttis  Thyoidti,  and  the  cedar-wood  of  Japan,  according  to  Thun- 
berg,  is  a  species  of  cypress. 

The  name  cedar  is  however  applied  to  a  number  of  woods  in  our  different  colo- 
nies, which  are  in  no  way  related  to  the  Coniferte;  thus  the  cedar  of  Guiana  is  the 

wood  of  Idea  altissima,  white  wood  or  white  cedar  of  Jamaica  is  Bignonia  leucoxy- 
lon,  and  bastard  cedar  is  Guazuma  ulmifolia.  In  New  South  Wales  again  the  term 
white  cedar  is  applied  to  Melia  Azederach,  and  red  cedar  to  that  of  Flindersia 
auttralit,  as  well  as  to  the  wood  of  the  Toon-tree,  or  Cedrela  Toona. 

CHERRY-TREE,  is  a  hard,  close-grained  wood,  of  a  pale  red  brown,  that  grows 

to  the  size  of  20  or  24  inches,  but  it  is  more  usually  of  half  that  size.  When 

stained  with  lime,  and  oiled  or  varnished,  it  closely  resembles  mahogany  ; 

it  is  much  used  for  common  and  best  furniture  and  chairs,  and  is  one  of  the 

best  brown  woods  of  the  Tunbridge  turners.  The  wood  of  the  black -heart 

cherry-tree  is  considered  to  be  the  best.  "The  Spanish  American  cherry- 

tree  is  very  elastic,  and  is  used  for  felucca  masts." — Col.  O.  A.  Lloyd. 
Cerasut  avium  is  the  wild  cherry.  C.  duracini  is  the  heart  cherry  or  Bigarreau. 
The  wood  of  C.  Mahaleb  is  much  used  by  the  French,  and  is  called  boit  de  Sainte 
Lucie. 

CHESNUT,  (Castanea  vesca,)  is  common  to  Europe;  mean  size  44  ft.  high, 

37  in.  diameter ;  is  very  long-lived  and  durable.  The  sweet,  or  Spanish  ches- 

nut,  is  very  much  like  oak,  and  is  sometimes  mistaken  for  it;  it  was  formerly 

much  used  in  house  carpentry  and  furniture.  The  young  wood  is  very  elas- 

tic, and  is  used  for  the  rings  of  ships'  masts,  the  hoops  for  tubs,  churns,  &c., 
but  the  old  wood  is  considered  to  be  rather  brittle. — See  HORSE  CHESNUT. 

The  edible  or  sweet  chesnut,  is  the  Castanea  vcica,  but  the  Horse  Chesnut  (which  see) 
belongs  to  a  very  different  genus.  The  wood,  formerly  much  used  in  house-build- 

ing and  carpentry,  and  which,  famed  for  its  durability,  has  been  mistaken  for 
chesnut,  is  now  considered  to  be  that  of  an  oak,  Quercut  sestiliflora. 

COCOA- WOOD,  or  Cocus,  is  imported  from  the  W.  Indies  in  logs  from  2  to  8  in. 

diameter,  sawn  to  the  length  of  3  to  6  ft.,  tolerably  free  from  knots,  with  a 

thick  yellow  sap  :  the  heart,  which  is  rarely  sound,  is  of  a  light  yellow  brown, 

streaked,  when  first  cut  with  hazel  and  darker  brown,  but  it  changes  to 

deep  brown,  sometimes  almost  black.  Cocoa-wood  is  much  used  for  turnery 

of  all  kinds,  and  for  flutes ;  it  is  excellent  for  excentric  turning,  and  in  that 

respect  is  next  to  the  African  black -wood. 

An  apparent  variety  of  cocoa-wood  from  2  to  6  or  7  inches  diameter,  with 

a  large  proportion  of  hard  sap  of  the  colour  of  beechwood,  and  heart  wood 

of  a  chesnut  brown  colour,  is  used  for  tree-nails  and  pins  for  ship-work, 

and  purposes  similar  to  lignum-vitse,  to  which  it  bears  some  resemblance, 

although  it  is  much  smaller,  has  a  rough  bark,  the  sap  is  more  red, 
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and  the  heart  darker  and  more  handsomely  coloured  when  first  opened  than 

lignum  viue ;  it  U  intermediate  between  it  and  cocoa-wood.  Another  but 

inferior  wood,  exactly  agrees  with  the  ordinary  cocoa-wood,  but  that  tho 
heart  ia  in  wary  rings,  alternately  hard  and  soft. 

Cocoa-wood  haa  no  connection  with  tho  Cocoa-nut,  which  a  tho  fruit  of  a 

palm-tree  common  to  tho  East  and  Wort  Indies,  the  Cocot  nucifera;  neither 
can  it  have  any  relation  to  tho  other  endogenous  trees  which  produce  tho 

Coquilla  nut,  the  A  Italia  funif era  according  to  Marti  us,  and  Coco*  lapideaot 

Ctartncr,  or  of  the  Cacao  Tktobroma,  or  tho  Cliocolate-nut  tree. 
It  ia  really  singular  that  tho  exact  localities  and  the  botanical  name  of  the 

cocoa-wood  that  is  so  much  used,  should  be  uncertain  :  it  appears  to  come 
from  a  country  producing  sugar,  being  often  imported  as  dunnage,  or  the 

stowage  upon  which  the  sugar  hogsheads  are  packed  :  it  is  also  known  aa 

Brown  Ebony,  but  the  Amenmnum  Ebenut  of  Jamaica  seems  dissimilar. 

I  have  scarcely  found  any  specimens  of  it  in  tho  various  collections  recently 

examined.  The  piece  in  Mr.  O.  Loddiges'  collection  from  Rio  Janeiro,  (with 

•  ugueao  names,)  was  marked  Cocoa,  by  which  it  is  generally  designated  in 
this  country,  as  cocus-wood  is  the  name  given  by  the  wholesale  merchant. 
The  cogwood  of  the  West  Indies,  used  for  the  cogs  of  wheels  and  building 

I'lirposes,  is  a  similar  but  lighter-coloured  wood  of  larger  size. 

In  Mr.  Tyrie'a  collection  of  Cubanel  wooda,  in  Sir  W.  Symonds's  museum, 
there  are  nine  woods  of  about  tho  same  density  and  general  character  as 

cocoa-wood ;  they  are  arranged  the  lightest  first,  with  their  Spanish  names ; 

the  figures  denote  the  apparent  diameters  of  the  trees  from  which  the  speci- 
mens were  cut :  No.  108,  Acacio  real,  hazel  brown,  slightly  veined. (8  inches) ; 

No,  141,  ffavaco,  very  like  cocoa  but  much  lighter  (3  in.);  No.  144,  Oateado, 

more  veined,  ruddy  cast  (4  in.);  No.  5,  Yayti,  slightly  darker  than  last,  with 

greenish  cast;  No.  12,  Almiqui,  chesnut-brown,  only  more  ruddy,  very  rich 
tint  (4  in.) ;  No.  133,  CeriUo,  the  complexion  of  tolerably  dark  walnut,  sap 

is  paler  than  cocoa,  (5  in.);  No.  42,  China,  very  near  to  cocoa  in  colour, 

specimen  had  a  very  small  heart  and  much  sap;  No.  101,  Granadilla,  greenish 

cast,  (3  in.);  No.  72,  Mabao,  rather  darker  than  cocoa,  the  heart  apparently 

15  or  18  in.  diam.,  one  inch  of  sap  left  on  the  specimen ;  Noe.  108, 12,  and  72, 

appear  to  bo  desirable  woods. 

The  Cocoa  wood  of  commerce  U  not  nay  to  trace  to  any  of  the  tree*  at  the  W«*t 
Indie*,  the  eoeoa  plum  U  Cluy**ala*u*  Icacv,  which  form*  only  a  throb ;  Coer»- 
Uba  «riAra,  or  maafrore  grape  trie,  grow*  huge  and  yield*  a  beautiful  wood  for 
cabinet-work,  bat  which  to  U«ht  and  of  a  white  colour.  IB  appearance  aad  descrip- 

tion it  comes  near  to  the  Greeabcart  or  La*nu  dUermryfoo,  which  to  al*o  calkd 
(  .  „•  \  x  * ! . 

COCO  A- NTT  TREE  and  COCOA-NUT.    See  PALMS,  and  SUPPLE*  EKT. 

COCUS.    See  COCOA-WOOD. 

COFFEE-TREE  (Coffta  arabica).  The  wood  is  of  a  light  greenish -brown  or  dusky- 
yellow,  with  a  bark  externally  resembling  boxwood,  but  thicker  and  darker. 

The  specimen  I  have  is  nearly  as  close-grained  and  hard  as  boxwood ;  it  haa 
V01  O 
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no  smell,  and  but  little  taste.  The  tree  does  not  grow  more  than  a  few  feet 

high,  and  it  is  cut  down  in  the  plantations  to  five  or  six  feet,  and  is  not 
therefore  useful  in  manufactures. 

*  The  tree  called  Kentucky  coffee-tree,  or  hardy  bonduc,  is  very  different 
from  the  common  coifee ;  it  forms  a  large  tree  called  Gymnocladus 

canadensis ;  the  wood  is  compact,  of  a  rosy  hue,  and  used  by  cabinet- 
makers. 

CORAL-WOOD,  says  Bergeron,  is  so  named  from  its  colour.  When  first  cut  it  is 
yellow,  but  soon  changes  to  a  fine  red  or  superb  coral ;  it  is  hard,  and  receives 

a  fine  polish  :  he  also  speaks  of  a  damasked  coral-wood.  It  is  difficult  to 
associate  these  with  the  red  woods ;  they  are  perhaps,  from  the  descriptions, 
nearest  to  the  cam-wood  from  Africa, 

The  coral-tree,  so  called  from  the  colour  of  its  flowers,  is  Erythrina  Corallodendron  ; 
but  the  bois  de  corail  of  the  French,  is  the  wood  of  Adenantiiera  paconiiui,  which 
is  hard,  reddish-coloured,  and  sometimes  confounded  with  red  sanders  wood. 

COQUILLA  NUT.    See  Supplement  page  111. 

COROMANDEL,  or  Calamander,  the  produce  of  Ceylon,  and  the  coast  of  India, 

is  shipped  in  logs  and  planks  from  Bombay  and  Madras.  The  figure  is 

between  that  of  rose-wood  and  zebra-wood ;  the  colour  of  the  ground  is 
usually  of  a  red  hazel  brown,  described  also  as  chocolate  brown,  with  black 

stripes  and  marks.  It  is  said  to  be  so  hard  as  almost  to  require  grinding 

rather  than  cutting;  this  is  not  exactly  true,  as  the  veneer  saws  cut  it  without 

particular  difficulty,  it  is  a  very  handsome  furniture  wood  and  turns  well : 

it  is  considered  to  be  a  variety  of  ebony. 

Mr.  Laird  says  there  are  three  varieties  of  Coromandel ;  the  Calamander 

or  Coromandel,  which  is  the  darkest,  and  the  most  commonly  seen  in  this 

country,  the  Calemlerri,  which  is  lighter  coloured  and  striped,  and  the 

Omander,  the  ground  of  which  is  as  light  as  English  yew,  but  of  a  redder 

cast,  with  a  few  slight  veins  and  marks  of  darker  tints.  He  says,  the  wood 

is  scarce  and  almost  or  quite  limited  to  Ceylon ;  that  it  grows  between  the 

clefts  of  rocks — this  renders  it  difficult  to  extract  the  roots,  which  are  the 

most  beautiful  parts  of  the  trees. 

The  Calamander-wood  tree  is  Diospyros  hirsuta,  and  Kadum  Bfiriya  is  D.  Ebenaster, 
according  to  Moore's  Catalogue  of  Ceylon  Plants,  and  therefore  of  the  same  genus  as the  true  ebony. 

COROMANDEL,  falsely  so  called,  has  a  black  ground,  and  is  either  striped,  mot- 
tled, or  dappled,  with  light  yellow,  orange,  or  red ;  it  is  a  description  of 

accidental  or  imperfect  East  Indian  black  ebony.  Some  of  the  pieces  are 

very  handsome;  it  is  used  for  similar  purposes  to  the  true  Coromandel,  from 

which,  however,  it  is  entirely  different,  and  generally  inferior,  although  it 

is  considered  a  variety  of  the  same  group. 

COROSOS,  or  Ivory  Nut.    See  Supplement  page  112. 

COWDIE.    See  PIKES. 

CRAB-TREE,  the  wild  Apple-tree ;  principally  used  by  millwrights  for  the  teeth 
of  wheels.  See  APPLE-TREE. 
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K  ESS-TREE.  Of  this  thcro  arc  many  varieties;  tho  principal  arc  the  CM* 

JPVMW  ttmptnvrmi,  and  the  whit*  cypress  or  white  codar  of  North  Ame- 
rica, the  C*pn»t*M  Tkyoidet ;  the  Utter  u»  much  used  as  a  timber  wood, 

it  u  an  immense  tree,  and  it  considered  to  be  more  durable  even  than  the 

cedar  of  Lebanon.  The  C*prt*$ut  tempcrvirent  i»  laid  to  have  been  much 

used  by  the  ancient* ;  by  the  Egyptian!  for  the  cases  for  some  of  their 

mummies,  by  the  Athenians  for  coffin*,  and  for  the  original  doors  of  8t 

Peter's  at  Rome,  which,  on  being  replaced  after  six  hundred  yean  by 
gates  of  brasH,  were  found  to  be  perfectly  free  from  symptoms  of  decay,  and 

within,  to  have  retained  part  of  the  original  odour  of  the  wood.— Trcdgold. 
It  U  probable  that  the  wood  of  Tkuja  articulate,  (MO  Arbor  riuo,)  wu  also  used  by 

the  ancient*,  and  hai  sometime*  been  mistaken  for  that  of  Cypress. 

•i*   SwPiKis. 

DOG- WOOD,  a  small  underwood,  which  is  so  remarkably  free  from  silex,  that 

little  splinters  of  tho  wood  are  used  by  the  watchmaker  for  cleaning  out 

the  pivot-holes  of  watches,  and  by  the  optician  for  removing  the  dust  from 

small  deep-seated  lenses ;  dogwood  is  also  used  for  butchers'  skewers,  and 
tooth-picks. 

The  charcoal  of  the  black  dog-wood  is  employed  in  the  manufacture  of 

the  best  sporting  gunpowder,  alder  and  willow  charcoal  for  the  government 

powder.—  Wiltinxm'i  Enyinet  of  War,  1841. 
Corn  in  tamfuinea  U  the  wild  cornel  or  common  dog-wood,  C.  mat.  is  the  male  dog-wood 

or  Cornelian  cherry,  while  C.  Jtorida  is  an  American  specie* ;  others  are  found  in 
the  Himalaya*.  The  name  dog-wood  is  applied  in  Jamaica  to  Pucidia  Erithrina. 

•  EAST  INDIAN  BLACK-WOOD,  (Dalbcrgia,  latifolia,)  called  Black-wood  tree  by 
the  English  and  Sit  Sal  by  the  natives  of  India,  on  the  Malabar  coast,  where 

it  grows  to  an  immense  size.  The  wood  of  the  trunk  and  large  branches  is 

extensively  used  for  making  furniture;  it  is  heavy,  sinking  in  water,  close 

grained,  of  a  greenish  or  greenish  black  colour,  with  lighter  coloured  veins 

running  in  various  directions,  and  takes  a  fine  polish. 

EBONY  is  described  as  of  several  colours,  as  yellow,  red,  green,  and  black.  The 

OTJrttTmrr  of  yellow  and  red  ebonies  appears  questionable.  The  black  ebony 

is  the  kind  always  referred  to  when  the  name  is  mentioned  alone ;  in  fact, 

"  as  black  as  ebony,"  is  an  old  proverb.  The  wood  U  surrounded  by  a  white 
sap  3  or  4  inches  thick.  The  green  ebony  is  an  entirely  different  tree,  with 

a  thin  smooth  bark,  growing  in  tho  West  Indies. 

Three  kinds  are  imported ;  No.  1,  from  the  Mauritius,  in  round  sticks  like 

scaffold  poles,  they  seldom  exceed  14  in.  diameter ;  No.  2,  the  East  Indian 

which  grows  in  Ceylon,  the  East  India  islands,  and  on  the  continent  of 

i,  this  is  mostly  shipped  from  Madras  and  Bombay  in  logs  from  6  to  20 

and  sometimes  even  28  in.  diameter,  and  also  in  planks ;  and  No.  3,  the  African 

ebony,  shipped  from  the  Cape  of  Good  Hope  in  billets,  the  general  sizes 

of  which  are  from  3  to  6  ft  long,  3  to  6  in.  wide,  and  2  to  4  in.  thick,  these 

ax*  rent  out  of  the  trees,  and  are  thence  often  called  billet-wood. 

No.  1,  the  Mauritius,  is  the  blackest  and  finest  in  the  grain,  as  well  as 

the  hardest  and  most  beautiful  of  the  three,  but  also  the  most  costly  and o  2 
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unsound ;  No.  2,  the  East  Indian,  is  less  wasteful,  but  of  an  inferior  grain 

and  colour  to  the  above ;  and  No.  3,  the  African,  is  the  least  -wasteful,  as 
nil  the  refuse  is  left  behind,  and  all  that  is  imported  is  useable,  but  it  is  the 

most  porous,  and  the  worst  in  point  of  colour. 

They  are  all  used  for  cabinet,  mosaic,  and  turnery  works ;  also  for  flutes, 

the  handles  of  doors,  knives,  and  surgeons'  instruments,  and  many  other 
purposes.  Piano-forte  keys  are  generally  made  of  the  East  Indian  variety. 

The  African  stands  the  best,  and  is  the  only  sort  used  for  sextauts. 

Colonel  Lloyd  says,  the  Mauritius  ebony  when  first  cut  is  beautifully 

Bound,  but  that  it  splits  like  all  other  woods  from  neglectful  exposure  to  the 

sun.  The  workmen  who  itse  it,  immerse  it  in  water  as  soon  as  it  is  felled 

for  6  to  18  months,  it  is  taken  out  and  the  two  ends  are  secured  from 

splitting  by  iron  rings  and  wedges.  He  considers  the  Mauritius  ebony  to 

be  the  finest,  next  the  Madagascar,  and  afterwards  the  Ceylon. 

In  Mr.  Fincham's  collection  there  is  a  specimen  of  White  Ebony  from 
the  Isle  of  France ;  it  resembles  boxwood  in  most  of  its  characters.  There 

is  also  a  specimen  of  Young  Ebony,  of  similar  description,  or  rather  more 

like  ash  in  general  tint,  intermixed  with  light  iron-grey  streaks  or  stains,  as 

if  the  black  were  in  course  of  deposition.  And  in  Capt.  Baker's  collection 
at  the  Society  of  Arts,  there  are  nine  different  specimens  of  Diospyros,  two 

only  of  which  are  black,  the  remainder,  more  or  less  like  the  above. 

The  black  ebony  is  also  met  with  in  South  America,  but  much  less  gene- 
rally than  in  Asia  and  Africa. 

The  ebony  of  Mauritius  is  yielded  by  Diospyrus  Ebenus,  that  of  Ceylon  is  D.  Eben- 
atter,  while  the  ebony-tree  of  the  Coromandel  coast  is  D.  melanoxylon,  other  species 
as  D.  tomenlosa  and  D.  Royhi,  yield  ebony  on  the  continent  of  India.  The  tree  yield- 

ing the  African  ebony  is  not  ascertained.  A  kind  of  ebony  is  produced  by  Ame- 
rimnum  Ebenut,  in  the  West  Indies,  and  called  Jamaica  ebony. 
MOUNTAIN  EBONT.    The  different  species  of  Bauhinice  are  so  called  :  B.  porrerta 

grows  on  the  hills  in  Jamaica,  and  has  wood  which  is  hard  and  veined  with  black. 

See  GREEN  EBONY  and  COROMANDEL. 

ELDER.  (Sambucus  niyra).  The  branches  of  the  elder  contain  a  very  light  kind 

of  pith,  which  is  used  when  dried  for  electrical  purposes.  The  surrounding 

wood  is  peculiarly  strong  and  elastic.  The  trunk-wood  is  tough  and  close- 

grained  ;  it  is  frequently  used  for  common  carpenters'  rules  and  inferior 

turnery-work,  for  weavers'  shuttles,  (many  of  which  are  also  made  of  box- 

wood,) for  fishermen's  netting  pins,  shoemakers'  pegs,  &c. 

ELM  (Ulmus),  a  European  timber  tree,  of  which  there  are  five  species;  mean  size, 

44  ft.  long,  32  in  diameter.  The  heart  wood  is  red  brown,  darker  than  oak, 

the  sap  yellowish  or  brownish  white,  with  pores  inclining  to  red ;  the  wood 

is  porous,  cross-grained,  and  shrinks  and  twists  much  in  drying.  Elm  is  not 
liable  to  split,  and  bears  the  driving  of  nails  or  bolts  better  than  any  other 

timber,  and  it  is  exceedingly  durable  when  constantly  wet ;  it  is  therefore 

much  used  for  the  keels  of  vessels,  and  for  wet  foundations,  waterworks, 

piles,  pumps,  and  boards  for  coffins  ;  from  its  toughness,  elm  is  selected  for 

the  naves  of  wheels,  shells  for  tackle-blocks,  and  sometimes  for  the  gunwales 
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of  ahii*.  and  also  for  many  purposes  of  common  tuniery,  M  it  bears  very 

rough  OMge  without  splitting. 

WTCII  KIM.  This  sometime*,  grow*  to  the  height  of  70  feet,  and  the 

diameter  of  8ft  feet  ;  the  branches  are  principally  at  the  top,  the  wood  is 

lighter  and  more  yellow  in  colour  than  the  above,  also  straighter  and  finer 

in  the  .grain.  It  is  tough,  similar  to  young  sweet  chesnut  for  bending,  and 

U  much,  mod  by  coachmakera,  and  by  shipwrights  for  jolly-boat*. 
BOCK  ELK  appears  very  like  the  last  ;  it  U  extensively  iued  for  boat 

building,  and  sometimes  for  archery  bown,  aa  it  IB  considered  to  bend  very 
well. 

I'lmut  tmmfHtrtt  to  the  common  maD-leaved  elm.  U.  ̂ fftua  U  the  •preadinir- 

brancbed,  V.  glattra  to  the  smooth-leaved,  and  U,  montana  the  Wych  elm.  L'lmui 
Amtrica**,  or  the  American  elm,  to  ased  for  the  same  purposes  a*  the  European 

•pecira,  though  the  wood  to  Inferior  to  quality.  U.  /Woo  and  alata  an  other  Ame- 
rican species,  and  tereral  (pecfes  are  found  in  the  Himalayas. 

FIRS  AND  PIXEa    See  PWM. 

1 1  .  Li  the  word  of  a  species  of  Mulberry,  (Monu  tinctoria,)  growing  in  most 

parts  of  South  America,  the  United  States,  and  West  Indies.  It  is  a  large 

and  handsome  tree ;  it  is  shipped  in  trimmed  logs  from  2  to  4  ft  long,  3  to 

8  in.  diameter ;  the  colour  of  the  wood  is  a  greenish  yellow,  it  is  principally 

used  for  dyeing  greens  and  yellows,  and  also  in  mosaic  cabinet-work  and 
turning.  See  ZANTK,  or  YOUNO  FUSTIC. 

GRENADILLO,  Granillo,  or  Grenada  Cocus,  from  the  West  Indies,  is  apparently 

a  lighter  description  of  the  common  cocoa  or  cocus-wood,  but  changes  ulti- 
mately to  as  dark  a  colour,  although  more  slowly.  It  is  frequently  imported 

without  the  sap. 

The  tree  yielding  this  hai  not  been  ascertained,  the  bait  4e  GrenaMU  of  the  French 
to  atoo  called  red  ebony  by  their  cabinet-maker*. 

GREEN  EBONY,  from  Jamaica,  and  the  West  Indies  generally.  It  is  cut  in 

lengths  of  3  to  6  ft,  has  a  bark  much  like  cocus,  but  thinner  and  smoother, 

the  heart  wood  is  of  a  brownish  green,  like  the  green  fig.  It  is  used  for 

round  rulers,  turnery,  and  marquetry-work,  and  it  cleaves  remarkably 
well.  The  dust  is  very  pungent,  and  changes  to  red  when  the  hands  are 

washed  with  soap  and  water.  The  wood  is  very  much  used  for  dyeing,  and 

it  contains  so  much  resinous  'matter,  that  the  negroes  in  the  West  Indies 
employ  it  in  fishing  as  a  torch.  The  candle-woods  of  the  West  Indies 
obtain  their  name  probably  from  the  same  circumstance,  they  are  allied  to 

the  rose-woods,  but  are  of  lighter  yellow  colours. 
The  ebony  of  Jamaica  U^M<rm*M«  £»«•«•  and  has  beea  mentioned  under  Ebony. 

The  wood  to  described  as  being  of  a  fine  greenish  brown  colour,  hard,  durable,  and 
capable  of  taking  a  fine  poltoh;  0.  *rar«*yfc«  of  South  An*rica  yields  It  M* 

••.!•:  N  HEART;  from  Jamaica,  Demerara,  and  the  Brazils,  bears  a  general 
resemblance  to  cocoa-wood  both  in  size  and  bark,  but  tho  latter  has  a 
redder  tint  Qreenheart  when  first  cut  is  of  a  light  green  brown,  and 

striped,  but  it  changes  to  the  colour  of  Liynum-vitce,  and  is  by  some 
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GREENHEART— continued, 

considered  to  be  pernicious.     It  is  used  for  turnery  and  other  works,  but  its 

texture  is  coarse,  and  it  will  not  cleave  at  all  profitably. 

GREENHEART  used  in  ship-building  is  entirely  different  from  the  above, 
and  runs  into  several  varieties. 

Dr.  Bancroft  describes  Greenheart,  or  the  Sipiera  tree,  to  be  in  size  like 

the  locust-tree,  say  60  or  70  feet  high  :  there  are  two  species,  the  black  and 
the  yellow,  differing  only  in  the  colour  of  their  bark  and  wood.  He  says 

there  is  also  a  purple-heart  wood,  of  a  bright  crimson  colour,  but  which 

changes  to  purple,  and  is  esteemed  more  valuable  than  the  preceding. — 

Dr.  Bancroft's  Guiana,  p.  68-9. 

These  descriptions  exactly  agree  with  Mr.  Fincham's  specimens  described 
as  Greenheart,  and  black  and  brown  Greenheart ;  they  are  large  heavy  woods 

and  of  olive  green  even  tints,  varying  from  very  pale  to  dark.  These,  as 

well  as  the  Purple-heart  woods,  are  used  for  ship-building,  but  more  parti- 
cularly in  their  native  countries ;  they  appear  excellent  also  for  the  lathe. 

The  greenheart  of  Jamaica  and  Guiana,  is  the  Laurus  Chloroxylon  of  botanists  ;  it  is 
also  called  Cogwood  in  the  former,  and  Sipieri  in  the  latter  locality. 

GUM-WOOD,  or  blue  Gum-wood,  is  the  produce  of  New  South  Wales,  it  is  sent 

over  in  large  logs  and  planks,  the  colour  is  similar  to  that  of  dark  Spanish 

mahogany,  with  a  blue,  sometimes  a  purple-grey  cast :  it  is  used  in  ship- 

building. There  is  also  a  variety  of  a  redder  tint  called  red  Gum-wood, 
which  is  used  for  ramrods,  both  are  also  employed  by  the  turner. 

Eucalyptus  piperita  is  the  blue  gum-tree  of  New  South  Wales,  while  red  gum-tree  is 
another  species,  probably  E.  reiinifera. 

HACKMETACK  LARCH.    See  PINES. 

HARE-WOOD.    See  STCAMORE. 

HAWTHORN,  (Cratcegus  oxyacantha,)  has  hard  wood  of  a  whitish  colour,  with  a 

tinge  of  yellow;  the  grain  is  fine,  and  the  wood  takes  a  good  polish,  but 

being  small  and  difficult  to  work  it  is  not  much  used. 

HAZEL,  a  small  underwood,  but  little  used  for  turning,  except  for  a  few  toys.  It 

is  very  elastic,  and  is  used,  as  well  as  the  ground  ash,  for  the  rods  of  black- 

smiths' chisels,  hoops  of  casks,  &c.  Its  botanical  name  is  Corylus  Avellana. 

HICKORY,  or  White  Walnut,  (Juglans  alba,)  is  a  native  of  America;  it  is  a 

large  tree,  sometimes  exceeding  3  ft.  diameter.  The  wood  of  young  trees  is 

exceedingly  tough  and  flexible,  and  makes  excellent  handspikes,  and  other 

works  requiring  elasticity.  The  bark  of  hickory  is  recommended  by  Dr. 

Bancroft  as  yellow  dye. 

HOLLY,  (Ilex  ceijuifolium,)  is  a  very  clean,  fine-grained  wood,  the  whitest  and  most 

costly  of  those  used  by  the  Tunbridge-ware  manufacturer,  who  employs  it 
for  a  variety  of  his  best  works,  especially  those  which  are  to  be  painted  in 

water  colours.  It  is  closer  in  texture  than  any  other  of  our  English  woods, 

and  does  not  readily  absorb  foreign  matters,  for  which  reason  it  is  used  for 

painted  screens,  the  squares  of  draft-boards,  and  for  the  stringings  or  lines  of 
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cabinetwork,  both  in  the  whit*  itatc  and  when  dyed  black,  al*o  for  some  of 

the  inside  works  of  piano-forte*,  harps,  for  oalioo-printen'  block*,  Ac.  When 
larger  wood  than  holly  u  required,  the  horso-chosuut  i*  employed,  but  the 
Utter  is  modi  softer. 

The  holly  require*  very  particular  care  in  its  treatment  :  immediately  it 

U  felled  it  U  prepared  into  piece*  of  the  form  ultimately  required,  a*  plank*, 

Teneaa,  or  round  block*  for  turning.  The  roneem  are  bung  up  sepa- 
rately to  dry,  a*  retting  in  contact  even  for  two  or  three  hours  would  stain 

them  ;  the  round  blocks  are  boiled  in  plain  water  for  two  or  three  hours, 

and  on  removal  from  the  copper  they  are  thrown  in  a  heap  and  closely 

covered  op  with  sacking  to  exclude  the  air,  which  would  otherwise  cause 

them  to  split  The  heap  is  gradually  exposed  as  it  dries  ;  at  the  end  of  about 

four  week*  the  pieces  look  greenish,  and  are  covered  with  mildew  sometime* 

as  thickly  as  one-sixteenth  of  an  inch  ;  this  is  brushed  off  at  interval*  of 
three  or  four  weeks,  and  in  about  six  months  the  wood  is  fit  for  use. 

Holly  is  a  remarkably  tough  clean  wood,  and  is  used  for  chucks  ;  but  this 

troublesome  preparation  to  whiten  the  wood,  (and  which  is  not  generally 
practised  on  other  woods,)  is  not  then  required,  although  a  good  boil  hastens 

the  extraction  of  the  sap,  and  the  subsequent  seasoning  of  the  wood. 

Birdlime  is  prepared  from  the  middle  bark  of  the  Holly. 

There  U  an  American  specie*  of  thU  genus,  the  Ilex  opafa,  opaqne-leared  or  American 
holly,  of  which  the  wood  U  employed  In  turnery  and  cabinet  making  ;  there  are 
other  specie*  in  the  Himalaya*. 

ll>  'KN'BEAM,  (Carpinut  Betultu,)  sometimes  also  called  yoke-elm,  is  a  very  tough 
and  stringy  European  wood,  which  is  used  by  millwrights  for  the  cogs  of 

wheels,  also  for  skittles,  plumbers'  dressers  or  mallet*,  and  a  variety  of 
things  required  to  bear  rough  usage.  Hornbeam  ia  sometimes  used  for 

planes,  it  turns  very  well,  and  is  occasionally  imported  from  America. 

HORSE  CUES  XUT,  (  JEieWtu  hippoccutum,)  has  no  relation  to  the  Spanish  or 

sweet  chesnut,  which  latter  is  more  nearly  allied  to  the  oak*.  The  horse- 
chesnut  is  one  of  the  white  wood*  of  the  Tunbridge  turner  ;  it  is  close 

and  soft,  even  in  the  grain,  and  is  much  used  for  brush  back*,  it  turns 

very  well  in  the  lathe,  and  is  a  useful  wood.  It  is  softer  than  holly,  but  is 

preferable  to  it  for  large  painted  and  varnished  works,  on  account  of  its 

greatly  superior  size. 

HORSE-FLESH  WOOD,  one  of  the  Mangroves,  which  see. 

I  M  >  I  AN  BLACK-WOOD.    See  EAST  I  XDIAX  BLACK-WOOD. 

\  WOOD,  is  imported  from  the  Brazils,  the  East  and  West  Indies,  and  other 

countries,  in  square  and  round  logs,  6  to  9  in.  and  upwards  through.  It* 

colours  are  very  dark  browns  and  reds,  sometimes  streaked,  and  generally 
straight  grained. 

A  specimen  in  Mr.  Fincham's  collection,  from  the  Isle  of  France,  was  as 
light  in  colour  a*  pencil  oedar,  but  of  a  yellower  brown  ;  and  in  the  same 

cabinet  a  piece  called  Iron  Bark,  from  New  South  Wales,  had  the 
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IRON-WOOI>— continued. 

density  of  a.  g.  1'426,  and  the  strength  of  1557,  (English  oak  being  called 
1000.)  in  appearance  it  resembled  plain  brown  Spanish  mahogany,  and  it 

seemed  to  be  not  only  the  heaviest  but  the  most  solid  of  the  woods  ;  Mr. 
Fiucham  considers  that  the  Australian  woods,  taken  on  the  whole,  are  the 

most  dense  with  which  we  are  acquainted. 

The  iron-woods  are  commonly  employed  by  the  natives  of  uncivilised 

countries  for  their  several  sharp-edged  clubs  and  offensive  weapons ;  in 

England  they  are  principally  used  for  ramrods,  walking-sticks,  for  turning, 
and  various  purposes  requiring  great  hardness  and  durability  :  the  more  red 

varieties  are  frequently  called  beef-wood. 

Iron-wood  is  a  term  applied  to  a  great  variety  of  woods,  in  consequence  of  their 
hardness,  and  almost  every  country  has  an  iron-wood  of  its  own.  Alestta  /errea, 
which  has  received  its  specific  name  from  the  hardness  of  its  wood,  is  a  native  of 
the  peninsula  of  India  and  of  the  islands. 

Metroiiderot  vera  is  called  true  iron-wood :  the  Chinese  are  said  to  make  their 
rudders  and  anchors  of  it,  and  among  the  Japanese  it  is  so  scarce  and  valuable 
that  it  is  only  allowed  to  be  manufactured  for  the  service  of  their  king.  The  iron- 
wood  of  southern  China  is  Baryxylum  nifum ;  of  the  island  of  Bourbon  Stndmannia 
Sideroxylon,  and  of  the  Cape  of  Good  Hope  Sidcruxylon  melanophleum,  which  latter 
is  very  hard,  close-grained,  and  sinks  in  water. 

The  iron-wood  of  Guiana  is  Robinia  Panacoco  (of  Aublet)  ;  that  of  Jamaica  is 
Fagara  Pterota,  and  also  Erythrorylum  areolatvm,  which  is  also  called  red-wood, 
j£ffiphila  martinicensis  and  Cocoloba  lati/Uia,  are  other  West  Indian  trees,  to 
the  woods  of  which  the  name  of  iron-wood  has  been  applied, 

Oit/ya  virffinica,  called  American  hop  hornbeam,  has  wood  exccdirgly  hard 

and  heavy,  -whence  it  La  generally  called  iron- wood  in  America,  and  in  some  places 
lever-wood. 

JAK-WOOD,  is  the  wood  of  Artocarpus  integrifolia,  or  the  entire-leaf  bread-fruit 
tree,  a  native  of  India,  is  imported  in  logs  from  3  to  5  feet  diameter, 

and  also  in  planks ;  the  grain  is  cross  and  crooked,  and  often  contains  sand. 

The  wood  is  yellow  when  first  cut,  but  changes  to  a  dull  red  or  mahogany 

colour.  It  is  very  much  used  in  India  for  almost  every  purpose  of  house 

carpentry  and  furniture,  and  in  England  for  cabinet-work,  marquetry,  and 

turning,  and  also  for  brush-backs.  The  jak-wood  is  very  abundant,  and  its 
fruit  is  commonly  eaten  by  the  natives,  and  also  sometimes  by  Europeans  at 

dessert,  with  salt  and  water,  like  olives.  The  jak-wood  is  sometimes  mis- 

named orange-wood  from  its  colour,  and  also  jack-wood,  /aacfc-wood  and 

Kuthul.  See  BAKER'S  PAPERS 

JACARANDA,  the  Portuguese  and  continental  name  for  Rose-wood,  which  see. 

*  JUNIPER-WOOD.  The  wood  of  all  the  species  is  more  or  less  aromatic,  and 
very  durable ;  they  are  found  in  the  cold  and  temperate  parts  of  the  world. 

Some  have  already  been  mentioned  under  the  head  of  Cedar.  The  common 

juniper,  Juniperut  communis,  has  wood  which  is  aromatic,  finely  veined,  and 

of  a  yellowish  brown  colour ;  J.  excelsa,  lofty  or  Himalayan  cedar,  is  found 
on  those  mountains,  as  well  as  in  Siberia  and  North  America. 

KIABOOCA-WOOD,  or  AMBOYXA  WOOD,  imported  from  Sincapore,  appears  to  be 
the  excrescence  or  burr  of  some  large  tree ;  it  is  sawn  off  in  slabs  from 

2  to  4  ft  long,  4  to  24  in.  wide,  and  2  to  8  in.  thick ;  it  resembles  the  burr 

of  the  yew-tree,  is  tolerably  hard,  and  full  of  small  curls  and  knots,  the 
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colour  is  from  orange  to  chosnut-brown,  and  sometimes  red  brown.  It 

it  a  very  ornamental  wood,  that  is  also  much  esteemed  in  Chin*  and  India, 

where  it  is  mad*  into  small  bozos  and  writing-desks,  and  other  orna- 
mental works,  the  same  as  by  ourselves, 

The  Kiabooca  is  said  by  Prof.  Reinwardt,  of  Leyden,  to  bo  the  burr  .  f 

tiioj'tfro*perm*m  imdicum  ;  by  others  that  of  Pterocarput  draco,  from  the 
Molucca*,  the  island  of  Borneo,  Amboyna,  Ac.  The  native  name  appears 

from  Mr.  Wilson  Sounders'  specimen,  to  be  SmWctd,  the  wood  itself  is 
of  the  same  colour  as  the  burr,  or  rather  lighter,  and  in  grain  resembles 
plain  mahogany. 

"  The  root  of  the  cocoa-nut  tree  is  so  similar,  when  dry  and  seasoned,  to 

the  '  bird's-eye '  part  of  the  wood  here  termed  kiabcoca,  that  I  can  perceive 
no  difference ;  the  cocoa  has  a  tortuous  and  silky  fracture,  almost  like  indu- 

rated asbestos."— CoL  Q.  A.  Llvyd. 
The  comparison  of  the  polui  wood  with  the  kiabooca,  renders  the  question 

uncertain,  as  amongst  the  multitudes  of  ordinary  curly  woody  fibres,  that  one 

cannot  account  for  in  a  palm,  there  are  a  few  places  with  soft  finable  matter 

much  resembling  its  cement 

K I  N'O-WOOD,  called  also  Violet-wood,  is  imported  from  the  Brazils,  in  trimmed 
logs  from  2  to  7  in.  diameter,  generally  pipy,  or  hollow  in  the  heart.  It  is 

beautifully  streaked  in  violet  tints  of  different  intensities,  finer  in  the  grain 

than  rose-wood,  and  is  principally  used  in  turning  and  small  cabinet-work  ; 
being  generally  too  unsound  for  upholstery.  It  is  perhaps  one  of  the  most 

beautiful  of  the  hard  woods  in  appearance. 

The  specimen  in  my  German  cabinet  is  marked  Spariium  Arbor.  Trifol. 

liyn.  violacco  barrillieri.  It  in  also  marked  Guiana-wood,  and  King-wood. 
The  description  is  sufficiently  distinct,  but  the  arbitrary  nature  of  many  of 
the  names  renders  it  difficult  to  bo  traced  in  books. 

KOURIE.    See  Pises. 

LABURNUM,  (Cytitut  Laburnum,)  possesses  poisonous  seeds,  and  a  small  dark 

greenish  brown  wood,  that  is  sometimes  used  in  ornamental  cabinet-work 

and  marquetry.  Mr.  Aikin  says :  "  In  the  Laburnum  there  is  this  peculiarity, 
which  I  have  not  observed  in  any  other  wood,  namely,  that  the  medullary 

plates,  which  are  largo  and  very  distinct,  are  white,  whereas  the  fibres  are 

a  dark  brown  ;  a  circumstance  that  gives  quite  an  extraordinary  appearance 

to  this  wood."— Page  160  of  VoL  50,  Trans.  Soc.  of  Arts. 

Ttw  Alpine  Ubunrnm,  with  blackUh  wood,  U  Cftlnu  aipima. 

\ .  A  N :  <  1 :  WOOD  is  imported  in  long  poles  from  3  to  6  in.  diameter  from  Cuba  and 

Jamaica ;  it  has  a  thin  rind,  externally  similar  to  that  of  cocoa-wood,  it  is 

called  one  of  the  rough-coated  woods,  and  has  a  bark  distinct  from  the  sap- 

wood,  but  together  they  are  very  thin.  Lance-wood  is  of  a  paler  yellow 
than  box,  and  rends  easily ;  it  is  selected  for  elastic  works,  such  as  gig 

shafts,  archery  bows,  and  springs ;  these  are  bent  by  boiling  or  steaming. 
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lance-wood  is  also  used  for  surveyors'  rods,  billiard  cues,  and  for  ordinary 
rules  which  are  described  as  being  made  of  box-wood. 

In  Captain  Baker's  Papers  an  Indian  Lance-wood  is  called  Menaban. 
The  lance-wood  of  Jamaica  is  Guatttria  virgata,  formerly  Uvaria  lanceolata.  That 

of  Guiana  is  an  Anonaceous  plant,  and  probably  tbe  same  species. 

LARCH.    -See  PINES, 

LETTER- WOOD.    See  SNAKE-WOOD. 

LEMON-TREE.    See  ORANGE-TREE. 

LEOPARD-WOOD.    See  PALMS. 

LIGNUM- VITJE,  or  Guaiacum  is  a  very  hard  and  heavy  wood.  It  is  shipped 
from  Cuba,  Jamaica,  St.  Domingo,  and  New  Providence,  in  logs  from  2^  to 

36  in.  diameter,  and  is  one  of  the  heaviest  of  the  woods.  Col.  Lloyd  says 

that  it  grows  in  the  Isthmus  of  Darien  to  the  size  of  5  or  6  ft.,  and  is  there 

called  Guallacan,  and  that  it  is  one  of  the  most  abundant  woods  of  the 

country.  When  first  cut,  it  is  soft  and  easily  worked,  but  it  becomes  much 

harder  on  exposure  to  the  air.  The  wood  is  cross-grained,  covered  with  a 

smooth  yellow  sap-like  box,  almost  as  hard  as  the  wood,  which  is  of  a  dull 
brownish  green,  and  contains  a  large  quantity  of  the  gum  guaiacum,  which 

is  extracted  for  the  purposes  of  medicine.  Lignum-vitaj  is  much  used  in 

machinery,  &c.  for  rollers,  presses,  mills,  pestles  and  mortars,  sheaves  for 

ship-blocks,  skittle-balls,  and  a  great  variety  of  other  works  requiring  hard- 

ness and  strength.  It  was  employed  by  the  Spaniards  for  making  gun- 
carriages  and  wheels. 

The  fibrous  structure  of  this  wood  is  very  remarkable  :  the  fibres  cross 

each  other  sometimes  as  obliquely  as  at  an  angle  of  30  degrees  with  the  axis, 

as  if  one  group  of  the  annual  layers  wound  to  the  right,  the  next  to  the 

left,  and  so  on,  but  without  much  apparent  exactitude. 

The  wood  can  hardly  be  split,  it  is  therefore  divided  with  the  saw ;  and 

when  thin  pieces,  such  as  old  sheaves,  are  broken  asunder,  they  exhibit  a 

fracture  more  like  that  of  a  mineral  than  an  ordinary  wood.  The  chips,  and 

even  the  corners  of  solid  blocks,  may  be  lighted  in  the  candle  and  will  burn 

freely  from  the  quantity  of  gum  they  contain,  which  is  most  abundant  in 
the  heart  wood. 

The  Bahama  lignum- vitse  has  a  very  large  proportion  of  sap-wood,  pieces 
of  8  or  10  inches  diameter  have  heart  wood  that  scarcely  exceeds  1  or  2 

inches  diameter.  One  variety  of  cocoa-wood  and  also  the  almond-wood  are 

somewhat  similar  to  lignum-vitac. 

There  are  two  species,  Guaiacum  officinale  and  G.  sanctum,  both  of  which  probably 
yield  the  lignum-vitao  of  commerce.  This  name  is  also  sometimes  applied  to  the 
•wood  of  Arbor  tilce. 

LIME-TREE,  called  also  the  Linden-tree,  Tilia,  is  common  to  Europe,  and  attains 

considerable  size.  The  wood  is  very  light-coloured,  fine  and  close  in  the 

grain,  and  when  properly  seasoned,  it  is  not  liable  to  split  or  warp.  It  is 

nearly  or  quite  as  soft  as  deal,  and  is  used  in  the  construction  of  piano- 
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forte*,  harp*,  and  other  raoaioal  instruments,  and  tor  the  miMlng  hoards  for 

curriers,  shoemakers,  Ac,  as  it  docs  not  draw  or  bun  the  knife  in  any  direc- 

tion of  the  grate,  nor  injure  its  edg«  ;  it  torna  Tory  cleanly  ;  this  wood  bu 

recently  been  used  for  the  frames  of  the  beat  japanned  chain  iuhud  with 

mother-of-pearl.  Lime-tree  is  particularly  suitable  for  earring,  from  it* 
even  texture  and  freedom  from  knots  :  the  works  of  Gibbons,  at  Windsor 

Castle  and  St,  Paul's,  London,  are  of  limo-tree,  which  wood,  as  well  as 
box-wood,  was  eulogised  by  Virgil,  Oeorgios,  book  ii.  ver.  449. 

The  Him  trrif  .  TWs  mropta.  Is  nsvalljr  dirtied  Into  •everal  upedes;  at  T.  Mtrmr- 
,  ntbra, 

LOCUST-TREE!  The  locust-tree  of  North  America  is  Robinia  pteiulttfofia. 
The  wood  is  greenish  yellow,  with  a  slight  tinge  of  red  in  the  pores,  it  is 

used  like  oak.  Locust  is  much  esteemed  for  tree-nails  for  ships,  and  for 
posts,  stakes,  pales,  Ac.,  as  it  is  very  tough  and  durable  ;  it  works  similarly 

to  ash,  and  is  very  good  for  turning. 

"  It  grows  most  abundantly  in  the  Southern  States  ;  but  it  is  pretty 
generally  diffused  throughout  the  whole  country.  It  sometimes  exceeds 

four  feet  in  diameter  and  seventy  feet  in  height.  The  locust  is  one  of  the 

very  few  trees  planted  by  the  Americans." 
"According  to  Mr.  Browne,  there  are  no  less  than  140  species  of  forest 

trees  indigenous  to  the  United  States  which  exceed  thirty  feet  in 

height  In  France  there  are  about  thirty,  and  in  Great  Britain  nearly 

the  same  number."  —  Steventon't,  Civil  Engineering  of  North  America, 

p.  183. 
*  The  locust-tree  of  the  West  Indies  and  Guiana  is  Hymenta  Courbaril, 

(Semiri,)  a  tree  from  60  to  80  feet  in  height,  and  5  or  6  feet  in  diameter  : 

the  colour  of  the  wood  of  West  Indian  locust-tree  is  light  reddish-brown, 
with  darker  veins,  and  the  mean  size  36  inches.  The  wood  in  its  native 

country  is  used  for  mill  rollers  and  cogs  of  wheels.  Another  tree  called 

Honey  Locust,  GMfachia  triacanthus,  of  which  the  wood  splits  with  great 

ease,  is  coarse  grained,  and  but  little  used. 

LOGWOOD,  called  also  Campeachy  logwood,  is  from  the  bay  of  that  name,  and 

from  Jamaica,  Honduras,  Ac.  It  is  scarcely  used  for  turning,  and  is  a  dark 

purple  red  dyewood,  that  is  consumed  in  large  quantities  :  its  botanical  name 
is  ffrrmatojeylon 

MAHOGANY,  the  9*iete*ia  Mahogoni,  is  a  native  of  the  West  Indies  and  the 

country  round  the  Bay  of  Honduras.     It  is  said  to  bo  of  rapid  growth,  and 

so  huge  that  its  trunk  often  exceeds  40  feet  in  length  and  6  feet  in  diameter. 

*  wood  was  first  brought  to  London  in  the  year  1724  ;  its  Spanish  name 

SPANISH  Mahogany  is  imported  from  Cuba,  Jamaica,  Hispaniola,  St. 

Domingo,  and  some  other  of  the  West  India  islands,  and  the  Spanish  Main, 

in  logs  from  about  20  to  26  in.  square,  and  10  ft.  long.  It  is  close-grained, 
hard,  sometimes  strongly  figured,  and  generally  of  a  darker  colour  than 
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Honduras  mahogany ;   but    its  pores  frequently  appear  as  if  chalk  had 
been  rubbed  into  them. 

HONDURAS  Mahogany  is  imported  in  logs  of  larger  size  than  the  above, 

that  is,  from  2  to  4  ft.  square,  and  12  to  18  feet  in  length  :  sometimes  planks 
have  been  obtained  6  or  7  ft.  wide.  Honduras  mahogany  is  generally  lighter 

than  the  Spanish,  and  also  more  open  and  irregular  in  the  grain ;  many  of 

the  pieces  are  of  a  fine  golden  colour,  with  showy  veins  and  figures.  The 
worst  kinds  are  those  the  most  filled  with  grey  specks,  from  which  the 

Spanish  mahogany,  (except  the  Cuba,)  is  comparatively  free. 

Specimens  of  the  leaves,  and  of  the  handsome  seed-vessels  of  the  maho- 

gany tree,  are  in  Sir  W.  Symonds's  museum. 
Both  Spanish  and  Honduras  mahogany  are  supposed  to  be  produced  by  the  same  tree, 

Swiftenia  Mahogoni  of  botanists,  but  some  suppose  that  the  Honduras  is  the  •wood 
of  a  different  species,  (V.  Don,  Syst,  1.  p.  688,)  but  Long,  in  his  history  of  Jamaica, 
says,  "What  grows  on  rocky  grounds  is  of  small  diameter  but  of  closer  grain, 
heavier  weight,  and  more  beautifully  veined ;  what  is  produced  in  low  and  rich 
moist  land  is  larger  in  dimensions,  more  light  and  porous,  and  of  a  pale  complexion. 
This  constitutes  the  difference  between  the  Jamaica  wood  and  that  which  is  col- 

lected from  the  coast  of  Cuba  and  the  Spanish  Main ;  the  former  is  mostly  found  on 
rocky  eminences,  the  latter  is  cut  in  swampy  soils  near  the  sea-coast." 

AFRICAN  Mahogany,  (Swietenia  seneyalensis,)  from  Gambia,  is  a  more 

recent  importation ;  it  twists  much  more  than  either  of  the  above,  and  is 

decidedly  inferior  to  them  in  all  respects  except  hardness.  It  is  a  good 

wood  for  mangles,  curriers'  tables,  and  other  uses  where  a  hard  and  cheap 
wood  of  great  size  is  required :  it  admits  of  being  turned  equally  as  well  as 
the  others. 

African  mahogany  is  the  wood  of  Khaya  tenegaletitit,  a  genus  very  closely  allied  to 
the  Swietenia. 

Mahogany  shrinks  but  little  in  drying,  and  twists  and  warps  less  than  any 

other  wood ;  on  which  account  it  is  used  for  founders'  patterns,  and  other 
works  in  which  permanence  of  form  is  of  primary  importance.  For  the 

same  reason,  and  from  its  comparative  size,  abundance,  soundness,  and  beauty 
it  is  the  most  useful  of  the  furniture  woods,  and  it  holds  the  glue  the  best  of 

all.  Mahogany  is  also  used  for  a  variety  of  turned  works,  apart  from 

upholstery  and  cabinet-work.  The  Spanish  mahogany  is  in  general  by  far 
the  best,  although  some  of  the  Honduras  nearly  approaches  it,  except  in 

hardness  and  weight.  The  African  is  by  no  means  so  useful  or  valuable  as 

either  of  the  above,  especially  as  it  alters  very  much  in  drying. 

There  are  two  other  species  of  Swietenia,  besides  the  Mahogany  tree, 

which  are  natives  of  the  East  Indies :  the  one,  a  large  tree  of  which  the 

wood  is  of  a  dull  red  colour,  and  remarkably  hard  and  heavy  ;  the  other 

is  only  a  middle-sized  tree,  the  wood  of  which  is  close-grained,  heavy,  and 
durable,  of  a  deep  yellow  colour,  and  much  resembles  boxwood  ;  but  neither 

of  these  species  is  in  common  use  in  this  country. — Tredgold. 
The  first  of  these  trees  was  formerly  referred  to  Swietcnia,  but  is  now  Soymida  fcbri- 
/i'ya,  the  second  is  probably  Chloroxylon  Stcietenia,  which  is  the  Satin-wood  of 
India  and  Ceylon.  A  third  species  much  admired  for  its  light  colour,  close  grain, 
and  being  elegantly  veined,  is  the  Chikranee  of  the  natives,  and  Chikrastia  tabu- 
larit  of  botanists :  the  wood  is  much  employed  in  making  furniture  and  cabinet- 

work. The  wood  of  the  Toon-treo,  C'edrela  Toona,  is  sometimes  called  Indian Mahogany. 
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HAN  ft  large  troo  of  the  Wort  Indies  and  South  America  •  the  wood 
pomomoa  aom«  of  the  general  characters  of  mahogany  and  U  similarly  uaed 

1.  ut  it  U  nnicli  leas  common.  The  wood  isdescribedas  being  yellow  brown, 
beautifully  clouded,  and  very  close,  hard,  and  durable.  It  is  said  the  Indian* 

poison  their  arrows  with  iU  juioe,  and  that  the  wood-cutters  make  a  fire 
around  it  before  felling  it,  to  cause  the  poisonous  sap  to  run  out,  to  avoid 

injuring  their  eyes. 

This  has  been  accurately  described  in  Bancroft's  Guiana,  p.  86-7,  and 
Colonel  Lloyd  says  of  it  :  "  The  juice  of  this  tree  is  a  most  deadly  poison  ; 
it  bears  a  little  apple  appearing  so  like  the  English  fruit,  and  so  tempting, 

that  many  now  comers  have  been  poisonod  by  eating  it.  The  tree  is  poison- 
ous while  green  ;  sleeping  under  it  has  the  most  deadly  effect,  and  I  have 

myself  been  blistered  most  severely  by  passing  under  one  in  a  shower  of 
rain,  when  some  of  the  drops  have  fallen  on  me  ;  its  effects  are  like  molten 

lead." annnella,  to  th*  Mraehined-trce  of  the  West  Indict.    Camtraria  laU- 
/Ma  to  called  bastard  ManchlaceL 

MANGROVE.  Native  woods  of  the  shores  of  the  tropics,  bearing  this  name,  and 

those  of  Mango,  Mangle,  Maniglier  (Fr.)  &c.,  differ  very  much  in  kind  : 

some  that  I  have  examined  bear  the  appearance  of  very  indifferent  ash  and 

elm,  others  of  good  useful  woods  of  the  same  kind,  some  are  dark  coloured, 

and  many  of  them  have  the  red  mahogany  character. 

One  of  the  latter  kind  known  to  our  cabinet-makers,  has  lees  of  the  brown 
and  more  of  the  red  tint  than  mahogany,  it  becomes  darker  on  exposure, 

but  not  in  general  as  much  so  as  mahogany.  This  mangrove  is  straight- 
grained,  hard,  and  elastic,  and  stands  almost  better  than  Spanish  mahogany, 

and  it  is  therefore  preferred  for  straight-edges  and  squares. 

A  specimen  hi  Mr.  Loddiges's  collection,  named  Rhizopkora  dtcandra, 
and  another  Mangle  vermelAo,  both  from  Rio  Janeiro,  much  resembled  the 

beautiful  wood  hut  described,  as  likewise  the  Savacoa,  (see  Acacia,)  although 

in  grain  it  is  somewhat  coarser. 

"  The  timbers  are  very  much  valued  for  ship-building,  and  a  large  quan- 

tity comes  from  Crab  Island  and  Porto  Rico."  —  CoL  Q.  A.  Lloyd, 
The  mangrove-tret  in  Rkteophora  Mangle,  at  which  the  wood  to  employed  In 

making  stare*  for  sugar  hogshead*.  Growing  in  the  name  situations  with  it  are 
two  tree*  to  which  the  name  mangrovt  to  atoo  applied  :  the  Ou 
to  called  white  mangrove  by  Sloane,  and  JHcmKia  tommtota,  olire  mangrove. 
O»<*»W«  *ri/tra,  sea  ride  grape,  atoo  grows  in  the  name  situations,  and  to  a  Urge 
tree  of  which  the  wood  to  of  a  reddtoh  colour. 

MAPI.K,  is  considered  to  be  allied  to  the  Sycamore,  which  is  sometimes  called  the 

great  maple,  (Acer  Pmtdo-plata***,)  or  the  plane-tree.  The  English,  or 
common  maple,  is  of  this  kind  ;  its  colour  is  pale  yellow  brown,  and  it  is 

only  used  for  ordinary  Tunbridge-ware,  such  as  boxes,  butter  prints,  Ac. 

The  American,  especially  that  from  Prince  Edward's  Island,  is  very 

beautiful,  and  distinguished  as  bird's-eye  maple  and  mottled  maple.  The 
latter  is  principally  used  for  picture-frames  ;  the  former  is  full  of  small 
knots  that  give  rite  to  its  name  :  the  grain  varies  accordingly  as  the  saw 
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has  divided  the  eyes  transversely  or  longitudinally,  as  pieces  cut  out  in 

circular  sweeps,  such  as  chair  backs,  sometimes  exhibit  both  the  bird's  eye 
and  mottled  figures  at  different  parts.  Much  sugar  is  made  in  America  from 

this  variety  of  maple.  The  common  maple,  (Acer  campestris,)  is  very  much 

used  in  America  for  house-carpentry  and  furniture. 

The  so-called  Russian  maple  is  considered  to  be  the  wood  of  the  birch- 
tree  ;  it  is  marked  in  a  manner  similar  to  the  American  maple,  but  is  unlike 

.  it,  inasmuch  as  there  are  little  stripes  that  appear  to  connect  the  eyes,  which 

in  the  American  are  quite  distinct,  and  arise  from  a  different  cause,  which 

is  explained  at  page  38.  All  but  the  first  are  much  used  in  handsome 

cabinet-work,  and  their  diversities  of  grain  are  very  beautifully  shown  in 
turned  works.  Some  of  the  Russian  birch  is  beautifully  yellow. 

Acer  campestre  is  the  common  maple,  and  A.platanoidet  the  platanus-like  or  Norway 
maple,  while  A.  pseudo-platanut  is  the  great  maple,  sycamore,  or  mock  plane-tree. 
A.  saccharinum  is  the  sugar  maple,  and  its  wood  is  often  called  bird's-eye  maple. 
A.  rubrum,  circinatum,  striatum,  and  eriocarpum,  are  other  American  species 
of  which  the  timber  is  employed  and  more  or  less  valued.  Acer  oblongwn, 
eultratum,  caudatum,  sterculiactum,  and  villotum,  are  Himalayan  species  of  which 
the  timbers  may  be  employed  for  the  same  purposes. 

MARACAYBO  is  a  furniture  wood  of  moderate  size,  as  hard  as  good  mahogany, 

and  in  appearance  between  it  and  tulip-wood.  It  is  sometimes  called 

Maracaybo  cedar,  but  it  has  no  resemblance  to  the  cedar,  although  it  may 

grow  in  the  vicinity  of  the  Bay  of  Maracaybo.  A  wood  in  Mr.  Morney's 
collection  from  Rio  Janeiro,  marked  Maraeauba,  is  similar  to  the  above. 

MEDLAR- TREE,  (Mespilua  germanica,)  the  wood  is  white,  soft,  and  being  small 
is  not  much  used,  except  for  walking-sticks. 

MICOCOULIER.    See  NETTLE-TREE. 

*  MORA-WOOD.  Specimens  of  the  Mora- tree  were  brought  home  by  Mr.  Schom- 
burgk,  and  have  been  described  by  Mr.  Bentham  under  the  head  Mora 

excelsa;  the  tree  is  100  feet  high,  and  abundant,  the  wood  is  close-grained 

like  teak,  and  superior  to  oak,  esteemed  for  ship -building,  and  likewise  fitted 

for  knees  from  the  branches  growing  crooked ;  in  colour  it  resembles  mode- 
rately red  mahogany. 

MOSATAHIBA.    See  MUSTAIBA. 

MULBERRY-TREE,  (Morus,)  consists  of  about  twenty  varieties,  of  which  the 

yellow  fustic  is  one  that  is  imported  in  considerable  quantities  from  Rio  de 

Janeiro.     Bergeron  very  strongly  recommends  the  white  mulberry,  which 

he  describes  as  similar  to  elm,  but  very  close  in  the  grain,  and  suitable  for 

furniture.     He  says  the  white  is  greatly  superior  to  the  black  mulberry. 
Morut  nigra  i»  the  black,  and  Morus  alba  the  white  mulberry ;  there  are  several 

other  species  of  which  the  wood  is  esteemed  for  it«  toughness,  as  of  Morut  part*. 
folia  in  India,  for  hardness  and  tenacity.    See  FUSTIC. 

MUSTAIBA,  from  the  Brazils  and  Rio  Janeiro,  is  imported  in  logs  about  7  by 
10  in.,  also  in  planks ;  it  is  generally  of  an  inferior  rosewood  character,  but 
harder,  and  is  sometimes  equally  good ;  the  veins  are  of  a  chesnut  brown, 
running  into  black.  In  its  grain  it  resembles  some,  of  the  iron- woods  and 
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MUSTAIBA— eoft/miMdl 

black  partridge-wood,  it  ha*  fewer  resinous  veins  than  tho  rose- woods. 

Moastahiba,  M  well  M  lignum- vitoe,  coooo-wo<xl,  *c.,  is  u«od  at  Sheffi. 

the  handle*  of  ghsim'  and  other  knives  ;  some  of  the  better  kinds  are  very 
good  for  turning,  as  the  wood  ia  close,  sound,  and  heavy. 

I  have  oopiod  the  Portuguese  name  for  this  wood  from  Mr.  Moraey'a  and 

Mr.   a  apecimens  in  Sir  W.  Symonds'  collection ;  it  is  known  in  England 
as  Moeatahiba. 

NBTTl.i:  TKKK,  (OtUit  owfrato,)  Aficocoulitur  of  the  French,  boa  wood  that  is 

compact,  between  oak  and  box  for  density,  and  take*  a  high  polish  ;  it  is 

described  in  the  French  works  as  a  heavy,  dark,  close  wood,  without  bark, 

very  durable  and  free  from  flaws.  It  is  said  to  be  used  for  flutes,  and  for 

carving ;  it  is  also  called  bou  dt  Perpiynan. 

NICARAGUA-WOOD,  a  native  of  South  America,  is  imported  from  the  Bay  of 
iragua,  and  also  from  St.  Lucia,  Rio  de  la  Hacho,  Mexico,  &<x,  in  rough 

groovy  logs  without  sap,  that  measure  from  2  to  9  inches  through,  and  2  to 
8  feet  long. 

Another  sort,  from  Lima,  Jamaica,  and  Peru,  called  by  the  dyers  Peach- 
wood,  apparently  from  the  colour  for  which  it  is  used,  ia  shipped  in  logs 

sometimes  ss  large  as  18  in.  diameter,  and  6  ft  long.  Both  are  similar  to 

Brazil-wood  in  colour,  and  are  generally  too  unsound  for  turning. 
The  tree*  yielding  Nicaragua  and  Peach  wood*  hare  not  been  yet  ascertained,  but 

hare  been  supponcd  to  be  specie*  of  Cftalpinia,  or  of  llertnatotylon,  but  they  may 
be  very  distinct,  as  coloured  woods  belong  to  other  genera. 

NUTMEG- WOOD.    See  PALM. 

OAK,  (Qttercut).  Of  this  valuable  timber  there  are  two  kinds  common  to  England, 

and  several  others  to  the  Continent  and  America.  Oak  of  good  quality 

is  more  durable  than  any  other  wood  that  attains  the  same  size ;  its 

colour  is  a  well-known  brown.  Oak  is  a  most  valuable  wood  for 

ship-building,  carpentry,  frames,  and  works  requiring  great  strength  or 

exposure  to  the  weather ;  also  for  the  staves  of  casks,  spokes  of  wheels 

generally,  and  the  naves  of  waggon-wheels,  for  tree-nails,  and  numerous 
small  works.  The  red  varieties  are  inferior,  and  are  only  employed  for 

ornamental  furniture. 

The  English  oak  is  one  of  the  hardest  of  the  species ;  it  is  considerably 

harder  than  the  American,  called  white  and  red  Canada  oak,  or  than  the 

wainscot  oak  from  Memel,  Dantzic,  and  Riga ;  the  latter,  which  are  the 

more  interspersed  with  the  ornamental  markings  or  flower,  from  the  septa 

or  medullary  rays  in  the  wood,  are  the  least  suitable  as  timber. 

The  wainscot  oak  of  Norway  is  remarkably  straight,  and  splits  easily ; 

so  much  so,  that  it  is  the  practice  of  the  country  to  bore  a  small  hole  in  the 

top  of  the  tree  at  the  beginning  of  the  winter,  and  to  fill  it  with  water,  the 

expansion  of  which  in  freezing  rends  the  tree  from  top  to  bottom. 

Considerable  quantities  of  oak  are  imported  from  Italy,  Istria,  and  Styria, 

and  they  are  considered  to  be  of  good  growth  and  perhaps  equal  to  the 

English  in  quality ;  they  are  used  in  our  Government  dock-yards. 
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OAK — continued. 

The  LIVE  OAK  is  a  fine  tree,  that  is  met  with  in  the  Southern  States  of 

North  America ;  it  is  very  different  in  appearance  from  the  others,  as  the 

veins  are  small,  and  more  evenly  distributed  throughout  the  wood :  it  is 

used  in  America,  along  with  the  North  American  red  cedar,  for  their  finest 

ships ;  it  is  considered  to  be  durable  when  dry,  but  not  when  exposed  to  wet. 

"  The  sea  air  seems  essential  to  its  existence,  for  it  is  rarely  found  in  the 

forests  upon  the  mainland,  and  never  more  than  15  or  20  miles  from  the 

shore."  "  The  live  oak  is  commonly  40  or  50  feet  in  height,  and  from  1  to 

2  feet  in  diameter,  but  it  is  sometimes  much  larger." — Stephenson's  Civil 
Engineering  of  North  America,  p.  181. 

There  is  also  a  fine  evergreen  oak  in  the  Cordilleras  of  the  Andes. 

An  Asiatic  Oak,  Quercus  Amhcrstiana,  (No.  341,  Dr.  Wallich's  collection,) 
from  Martaban,  appears  to  be  a  fine  dense  wood,  and  as  dark  as  our  black 
walnut. 

The  AFRICAN  OAK  is  well  adapted  to  the  construction  of  merchant- vessels, 

but  it  is  apt  to  splinter  when  struck  by  shot,  it  is  therefore  less  used  for 

ships  of  war.  They  are  all  softened  by  steaming,  and  are  then  much  more 

easily  cut  or  bent ;  the  African  bends  less  than  the  others,  and  is  the 

darkest  in  colour,  but  it  has  not  the  silver  grain  nor  the  variegated 

appearance  of  the  others,  it  is  sometimes  called  Teak  (which  see). 
Of  the  British  Oak  there  are  two  distinct  species  according  to  modern  botanists.  The 

Queretu  Robur,  sometimes  called  pedunculata,  has  acorns  which  are  supported  on 
long  footstalks  or  peduncles  ;  this  timber  is  considered  by  some  superior  to  that  of 
the  other  species,  Q.  tessiliflora,  but  this  probably  depends  on  situation,  as  the  strength 
and  toughness  of  this  kind,  as  well  as  its  durability,  have  been  proved  to  be  great. 
Dr.  Lindley  says  its  wood  may  be  known  by  its  medullary  rays  or  silver  grain  being 
BO  far  apart  that  it  cannot  be  rent,  and  this  gives  it  quite  a  peculiar  aspect. 

Quercus  Ilex,  the  evergreen  or  holm  Oak,  is  common  to  the  South  of  Europe ; 
the  wood  is  hard,  heavy,  and  tough.  Q.  Suber  is  the  cork  tree.  Q.  Cerris,  called  the 
Turkey  Oak,  is  common  in  the  south-east  of  Europe  ;  its  timber  is  ornamental, 
being  beautifully  mottled,  in  consequence  of  the  abundance  of  its  silvery  grain,  and 
is  supposed  to  be  often  as  good  as  any  other ;  the  Sardinian  oak  is  apparently  pro- 

duced by  it.  The  Wainscot  Oak  is  supposed  by  some  to  be  produced  by  Q.  Cerrit. 
Dr.  Lindley  considers  it  to  be  a  variety  of  Q.  settiliJJora,  grown  fast  in  rich  oak 
land.  O.  hitpanica,  the  Spanish  oak,  and  Q.  auflriaca,  the  Austrian  oak,  are  found 
in  the  countries  from  which  they  are  named  ;  and  Q.  JEgilop*  is  the  Valonia  oak, 
abounding  in  Greece  and  Asia  Minor,  from  which  countries  such  largp  quantities 
of  its  acorns  are  imported  into  England.  Q.  Crinita  is  common  in  Asia  Minor, 
yields  excellent  timber,  and  is  employed  by  the  Turks  in  naval  architecture. 

The  American  Oaks  are  numerous,  but  the  timber  of  Quercvs  alba,  or  the  white 
oak,  comes  nearest  to  the  English  Oak,  and  is  largely  exported  to  England  as  well 
as  to  the  West  Indies.  Q.  rirent,  the  live  oak,  is  confined  to  the  southern  of  the 
United  States,  and  is  also  found  in  Texas ;  it  is  said  to  yield  the  best  oak  in  America, 
the  timber  being  heavy,  compact,  and  fine  grained. 

Q.  tinctnria,  dyers'  or  black  oak,  is  best  known  from  its  inner  bark  being  used 
as  a  yellow  dye,  under  the  name  of  Quercitron  ;  its  wood  is  strong  but  coarse.  The 
Mhcr  American  oaks  are  inferior  in  the  quality  of  their  timber.  Besides  these 
there  are  Indian  and  Himalayan  oaks  :  the  timber  of  some  of  the  latter  is  excellent 
in  quality. 

The  African  Oak,  or  Teak  as  it  is  also  called,  is  not  a  species  of  Qutrcut,  V.  Teak. 

OLIVE-WOOD,  principally  imported  from  Leghorn,  is  the  wood  of  the  fruit-tree 

(Oka  europea) ;  it  is  much  like  box,  but  softer,  with  darker  grey-coloured 

veins.  The  roots  have  a  very  pretty  knotted  and  curly  character ;  they 
are  much  esteemed  on  the  Continent  for  making  embossed  boxes,  pressed 
into  engraved  metallic  moulds. 
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Thcro  is  another  wood,  apparently  from  South  America,  called  Olive-wood, 
but  it  does  not  agree  in  colour,  either  with  the  fruit  or  wood  of  the 

olive-tree,  but  it  of  a  greenish  orange,  with  broad  stripes  and  marks  of  a 
darker  brown  tint  ;  it  is  a  handsome  wood  for  turning,  but  not  very  hard. 

El+odadrv*  gtatteum  !•  called  bob  foUn,  bat  there  to  no  proof  that  It  yield*  the 
oUrc-wood  alluded  to,  M  the  country  from  which  thi»  u  imported  U  not  distinctly 
known. 

OMANDER    See  COBOMAVDEL. 

ORANGE-TREE.  The  orange,  lemon  and  lime  trees,  (Citrut,)  are  evergreens  that 
seldom  exceed  about  15  feet  in  height  The  wood  is  only  met  with  as  an 

object  of  curiosity  :  it  is  of  a  yellow  colour,  but  devoid  of  smell.  Ste 
APRICOT-TBM. 

The'orante  U  Citnu  Junntium,  the  lemon,  C.  JUmottmm,  the  lime  C.  LimtU*,  and the  citron  C.  MtJira. 

I'  A  I.M-TREES.  Two  or  three  varieties  only,  of  the  four  or  five  hundred  which 
are  said  to  exist,  are  imported  into  this  country  from  the  East  and  West  Indies  : 

they  are  known  in  England  by  the  names,  palm,  palmetto,  palmyra,  and 

nutmeg,  leopard,  and  porcupine  wood,  &c.,  from  their  fancied  resemblances, 

as  when  they  are  cut  horizontally,  they  exhibit  dots  like  the  spice,  and 

when  obliquely,  the  markings  assimilate  to  the  quills  of  the  porcupine. 

The  trunks  of  the  palms  are  not  considered  by  physiological  botanists  to 

be_true  wood,  they  all  grow  from  within,  and  arc  always  soft  and  spongy 

in  the  centre,  but  are  gradually  harder  towards  the  outside  :  they  do  not 

possess  the  medullary  rays  of  the  proper  woods,  but  only  the  vertical  fibres, 

which  are  held  together  by  a  much  softer  substance,  like  pith  or  cement,  so 

that  the  horizontal  section  Lit  always  dotted,  by  which  they  may  be  readily 

distinguished  from  all  true  woods.  The  colours  and  hardness  of  the  two 

parts  differ  very  materially,  and  I  am  enabled,  through  the  kindness  of  Sir 

James  Sutherland  and  Colonel  Sykes,  to  give  the  distinctive  names  of 
three  to  which  I  shall  advert 

The  Areca  Catechu,  or  betle-nut  palm,  is  remarkably  perpendicular;  it 
grows  to  the  height  of  about  30  feet,  and  rarely  exceeds  4  or  5  in.  diameter; 

it  bean  a  small  tuft  of  leaves,  and  the  fruit  is  in  clusters  like  grapes.  The 

betle-nut  is  chewed  by  the  Indians  along  with  quicklime,  and  the  leaf  of 
the  Piper  Betle,  in  the  manner  of  tobacco.  The  general  colour  of  the  wood 

is  a  light  yellow  brown  ;  the  fibres  are  large,  hard,  and  only  a  few  shade* 

darker  tlian  the  cementitious  portions. 

The  Coco*  nuci/era,  or  cocoa-nut  palm,  flourishes  the  beet  in  sandy  spots 

near  the  sea-beach,  and  sometimes  grows  to  90  ft.  In  height  and  3  ft  in  diameter, 
but  is  generally  less  ;  it  is  rarely  quite  straight  or  perpendicular,  and  has 

broad  pendent  leaves  from  12  to  14  feet  long,  in  the  midst  of  which  is  a  sort 

of  cabbage,  which,  as  well  as  the  fruit,  the  cocoa-nut,  is  eaten  :  the  husk  of 

the  nut  supplies  the  material  for  coir-rope  and  matting.  No  part  of  this 
interesting  tree  is  without  its  grateful  service  to  the  Indian  :  the  leave*  are 

VOL.  i.  a 
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PALM-TREES— continued. 

used  for  making  baskets,  mats,  and  the  covering  of  his  dwelling ;  he  also 

obtains  from  this  tree,  oil,  sugar,  palm-wine  and  arrack  ;  and  although  the 

upper  part  of  the  trunk  is  soft  and  stringy,  the  lower  supplies  a  useful  wood, 
the  fibres  of  which  are  of  a  chesnut  brown,  and  several  shades  darker  than 

the  intermediate  substance,  the  wood  is  employed  for  joists,  troughs  for 

water,  and  many  purposes  of  general  carpentry.  The  Asiatic  Society  has 

specimens  marked,  male,  1st,  2nd,  3rd,  4th  sorts,  and  the  same  number  of 

female  varieties ;  no  material  distinction  is  observable  between  them. 

The  Niepei-e  palm  is  much  darker  than  either  of  the  preceding  kinds ; 
the  fibres  are  nearly  black  and  quite  straight,  and  the  cement  is  of  a  dark 

brown,  but  in  other  varieties  with  these  black  fibres,  the  softer  part  is  very 

light-coloured,  and  so  friable  that  it  may  be  picked  out  with  the  fingers. 
Colonel  G.  A.  Lloyd  informs  me,  that  at  the  Isthmus  of  Darien,  they  use 

the  fibres  of  some  of  the  palms  as  nails  for  joinery- work. 

Palmyra-wood,  or  that  of  Borassus  flabelliformis,  says  Mr.  Laird,  is 
largely  imported  into  Madras  and  Pondicherry,  from  the  Jaffna  district  at 

the  northern  part  of  Ceylon,  for  the  construction  of  flat  roofs,  the  joists  of 

which  consist  of  two  slabs,  the  third  or  fourth  part  of  the  tree,  bolted 

together  by  their  flat  sides  so  as  to  constitute  elliptical  rafters.  They  are 

covered  first  with  flat  tiles,  and  then  with  a  white  concrete  called  Chunam, 

consisting  of  shell  lime,  yolks  of  eggs,  and  Jaggree,  (sugar,)  beaten  together 

with  water  in  which  the  husks  of  cocoa-nuts  have  been  steeped. 
The  prickly  pole  (Cocos  guianeiisis)  of  Jamaica,  &c.,  a  palm  growing  40  feet 

high,  and  of  small  diameter,  is  said  to  be  very  elastic,  and  fit  for  bows  and 

rammers. — Capt.  Symonds. 

The  palm  woods  are  sparingly  employed  in  England  for  cabinet  and 

marquetry  work,  and  sometimes  for  billiard  cues,  which  are  considered  to 

stand  remarkably  well ;  they  are  also  turned  into  snuff-boxes,  &c.  The 
smaller  kinds  are  imported  under  the  names  of  Partridge  canes,  (called  also 

Chinese  or  fishing  canes,)  Penang  canes  from  the  island  of  that  name,  together 

with  some  other  small  palms  which  are  used  for  walking-sticks,  the  roots 
serving  to  form  the  knobs  or  handles.  The  knobs  of  these  sticks  exhibit 

irregular  dots  something  like  the  scales  of  snakes ;  these  arise  from  the  small 

roots  proceeding  from  the  principal  stem,  which  latter  shows  dotted  fibres  at 
each  end  of  the  stick,  and  streaks  along  the  side  of  the  same. 

The  twisted  palm  sticks,  are  the  central  stems  or  midribs  of  the  leaves  of 

the  date  palm ;  they  are  twisted  when  green,  and  stretched  with  heavy 

weights  until  they  are  thoroughly  dry  :  they  are  imported  from  the 
Neapolitan  coast,  but  are  considered  to  be  produced  in  Egypt. 

The  bamboos,  which  like  the  palms  are  endogeus,  are  used  in  India  and 

China  for  almost  every  purpose  in  the  arts;  amongst  others,  in  working  iron 

and  steel,  as  the  bamboo  is  preferred  as  fuel  in  this  art,  the  large  pieces  serve 

as  the  blowing  cylinders,  the  small  as  the  blast-pipe,  and  also  when  combined 

with  a  cocoa-uut  shell  constitutes  the  hookah  of  the  artisan.  In  England  the 
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bamboo*,  and  several  of  Uio  solid  cane*,  arc  used  as  walking-sticks,  and  for 

umbrella  and  parasol  stick*. 

The  shell*  of  the  cocoa-nut  and  coquilla-nut,  and  the  kernels  of  the  areca 

or  betle-nut,  and  those  of  the  coroeos  or  ivory-nut,  liavo  likewise  their  uses 
in  our  workshops,  fin  ScrPLZJumr,  pages  111  and  112,  of  this  Catalogue. 

)EB,  a  name  used  on  the  Continent  for  rosewood. 

There  U  eonsiderabte  irregularity  la  the  employment  of  thU  nun* ;  In  the  work  of 
Bergeron  a  kind  of  striped  ebony  U  agored  M Mi  *  Palijr<mdre,  In  other  French 
works  this  BUM  k  eonridend  a  qrnonym  of  M*  rWd,  and  »ut«d  M  •  wood 
brought  by  the  Dutch  from  their  South  American  ootoniee,  and  modi  esteemed. 

A  OOD  is  the  produce  of  the  Brazils,  and  the  West  Indian 

it  U  sent  in  large  planks,  or  in  round  and  square  logs,  called  from 

their  tints  red,  brown,  and  black,  and  also  tweet  partridge ;  the  wood  is 

dose,  heavy,  and  generally  straight  in  the  grain.  The  colours  are  variously 

mingled,  and  most  frequently  disposed  in  fine  hair-streaks  of  two  or  three 
shades,  which  in  some  of  the  curly  specimens  cut  plankways  resemble  the 

bathers  of  the  bird ;  other  varieties  are  called  pheasant- wood.  The  partridge 

woods  are  very  porous ;  cut  horizontally  the  annual  rings  appear  almost 

M  two  distinct  layers,  the  one  hard  woody  fibre,  the  other  a  much  softer 

substance  thickly  interspersed  with  pores :  this  circumstance  gives  rise  to 

its  peculiar  figure,  which  often  resembles  that  of  the  palm-tree  woods. 

Partridge-wood  was  formerly  employed  in  the  Brazils  for  ship-building, 

and  is  also  known  in  our  dock-yards  as  Cabbage-wood  :  the  red -coloured 
variety  is  called  Angtlhn  and  Cangtlim  in  the  Brazil*,  and  Yara  in  Cuba: 

a  specimen  in  one  of  the  collections  at  the  Admiralty  is  marked  "Bastard 

Cabbage- wood,"  And  Ira  t'twrmfc 
It  is  now  principally  used  for  walking-sticks,  umbrella  and  parasol  sticks, 

and  in  cabinet- work  and  turning ;  the  ladies  have  patronised  it  also  for  fans. 

The  partridge-wood  imported  from  the  Weet  Indie*  U  yielded  by  Htitttria  ooccinta. 
The  wood  of  several  tree*  is  no  doubt  iactaded  under  this  name. 

PBACH-WOOD.    See  NICARAGUA-WOOD. 

I'yrtu  communu,)  u  u  native  of  Europe.  The  wild  trees  are 
{<rincipally  uaed,  and  they  may  bo  obtained  from  7  to  14  inches  diameter. 

The  colour  i.->  a  light  brown,  approaching  that  of  pole  mahogany  or  cedar, 

generally  less  red  than  the  apple-tree. 

It  is  one  of  the  brown  woods  of  the  Tunbridge-turner,  by  whom  it  is  much 
used ;  and  it  is  esteemed  a  very  good  wood  for  carving,  as  it  cute  with 

nearly  equal  facility  in  all  directions  of  tho  grain,  and  many  of  the  old 

works  are  cut  in  it.  It  U  now  much  used  for  tho  engraved  blocks  for 

calico-printers,  paper-stainers,  and  pastry-cooks;  it  does  not  stand  very 
well,  unless  it  is  exceedingly  well  seasoned. 

Some  pieces  of  pear-tree  much  resemble  lime-tree  from  being,  in  the 

language  of  the  workmen,  "  without  grain,"  but  the  pear-tree  is  harder  and 
tougher,  and  has  a  few  darker  streaks :  they  are  used  however  for  similar 

B  2 
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PERXAMBOUCA.    See  BRAZIL-WOOD. 

PERUVIAN- WOOD,  a  fine  sound  wood  so  called,  is  of  the  rose-wood  character, 
and  measures  about  12  to  16  inches  through ;  it  is  harder,  closer,  and 

lighter  in  colour  than  rose-wood  with  a  straighter  distribution  of  its  dark 

red-brown  and  black  veins ;  it  has  no  scent.  Its  true  name  and  locality  are 
unknown. 

PIGEOX-WOOD.  Mr.  Loddiges'  specimen  is  of  the  colour  of  walnut-tree,  with 
blackish  cloudy  marks ;  another  from  Jamaica,  at  the  Society  of  Arts,  is  of 

a  brown  orange-colour ;  the  latter  is  the  more  general  tint  of  the  woods  thus 
named.  See  ZEBRA-WOOD. 

PIXES  and  FIRS,  (Pinus,)  constitute  a  very  numerous  family  of  cone-bearing 
timber-trees,  that  thrive  the  best  in  cold  countries.  The  woods  differ 

somewhat  in  colour,  partly  from  the  greater  or  less  quantity  of  resinous 

matter  or  turpentine  contained  in  their  pores,  which  gives  rise  to  their 

popular  distinctions,  red,  yellow,  and  white  firs  or  deals,  and  the  red,  yellow 

and  white,  spruce,  or  pitch  pines,  and  larches.  They  are  further  distinguished 

by  the  countries  in  which  they  grow,  or  the  ports  from  whence  they  are 

shipped,  as,  Norway,  Baltic,  Memel,  Riga,  Dantzic,  and  American  timber  ; 
Swiss  deal ;  &c. 

The  general  characters  of  the  wood,  and  its  innumerable  uses  besides 

those  of  ship  and  house  carpentry,  are  too  generally  known  to  call  for  any 

description  in  this  place ;  but  those  who  may  require  it  will  find  abundant 

information  in  Tredgold's  Carpentry,  pages  208  to  218.  The  Swiss  deals, 
imported  under  the  name  Belly-boards,  are  used  for  the  sounding-boards  of 
musical  instruments.  The  larch  is  particularly  durable,  from  the  quantity 

of  turpentine  it  contains ;  it  has  of  late  been  considerably  employed  in  her 

Majesty's-  dockyards  for  naval  architecture,  as  likewise  the  Hacknietack 
larch  :  larch  is  considered  the  best  wood  for  the  sleepers  of  railways;  its  bark 

is  also  used  for  tanning.  "  The  American  pitch-pine  is  likewise  exceedingly 
durable,  and  is  much  used  in  the  West  Indies,  &c.,  for  flooring,  as  it  is  free 

from  the  attacks  of  the  white  ant."  The  white  hemlock,  from  St.  John's, 
New  Brunswick,  Halifax,  contains  very  little  turpentine,  and  is  remarkably 

free  from  knots :  it  is  sometimes  imported  from  2  to  3  feet  square,  and 

60  to  70  feet  long,  and  is  suitable  for  piling,  the  staves  of  dry  casks,  &c.;  it 

stands  extremely  well. 

The  Cowdie,  Kaurie,  or  New  Zealand  Pine,  or-  Dammar  a  australis,  is  the 
most  magnificent  of  the  coniferous  woods,  although  not  a  true  pine.  It  is 

said  to  grow  from  4  to  12  feet  diameter;  one  that  had  been  blown  down  by 

the  wind  was  found  by  Brown  to  measure  upwards  of  170  feet.  The  Norfolk 

Island  pine,  Araucaria  cxcelsa,  has  enormous  knots,  which  were  noticed 

at  page  37. 

In  Norway,  when  they  desire  to  procure  a  hard  timber  with  an  overdose 

of  turpentine,  they  ring  the  bark  of  the  branches  just  before  the  return  of 

the  sap ;  the  next  year  they  ring  the  upper  part  of  the  stem ;  the  third 
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yew  the  central,  and  lastly,  the  lower  part  near  the  grouixl.  P.y  thr«e 

mean*  the  sap  or  turpentine  w  progressively  hindered  from  returning,  an<l  it 

very  much  increases  the  solidity  and  durability  of  the  timber.  The  roots  of 

some  of  the  red  deals  so  abound  in  turpentine,  that  the  Scottish  Highlandeni, 

the  native*  of  the  Went  Indie*,  and  of  the  Himalaya*,  use  splinters  of  them 

M  candles.  The  knots  of  deal,  especially  white  deal,  are  particularly  hard  ; 

they  are  altogether  detached  from  the  wood  in  the  outer  plank*,  and  often 

fall  out  when  exposed  in  thin  boards, 
The  pine*  and  tin  being  «o  numerous,  and  the  timber*  of  many  bring  known  in 
commerce  by  inch  •  variety  of  name*,  It  U  difficult  to  ascertain  the  tree*  which 
yield  them. 

The  Pit**  tylvtttrii,  however,  called  the  teild  pine,  or  fitotch  fir,  yield*  the  red 
deal  of  Riga,  called  yellow  deal  in  London,  Abitt txeelia,  or  Norway  spruce  fir, 
yiekb  white  deal,  AMtt  jrfcsc,  or  silver  flr,  ha*  whitish  wood,  much  used  for  floor- 
log;  Uuif  mropta,  i*  the  larch  common  on  the  Alpine  districts  of  Germany,  Swit- 

zerland, and  Italy.  Several  other  pine*,  a*  P.  Pinaster,  Pinea,  Cemkra,  atatriafa 
and  pyrrnalea,  are  found  in  the  south  of  Europe,  but  their  timber  i*  lew  known  in 
eonmerce. 

The  North  American  pines,  P.  ttrolnii,  or  Weymouth  pine,  called  white  pine  In 
North  America,  and  much  used  throughout  the  Northern  States  ;  P.  mitit,  or  Utea, 
the  yellow  pine,  U  chiefly  employed  in  the  Northern  and  Middle  State*  for  house  and 
ship-building ;  it  i*  considered  next  in  durability  to  P.  auitralit,  Southern  pine, 
called  also  P.  paluitrit,  and  yellow  pine,  pitch  pine,  and  red  pine  in  different  dis- 

trict* :  it  is  said  to  form  four-fifths  of  the  house*  in  the  Southern  State*,  and  to  be 
preferred  for  naval  architecture.  It*  timber  i*  exported  to  the  Wast  Indies,  and  to 
Liverpool,  where  it  i*  called  Georgia  pitch-pine.  Pinut  Utda,  frankincense  pine, 
called  white  pine  in  Virginia;  P.  riyiJa,  Virginian  or  pitch-pine;  P.  banktiana, 
Hudson's  Bay  or  Labrador  pine ;  /'.  inopt,  Jersey  or  poor  pine,  and  P.  retinota. 
The  American  pitch  pine  or  red  pine,  called  Norway  pine  in  Canada,  and  yellow 
pine  in  Nova  Scotia,  and  many  others,  yield  deals  of  various  qualities,  more  or  lea* 
used  in  different  districts. 

The  American  spruce  firs  are  the  Abin  alba,  nigra  and  rubra,  the  white,  black, 
and  red  spruce  fln ;  the  last  U  sometime*  called  Newfoundland  red  pine,  and  em- 

ployed in  ship-buildirg;  both  it  and  the  black  pine  are  exported  to  England;  Abitt 
eoMadmtii,  hemlock  spruce  flr,  and  A  .  baUamra,  balm  of  Gilead  flr,  are  also  em- 

ployed, although  lea*  valued  for  their  timber,  but  the  American  larch,  Larix  amt- 
rieaxa,  is  much  esteemed.  On  the  west  coast  of  America  some  magnificent  pine* 
haw  been  discovered,  a*  P.  DotifUuii,  and  Lambertiana,  and  other*  in  Mexico.  In 
the  southern  hemisphere  the  Oowdie  pine  or  New  Zealand  pitch  tree,  Dammara 
mutrala,  considered  so  valuable  for  masto,  belongs  to  the  same  genus  a*  the 
Dammar  tree,  U.  OHtntafy.  The  Himalayas  abound  in  true  pine*  :  a  splendid 
•peck*  «•  the  Phuu  Deodara  already  mentioned  under  Cedar,  so  also  are  Pintu 

acedia,  Kkutro*  longi/olia,  with  Abiti  H'rbbiana,  Pindrow,  and  others. 

PLANT.  TK II'.  (the  Platanut  occidental!*,)  u  a  native  of  North  America;  it  i« 
abundant  on  the  banks  of  the  Miaoimippi  and  Ohio.  This,  perhaps  one  of 

the  largest  of  the  American  trees,  is  sometimes  12  ft  in  diameter ;  it  U  much 

used  in  that  country  for  quays.  The  colour  of  the  wood  resembles  beech, 

but  it  in  softer.  In  Stephenson'a  Civil  Engineering  of  North  America,  this 

U  called  Butterwood  tree,  and  he  gives  the  dimensions  of  some,  measured 

by  Hicham,  fully  equal  to  tho  measure  quoted.  The  American  variety, 

which  U  that  more  commonly  grown  in  England,  is  sometimes  called 

water-beech  and  sycamore.  Plane-tree  is  used  for  musical  instruments 

and  other  works  requiring  a  clean  light-coloured  wood. 

The  Platantu  oriental*,  called  also  lace-wood,  is  a  native  of  the  Levant, 

and  other  Eastern  countries ;  it  is  smaller,  softer,  and  more  ornamental  than 

the  above;  the  beauty  of  its  septe  gives  it  the  damasked  appearance  from 

which  it  U  sometimes  named.  It  is  commonly  used  by  the  Persians  for 
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their  doors,  windows,  and  furniture,  and  is  suitable  to  ornamental 

cabinet-work  and  various  kinds  of  turnery.  The  first  kind  also  has  septa, 
but  they  are  smaller. 

The  true  lace-wood  tree  is  the  Daphne  Lagetta. 

PLUM-TREE,  (Prunus  domtstica  and  P.  spinosa,)  Europe,  similar  in  general 

character  to  pear-tree,  is  used  principally  in  turning.  This  is  a  handsome 
wood,  and  is  frequently  used  in  Tunbridge  works :  in  the  endway  of  the 

grain  it  resembles  cherry-tree,  but  the  old  trees  are  of  a  more  reddish-brown, 
with  darker  marks  of  the  same  colour.  It  begins  to  rot  in  small  holes 

more  generally  away  from,  rather  than  in  the  centre  of  the  tree,  and  it  is 

very  wasteful  on  that  account, 

POON- WOOD,  or  Peon-wood,  of  Singapore,  is  of  a  light  porous  texture,  and 

light  greyish  cedar  colour ;  it  is  used  in  ship-building  for  planks,  and  makes 

excellent  spars.  The  Calcutta  poon  is-  preferred. 

Calophyllum  inophyllum  is  called  Poona  in  the  peninsula  of  India,  and  C.  angustifo- 
lium,  Dr.  Roxburgh  says,  is  a  native  of  Pcnang  and  of  countries  eastward  of  the  Bay 
of  Bengal,  and  that  it  yields  the  straight  spars  commonly  called  Poon,  and  which 
in  those  countries  are  used  for  the  masts  of  ships. 

PRINCES- WOOD,  from  Jamaica,  is  generally  sent  in  logs  like  cocoa-wood,  from 

4  to  7  in.  diameter,  and  4  to  5  ft.  long ;  it  is  a  light  veined  wood  some- 

thing like  West  India  satin-wood,  but  of  a  browner  cast;  the  sap-wood 

resembles  dark  birch-wood.  It  is  principally  used  for  turning. 

The  Princes- wood  of  Jamaica,  called  also  Spanish  elm,  is  Cordia  Geratcanthus,  hut  the 
above  appears  to  be  different. 

POPLAR  (Populus).  There  are  five  species  common  to  England,  of  which  the 

Abele,  or  great  white  poplar,  and  the  Lombardy  poplar  are  the  most  used. 

The  woods  are  soft,  light,  easy  to  work,  suited  to  carving,  common  turnery 

and  works  not  exposed  to  much  wear ;  the  woods  of  poplar  trees  are 

sometimes  used  in  temporary  railway  works,  but  not  for  the  ordinary 

purposes  of  timber.  It  is  considered  to  be  very  durable  when  kept  dry,  and 

it  does  not  readily  take  fire.  The  bark  of  the  white  poplar  is  almost  as 

light  as  cork,  and  is  used  by  the  fisherman  to  support  his  nets. 

The  wooden  polishing  wheels  of  the  glass-grinder  are  made  owt  of 
horizontal  slices  of  the  entire  stem,  about  one  inch  thick,  as  from  its 

softness  it  readily  imbibes  the  polishing  materials. 

The  wood  of  ihe  Abele,  or  white  poplar,  is  also  commonly  known  as  APS;    ' 
it  is  extensively  used  for  toys  and  common  turnery,  and  is  frequently  of  a 

uniform  reddish  colour,  like  red  deal,  but  with  very  small  veins. 

PopuJui  alba  is  the  white  poplar  or  Abele,  P.  canesfetu  the  gray  or  common  white, 
P.  trrmulfi  is  the  aspen,  and  P.  pyramidalit  or  fastigiata,  the  Lombardy  poplar. 
There  are  other  species  in  North  America  and  the  Himalayas. 

PRIZE-WOOD.  A  largo  ill-defined  wood,  from  the  Brazils,  apparently  of  tho 
cocus-wood  kind,  but  lighter,  and  generally  of  reddish  colour. 

PURPLE-HEART  is  mentioned  by  Dr.  Bancroft,  (tee  Greenheart:)  it  is  perhaps 
the  more  proper  name  for  the  wood  next  described. 
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PURPLE-  WOOD,  or  Amaranthus,  from  the  Brazils,  IB  imported  in  log*  from  8  to 
IS  in.  «quare  and  8  to  10  ft.  long,  or  in  planks  :  it*  colour  i*  dark  grey  when 
first  out,  but  it  changea  rapidly,  and  ultimately  become*  a  dark  purple. 

Varieties  of  King-wood  are  sometimes  called  purple  and  violet  woods  : 
theae  are  variegated  ;  but  the  true  purple-wood  is  plain,  and  principally 
used  for  ramrods,  and  occasionally  for  buhl-work,  marquetry,  and  turning. 

A  few  logs  of  purple-wood  arc  often  found  in  importations  of  King-wood  ; 

it  is  probable  also  that  the  purple-heart  is  thus  named  occasionally. 

QUASSIA-WOOD.  The  quassia-tree  is  a  beautiful  tall  tree,  of  North  and  South 
America  and  the  West  Indies.  Tho  wood  is  of  a  pale  yellow,  or  light-brown, 

and  about  as  hard  as  beech  ;  its  taste  is  intensely  bitter,  but  the  smell  is 
very  agreeable  ;  the  wood,  bark,  and  fruit  are  all  medicinal. 

-  This  wood  is  well  known  in  the  Isthmus  of  Darieu,  and  U  invariably 

carried  by  all  the  natives  as  a  '  contra'  against  the  bite  of  venomous  snakes  : 

it  is  chewed  in  small  slices,  and  the  juice  is  swallowed."—  CW.  O.  A.  Lloyd. 
nmara  U  «  null  tree,  SimamlM  amara  U  DM  Mountain  dim  son  of  the  West 

Indie*,  sad  fiertnta  MnasfM,  the  lofty  Bitter-wood.  All  hare  a  similarly-coloured 
wood,  which  fa  intensely  bitter. 

QUEEN-  WOOD,  from  the  Brazils,  a  term  applied  occasionally  to  woods  of  tho 
Groenhcart  and  Cocoa-wood  character. 

QUINCE-TREE,  (Cydonia  vulgarit.)    See  APRICOT-TREE. 

RED  GUM-WOOD.    See  GUM-WOOD. 

RED  SAUNDERS,  or  RUBY  WOOD,  an  East  Indian  wood,  the  produce  of 

Pterocarpta  tantallnut,  is  principally  shipped  from  Calcutta  in  logs  from 

2  to  10  in.  diameter,  generally  without  sap,  and  sometimes  in  roots  and  spb't 
piece*  ;  it  is  very  hard  and  heavy  ;  it  is  very  much  used  as  a  red  dye-wood, 
and  often  for  turning.  The  logs  are  often  notched  at  both  ends,  or  cut  with 

a  hole  as  for  a  ro]>c,  and  much  worn  externally  from  being  dragged  alon  ; 

the  Krouml  ;  other  woods,  and  also  the  ivory  tusks,  are  sometimes  perforated 

for  the  like  purpose. 

The  wood  of  AdtnanO*ra  paronia,  (M*  Coral-  wood,)  U  similar  in  nature,  and  some- 
tbnea  eonfooaded  with  the  red  Miwdera. 

TTA  -\Vi  >OD  U  a  good-sized  East  Indian  wood,  imported  in  logs  9  to  14  in. 

diameter;  it  is  handsomely  veined;  the  general  colour  to  a  lively  red-orange, 
(like  tho  akin  of  the  Malta  orange,)  with  darker  marks,  which  are  sometimes 

nearly  black  ;  the  wood  is  close,  hard,  and  very  beautiful  when  first  cut,  but 

soon  get*  darker. 

ROSE-  WOOD  is  produced  in  the  Brazil*,  the  Canary  Isles,  the  East  Indie*,  and 

Africa.  It  is  imported  in  very  large  slabs,  or  the  halves  of  trees  that  average 

18  inches  wide.  The  best  is  from  Rio  do  Janeiro,  the  second  quality  from 

Bahia,  and  the  commonest  from  the  East  Indie*  :  tho  latter  is  called  East 

India  black  -wood,  although  it  happens  to  be  the  lightest  and  most  red  of  the 
three  ;  it  is  devoid  of  the  powerful  smell  of  the  true  rose-wood,  which  latter 

Dr.  T.imlley  considers  to  be  a  species  of  Mimosa.  The  pores  of  the  East 

India  rose-wood  appear  to  contain  less  or  none  of  the  resinous  matter,  in 
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which  the  odour  like  that  of  the  flower  Acacia  armata,  arises.     Rose-wood 

contains  so  much  gum  and  oil,  that  small  splinters  make  excellent  matches. 

The  colours  of  rose-wood  are  from  light  hazel  to  deep  purple,  or  nearly 

black  :  the  tints  are  sometimes  abruptly  contrasted,  at  other  times  striped 

or  nearly  xmiform.  The  wood  is  very  heavy;  some  specimens  are  close 

and  fine  in  the  grain,  whereas  others  are  as  open  as  coarse  mahogany,  or 

rather  are  more  abundant  in  veins  :  the  black  streaks  are  sometimes  particu- 
larly hard,  and  very  destructive  to  the  tools. 

Next  to  mahogany,  it  is  the  most  abundant  of  the  furniture  woods ;  a 

large  quantity  is  cut  into  veneers  for  upholstery  and  cabinet  work,  and  solid 

pieces  are  used  for  the  same  purposes,  and  for  a  great  variety  of  turned 
articles  of  ordinary  consumption. 

In  the  Brazils  the  ordinary  rose-wood  is  called  Jacaranda  Cdbu.ua  ;  there 
is  a  sort  which  is  much  more  free  from  resinous  pores  that  is  called  Cabuna 

only  :  and  a  third  variety,  Jacaranda  Tarn,  is  of  a  pale  red,  with  a  few 

darker  veins ;  it  is  close,  hard,  and  very  free  from  resinous  veins,  its  colours 

more  resemble  those  of  tulip-wood.  There  are  six,  if  not  ten,  varieties  in 

Mr.   's  collection  at  the  Admiralty. 
Mr.  Edwards  says  that  at  the  time  when  rose-wood  was  first  imported 

there  was  on  the  scale  of  Custom-House  duties,  "  Lignum  Rhodium,  per 

ton,  £40,"  referring  to  the  wood  from  which  the  "oil  of  Rhodium"  was 
extracted,  which  at  that  time  realized  a  very  high  price.  The  officers 

claimed  the  like  duty  on  the  furniture  rose-wood;  it  was  afterwards  imported 

as  Jacaranda,  Palisander,  and  Palaxander-wood,  by  which  names  it  is  still 
called  on  the  Continent.  The  duty  was  first  reduced  to  six  guineas,  then  in 

1842  to  one  pound,  and  in  1845  the  duty  was^entirely  removed ;  the  con- 

sumption has  proportionally  increased.  It  is  now  only  known  as  rose-wood, 
some  logs  of  which  have  produced  as  much  as  £150,  when  cut  into  veneers. 

Rose-wood  is  a  term  as  generally  applied  as  iron-wood,  and  to  as  great  a  variety  of 
plants  in  different  countries,  sometimes  from  the  colour  and  sometimes  from  the 
smell  of  the  woods.  The  rose-wood  which  is  imported  in  such  large  quantities 
from  Bahia  and  Rio  Janeiro,  called  also  Jacaranda,  is  so  named  according  to 
Prince  Maximilian,  as  quoted  by  Dr.  Lindley,  because  when  fresh  it  has  a  faint 
but  agreeable  smell  of  roses,  and  is  produced  by  a  Mimosa  in  the  forests  of  Brazil. 
Mr.  G.  Loddiges  informs  me  it  is  the  Mimosa  Jacaranda. 

The  rose-wood,  or  candle-wood,  of  the  West  Indies,  is  Ainyris  balsami/era  accord- 
ing to  Brown,  and  is  also  called  Sweet-wood,  while  Amyris  montana  is  called 

Yellow  candle-wood,  or  rose-wood,  and  also  yellow  saunders.  Other  plants  to 
which  the  name  is  also  applied,  are  Licaria  guianentit  of  Aublet,  Erythroiylwn 
areolatum,  Colliguaya  odorifcra,  Molina,  &c. 

The  rose-wood  of  New  South  Wales  is  Trichilia  glanditlosa ;  that  of  the  East 
Indies,  if  the  same  as  what  is  there  called  Blackwood,  is  Dalbcrgia  latifolia. 

The  lignum  rhodium  of  the  ancients,  from  which  the  oil  of  the  same  name  and 
having  the  odour  of  roses  was  prepared,  has  not  yet  been  ascertained  ;  it  has  bean 
supposed  to  be  the  Genista  canarieniii,  and  by  others,  Convolvulut  tcopanus. 

RUBV-WOOD.    See  RED  SAUNDERS. 

SALLOW,  (Sallx  caprea,)  is  white,  with  a  pale  red  cast,  like  red  deal,  but  without 
the  veiiiH.  The  wood  is  soft  and  only  used  for  very  common  works,  such  as 

children's  toys  :  like  willow,  of  which  it  is  a  variety,  it  is  planed  into  chips, 
and  made  into  bonnets  and  baskets ;  it  splits  well.  See  WILLOW. 
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I»AL-WOOD  U  the  produce  of  Smlakim  album,  a  toe  having  somewhat 

the  appearance  of  a  Urge  myrtle.  The  wood  is  extensively  employed  M  a 

perfume  in  the  funeral  ceremonies  of  the  Hindoo*.  The  deeper  the  colour, 

which  U  of  a  yellow-brown,  and  the  nearer  the  root,  the  better  U  the 

perfume.  Malabar  produce*  the  fineat  sandal  -wood;  it  u  also  found  in 

Ceylon,  and  the  South  Sea  bland*.  It  is  imported  in  trimmed  logs  from 

8  to  8  and  rarely  14  in.  diameter;  the  wood  i*  in  general  aofter  than  box- 

wood, and  eaay  to  cut  It  is  iwod  for  parts  of  cabinet*,  necklace*,  ornament*, 

and  fans.    The  bark  of  the  sandal-wood  gives  a  most  beautiful  rod  or  light 

claret-coloured  dye,  but  it  fades  almost  immediately  when  used  as  a  simple 
infusion  ;  in  the  hands  of  the  experienced  dyer  it  might,  it  i*  supposed,  be 

very  useful. 

There  are  woods  described  in  tip-  French  works  as  red  sandal-wood*, 

and  one  specimen  is  so  marked  in  Baker's  collection  ;  probably  they  are 
varieties  of  red  saunders  or  sapan  woods.  See  CALEMBEG. 

The  nndaUwood  tre«  of  the  Malabar  coast  U  the  StnM/um  album:  that  of  the  South 

SeaUUndi  U  eontidertd  to  be  a  dktinet  cpeetoa,  and  has  been  named  Santalmm 

rrtfttMttUnmm  .-  then  U  a  iporiotw  tandaUwood  in  the  Sandwich  blee,  called  by 

the  nmtivw  A'aiAfo  (ityoporm*  te*uifoUum}. 

SAPAN-WOOD,  or  Buckum-wood,  (Caaalpinia  &tfxtn,)  U  obtained  from  a  species 

of  the  same  genus  that  yields  the  Brazil-wood.  It  is  a  middle-sized  tree, 
indigenous  to  Siani,  Pegu,  the  coast  of  Coromandel,  the  Eastern  Islands,  Ac, 

It  is  imported  in  pieces  like  Brazil-wood,  to  which,  for  the  purposes  of 
dyeing,  it  i*  greatly  inferior  ;  it  is  generally  too  unsound  to  be  useful  for 
turning. 

>  A  TIN-WOOD.  The  best  variety  is  the  West  Indian,  imported  from  St.  Domingo, 

in  square  logs  and  planks  from  9  to  20  in.  wide  ;  the  next  in  quality  is 

the  East  Indian,  shipped  from  Singapore  and  Bombay  in  round  logs  from 

9  to  30  in.  diameter  ;  and  the  most  inferior  is  from  New  Providence,  in 

sticks  from  34  to  10  in.  square  ;  the  wood  is  close,  not  so  hard  as  box- 
wood, but  somewhat  like  it  in  colour  or  rather  more  orange  ;  some  pieces 

are  very  beautifully  mottled  and  curled.   It  was  much  in  vogue  a  few  yean 

back  for  internal  decoration  and  furniture  ;  it  i*  now  principally  used  for 

brushes,  and  somewhat  for  turning,  the  finest  kinds  arc  cut  into  veneers 

which  are  then  expensive  ;  the  Nassau  wood  is  generally  used  for  brushes. 

Satin-wood  of  handsome  figure  was  formerly  imported  in  largo  quantities 
from  the  island  of  Dominica.     The  wood  has  an  agreeable  scent,  and  Is 

sometimes  called  yellow  saundera.  Bergeron  mentions  a  "  bou  tatini  rwgt." 
The  iatln-woo.!  of  Goiaaa  U  stated  by  Anblet  to  be  yielded  by  hi*  Fe 

which  ha*  both  whit*  and  reddiaa  coloured  wood,  both  satiny  ia  appearance. 

SASSAFRAS-  WOOD  U  a  species  of  laurel,  (Sa*tafr<u  officinalit  ;)  the  root  ia 

used  in  medicine.  The  small  wood  is  of  a  light-brown,  the  large  is  darker  ; 

both  are  plain,  soft,  and  close.  Sassafras-  wood  measures  from  4  to  12  in. 

diameter;  it  U  sometimes  chosen  for  cabinet-work  and  turning,  on  account 
of  ita  scent 
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SAUL,  or  S&1,  an  East  Indian  timber-tree,  the  Shorea  robusta  ;  (See  377,  Dr. 

Wallich's  Catalogue) :  this  wood  is  in  very  general  use  in  India  for  beams, 

rafters,  and  various  building  purposes ;  Saul  is  close-grained  and  heavy,  of 
a  light  brown  colour,  not  so  durable  but  stronger  and  tougher  than  teak,  and 

is  one  of  the  best  timber-trees  of  India.  Captain  Baker  considers  Saul  to 

resist  strains,  howsoever  applied,  better  than  any  other  Indian  timber ;  he 

says  the  Morung  Saul  is  the  best.  The  Sissoo  appears  to  be  the  next  in 

esteem,  and  then  the  teak,  in  respect  to  strength.  See  Baker's  Papers. 

SAUNDERS.    SeeRED  SAUKDERS. 

SERVICE-TREE.  This  is  a  kind  of  thorn,  and  bears  the  service-berry,  which  is 

eaten  :  it  is  very  much  like  English  sycamore  in  every  character  as  regards 
the  wood. 

Bergeron  describes  the  service-tree  as  a  very  hard,  heavy,  and  useful 

wood,  of  a  red-brown  colour,  and  well  adapted  to  the  constraction  of  all 

kinds  of  carpenters'  tools.  He  says  they  will  glue  slips  of  the  service-tree 
upon  moulding  planes,  the  bulk  of  which  are  of  oak,  on  account  of  its  hard- 

ness and  endurance.  He  also  speaks  of  a  foreign  service-tree,  (Cormier  des 
Isles,)  which  is  harder,  but  more  grey  in  colour,  and  more  veined :  these 

appeal-  to  be  totally  different  woods. 

SISSOO,  (Dalbergia  Sissoo,)  is  one  of  the  most  valuable  timber-trees  of  India, 

and  with  the  Saul,  is  more  extensively  employed  than  any  other  in  north- 

west India.  The  ship-builders  in  Bengal  select  it  for  their  crooked  timbers 
and  knees ;  it  is  remarkably  strong ;  its  colour  is  a  light  greyish  brown,  with 

darker  coloured  veins.  "In  structure  it  somewhat  resembles  the  finer  species 

of  teak,  but  it  is  tougher  and  more  elastic."  There  are  two  kinds  used 
respectively  in  Bengal  and  Bombay,  the  latter  is  much  darker  in  colour. 

The  Indian  black  rose-wood,  (Dalbergia  latifolia,)  is  a  superior  species  of 

Sissoo  from  the  Malabar  coast.  See  Baker's  Papers. 

SNAKE- WOOD,  Letter  or  Speckled  wood,  is  used  at  Demerara,  Surinam,  and 
along  the  banks  of  the  Orinoko,  for  the  bows  of  the  Indians.  The  colour  of 

the  wood  is  red  hazel,  with  numerous  black  spots  and  marks,  which  have 

been  tortured  into  the  resemblance  of  letters,  or  of  the  scales  of  the  reptile ; 

when  fine  it  is  very  beautiful,  but  it  is  scarce  in  England,  and  chiefly  used 

for  walking-sticks,  which  are  expensive ;  the  pieces,  that  are  from  2  to  6 
in.  diameter,  are  said  to  be  the  produce  of  large  trees,  from  three  to  four 

times  those  diameters,  the  remainder  being  sap. 

Dr.  Bancroft  says,  "  Bowrra  courra,  as  it  is  called  by  the  Indians,  by  the 
French  bois  du  lettre,  and  by  the  Dutch  Letter  hout,  is  the  heart  of  a  tree 

growing  30  feet  in  height  with  many  branches,"  &c. 

Canjica  paise,  No.  64,  in  Mr.  Morney's  collection  of  Brazilian  woods,  is 
somewhat  like  snake-wood,  but  less  beautiful ;  it  is  much  less  red,  and  the 

marks  are  paler  and  larger.  If  not  an  accidental  variety,  the  wood  would 
be  worth  seeking. 

"  The  above  must  not  be  confounded  with  the  Snake-wood  of  the  West 
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>  N  A  KE-WOOD—  <v*ti*ut<l. 

Indies  and  South  America,  the  Cecnpia,  of  which  there  are  three  ipecies 

all  furnishing  tree*  of  straight  and  tall  growth,  and  a  wood  of  very  light 

structure,  presenting  sometimes  distinct  and  hollow  cell*.  The  Balvu,  or 

float*,  used  by  the  Indians  of  South  America  for  fishing,  Ac.  are  very  com- 

monly constructed  of  this  wood." — /.  Mytn, 
It  is  thought  by  nme  to  be  the  Tajmra  ftlmnutt  of  Auhk-t. 

SPECKLED  WOOD.    See  SHAKE-WOOD. 

si '\  N ISH  CHESNUT.    See  CHBSNDT. 

S1'IN"T)LK-TREE,  (Euonymiu  ettropo,)  is  a  shrubby  tree,  with  a  yellow  wood, 
similar  to  the  English  box-wood,  but  straighter  and  softer :  it  is  turned  into 
bobbins  and  common  articles.  Bergeron  says  the  wood  is  used  in  France 

for  inferior  carpenters'  rules,  and  that  its  charcoal,  prepared  in  a  gun-barrel 
or  any  closed  vessel,  is  very  suitable  to  the  artist,  as  its  mark  may  be  readily 
effaced. 

SYCAMORE,  the  Acer  pttndo-platanm,  common  to  Europe,  is  also  called  great 

maple,  and  in  Scotland  and  the  north  of  England,  plane-tree ;  its  mean  size 

is  32  ft.  high.  Sycamore  is  a  very  clean  wood,  with  a  figure  like  the  plane- 
tree,  but  much  smaller,  it  is  softer  than  beech,  but  rather  disposed  to 

brittlcncss.  The  colour  of  young  sycamore  is  silky  white,  and  of  the  old 

brownish  white ;  the  wood  of  middle  age'is  intermediate  in  colour ;  and  the 
strongest ;  some  of  the  pieces  are  very  handsomely  mottled.  It  is  used  in 

furniture,  pianofortes  and  harps,  and  for  the  superior  kinds  of  Tunbridge 

turnery ;  sycamore  may  be  cut  into  very  good  screws,  and  it  is  used  for 

presses,  dairy  utensils,  &c.  See  MAPLE. 

A  variety  of  sycamore,  which  is  called  harewood,  is  richer  in  figure  and 

sometimes  striped,  but  it  is  in  other  respects  similar  to  the  above.  Some  of 

the  foreign  kinds  are  very  beautifully  rippled  or  waved,  almost  as  richly 

so  as  satin-wood ;  such  pieces  are  selected  for  the  backs  of  the  handsomest 
violins,  the  sounding  boards  of  which,  and  of  most  other  instruments,  are 

made  of  the  Swiss  deal,  which  is  probably  the  produce  of  a  Larch. 

TKAK-WOOD  is  the  produce  of  the  Tectona  yrandit,  a  native  of  the  mountainous 
parts  of  the  Malabar  coast,  and  of  the  Rajahmundry  Circars,  as  well  as  of 

Java,  Ceylon,  and  the  Moulmein  and  Tenasserim  coasts. 

It  grows  quickly,  straight,  and  lofty ;  the  wood  is  light  and  porous,  and 

easily  worked,  but  it  is  nevertheless  strong  and  durable ;  it  is  soon  seasoned, 

and  being  oily,  does  not  injure  iron;  and  shrinks  but  little  in  width.  Its 

colour  is  light  brown,  and  it  is  esteemed  most  valuable  timber  in  India  for 

ship-building  and  house-carpentry ;  it  has  many  localities.  The  Malabar 
teak  grown  on  the  western  side  of  the  Ghaut  mountains  is  esteemed  the 

best,  and  is  always  preferred  at  our  Government  dock-yards.  Teak  is 
considered  a  more  brittle  wood  than  the  Saul  or  the  Sissoo. ^ 

In  25  years  the  teak  attains  the  size  of  two  feet  diameter,  and  is  consi- 
dered serviceable  timber,  but  it  requires  100  yean  to  arrive  at  maturity. 



108  ALPHABETICAL   AND    DESCRIPTIVE 

TEAK-WOOD—  continued. 

There  is  a  variety,  says  Dr.  Roxburgh,  which  grows  on  the  banks  of  the 

Godavery  in  the  Deccan,  of  which  the  wood  is  beautifully  veined,  closer 

grained  and  heavier  than  the  common  teak-tree,  and  which  is  well  adapted 
for  furniture. 

Some  of  the  old  trees  have  beautiful  burrs,  resembling  the  Amboyna, 

which  are  much  esteemed.  I  have  an  excellent  specimen  of  the  burr  of  the 

teak-wood,  through  the  kindness  of  Dr.  Horsfield,  of  the  East  India  House. 
The  woods  in  general  do  not  very  perceptibly  alter  in  respect  to  length  ; 

Teak,  says  Colonel  Lloyd  is  a  remarkable  exception.  He  found  the  con- 
traction in  length  in  the  beams  of  a  large  room  he  erected  in  the  Mauritius, 

to  be  three  quarters  of  an  inch  in  38  feet. 

The  teak-wood  when  fresh  has  an  agreeable  odour,  something  like  rose- 

wood, and  an  oil  is  obtained  from  it.  He  adds,  "The  finest  teak  now  produced 
comes  from  Moulmein  and  other  parts  of  Burmah  ;  some  of  this  timber  is 

unusually  heavy  and  close-grained,  but  in  purchasing  large  quantities  care 
must  be  taken  that  the  wood  has  not  been  tapped  for  its  oil,  which  is  a 

frequent  custom  of  the  natives,  and  renders  the  wood  less  durable." 

"  At  Moulmein,  so  much  straight  timber  is  taken  and  the  crooked  left, 

that  thousands  of  pieces  called  '  shin  logs/  and  admirably  adapted  for  ship- 
timbers,  are  left.  Teak  contains  a  large  quantity  of  siliceous  matter,  which 

is  very  destructive  to  the  tools." 

African  teak  does  not  belong  to  tke  same  genus  as  the  Indian  teak  ;  by  some  it  is 
thought  to  be  a  Euphorbiaceous  plant,  and  by  Mr.  Don  to  be  a 

TOON-  WOOD  has  already  been  mentioned  under  the  head  of  Cedar,  as  being 

similar  to  the  so-called  Havannah  cedar,  the  Cedrela  odorata.  The  toon-tree 

is  C.  Toona  ;  its  wood  is  of  a  reddish-brown  colour,  rather  coarse-grained, 
but  much  used  all  over  India  for  furniture  and  cabinet-work. 

TULIP-  WOOD  is  the  growth  of  the  Brazils.  The  wood  is  trimmed  and  cut  like 

King-wood,  but  it  is  in  general  very  unsound  in  the  center  ;  its  colour  is  flesh 
red  with  dark  red  streaks  ;  it  is  very  handsome,  but  it  fades.  The  wood, 

which  is  very  wasteful  and  splintery,  is  used  in  turnery,  Tunbridge  ware 

manufactures,  and  brushes  ;  it  is  often  scarce. 

The  specimen  in  W.  Loddiges'  collection  from  Rio  Janeiro,  (also  called 
St.  Sebastian),  bore  the  Portuguese  name  of  Sebastiao  Aruda;  that  in 

Mr.  Morney's,  at  the  Admiralty,  SebciAtiao  d'  Arrudd,  and  Mr.  --  's 
St.  Sebattine  d  Arooda,  evidently  the  same;  that  in  my  German  collection, 

Perolia  arbor.  —  Lignum  in  modo  marmoris  variegatum. 

A  wood  sometimes  called  French  tulip-wood,  from  its  estimation  in  that 
country,  appears  to  resemble  a  variegated  cedar  :  it  is  much  straighter  and 

softer  in  the  grain  than  the  above,  the  streaks  are  well  contrasted,  the  light 

being  of  an  orange  red  ;  it  appears  to  be  a  very  excellent  furniture  and 

turnery-wood,  but  has  no  smell  ;  it  contains  abundance  of  gum,  and  is  con- 
sidered to  come  from  Madras,  but  which  peninsula  has  no  pines. 
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[ ATICO.    Tho  Portuguese  name  for  several  yellow  and  yellow-brown  wood*. 
8*  CAJUHT-WOOD. 

VIOLET- WOOD.    See  KOTO-WOOD. 

\VOOD.    SMAFBIOOWU. 

WALNUT.  The  Royal  or  Common  Walnut,  (Juglant  reyia,)  is  a  native  of  Persia, 

and  the  north  of  China.  Walnut  was  formerly  much  used  in  England 

before  the  introduction  of  mahogany.  The  heart  wood  U  of  a  greyiah  brown, 

with  black-brown  pores,  and  often  much  veined  with  darker  shades  of 

the  same  colour ;  the  sap-wood  is  greyish  white.  Some  of  the  handsome 

veneers  are  now  used  for  furniture,  but  the  principal  consumption  U  for  gun- 

stocks,  the  prices  of  which  in  the  rough  vary  from  a  few  pence  to  one  and 

two  guineas  each,  according  to  quality.  An  inferior  kind  of  walnut  is  very 

much  used  in  France  for  furniture,  frames  of  machines,  &c. ;  it  is  lew 
brown  than  the  fine  sort. 

The  Black  Virginian  Walnut,  (Juglatu  niyra,)  is  a  native  of  America, 

and  is  found  from  Pennsylvania  to  Florida.     It  is  a  Urge  tree,  has  a  fine 

grain,  is  beautifully  veined,  and  is  the  moat  valuable  of  the  American  kinds 
f»r  furniture. 

The  White  Walnut  is  the  Hickory,  which  ttt. 

WILLOW.  There  are  many  varieties  of  the  willow  (Salix).  It  is  perhaps  the 
softest  and  lightest  of  our  woods.  Its  colour  is  tolerably  white,  inclining  to 

yellowish-grey :  it  is  planed  into  chips  for  hat-boxes,  baskets,  and  wove 
bonnets ;  it  has  been  attempted  to  be  used  in  the  manufacture  of  paper. 

The  small  branches  of  willow  are  used  for  hoops  for  tubs,  the  large  wood 

for  cricket-bats.  From  the  facility  with  which  it  is  turned,  it  is  in  demand 

for  boxes  for  druggists  and  perfumers,  which  are  otherwise  made  of  email 
birch-wood. 

The  wood  of  the  willow  is  described  by  Mr.  London  as  ton,  smooth,  and  light ;  the 
wood  of  the  larger  specie*,  as  fialijc  alba  and  Ittuttlliana,  Is  sawn  into  boards  for 
flooring.  The  red  wood  willow,  S.  fragillt,  U  said  to  produce  timber  superior  to 
any  other  species ;  it  is  used  for  building  light  and  swift-sailing  resseU  ;  &  Ru**I- 
liana  being  closely  allied  to  S.  /rafilU  U  probably  allied  to  it  in  properties.  The 

wood  of  A',  caprea  is  heavier  than  that  of  any  other  species.  Hats  an  manufactured 
in  France  from  strips  of  the  wood  S.  alba. 

YACCA  WOOD,  or  Yacher,  from  Jamaica,  is  scut  in  short  crooked  pieces  like 

roots,  from  4  to  12  iu.  thick.  The  wood  is  pale  brown,  with  streaks  of 

hazel  brown ;  it  is  principally  used  in  this  country  for  cabinet  and  marquetry 

work,  and  turning ;  some  pieces  are  very  handsome. 

YELLOW  WOOD.  There  is  a  fine  East  India  wood  thus  called,  it  appears  to 

be  larger  and  straighten  than  box-wood,  but  not  so  close-grained.  I  should 
think  it  would  be  found  to  be  a  valuable  wood  for  the  arts :  my  specimen 

agrees  almost  perfectly  with  Murraya,  No  275  of  Dr.  Wallich's  collection. 
This  U  probably  a  JTmcfc*.  The  wood  of  Xavrlta  etrlifoiia,  according  to  Dr.  Box- 

burg b,  to  exceedingly  beautiful  in  colour,  like  boxwood,  but  much  lighter,  and  at 
the  same  lime  Tery  close-fraintd.  It  U  und  by  the  inhabitanU  of  .Northern  India 
tosuktcomJbsof. 
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COQUILLA  STUTS— continued. 
chambers  are  lined  with  filaments  or  bristles,  and  this  end  of  the  shell  termi- 

nates exteriorly  in  a  covering  of  these  bristles,  which  conceal  the  passages ; 

this  end  is  consequently  almost  useless,  but  the  opposite  is  entirely  solid,  and 

terminates  in  the  pointed  attachment  of  the  stalk.  Sometimes  the  shell 

contains  three  kernels,  less  frequently  but  one  only,  and  I  have  heard  of  one 

coquilla  nut  that  was  entirely  solid. 
The  substance  of  the  shell  is  brittle,  hard,  close,  and  of  a  hazel  brown, 

sometimes  mai-ked  and  dotted,  but  generally  uniform.  Under  the  action  of 

sharp  turning  tools  it  is  very  agreeable  to  turn,  more  so  than  the  cocoa-nut 
shell ;  it  may  be  eccentric  turned,  cut  into  excellent  screws,  and  admits  of  an 

admirable  polish  and  of  being  lackered.  On  the  whole  it  is  a  very  useful 

material,  and  suitable  for  a  great  variety  of  small  ornamental  works,  both 

turned  and  filed ;  coquilla  nuts  are  extensively  manufactured  into  the  knobs 

of  umbrellas  and  parasols,  small  toys,  &c. 

Figs.  27. 
28. 

29. 

COROSOS,  or  IVORY-NUTS,  are  produced  by  Phytelephas  mawocarpa,  growing 
in  central  America  and  Columbia,  (Humboldt.)  They  are  described  as  seeds 

with  osseous  albumen  ;  the  tree  is  a  genus  allied  to  the  Pandanta?,  or  Screw 

Pines,  and  also  to  the  Palms.  The  nuts  are  of  irregular  shapes,  from  one  to 

two  inches  diameter,  and  when  enclosed  in  their  thin  husks,  they  resemble 

small  potatoes  covered  with  light  brown  earth  ;  the  coat  of  the  nut  itself  is 

of  a  darker  brown,  with  a  few  loose  filaments  folded  upon  it.  The  internal 

substance  of  the  ivory-nut  resembles  white  wax  rather  than  ivory ;  it  has, 
when  dried,  a  faint  and  somewhat  transparent  tint,  between  yellow  and  blue, 

but  when  opened  it  is  often  almost  grey  from  the  quantity  of  moisture  it 

contains,  and  in  losing  which  it  contracts  considerably.  Each  nut  has  a  hole, 

which  leads  into  a  small,  central,  angular  cavity ;  this,  joined  to  the  irregu- 
larity of  the  external  form,  limits  the  purposes  to  which  they  are  applied— 

principally  the  knobs  of  walking-sticks,  and  a  few  other  small  works. 

Fig.  28  is  the  section  of  the  ivory-nut  at  right  angles  to  the  stalk,  and 
half  size ;  and  fig.  29  is  the  section  through  the  stalk  itself,  which  proceeds 
from  9. 
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I  r.\v  WOOD."  This  curious  name  was  applied  by  the  late  Mr.  Marshall. 

I  'pholrtftrer  of  Sobo  Square,  to  some  very  beautiful  wood  in  bis  possession, 
apparently  of  several  distinct  kinds,  the  proper  names  for  which  are  unknown, 

although  he  submitted  specimens  of  them  to  various  institutions  in  England, 
Scotland,  Franc*,  Ac. 

It  is  in  pieces  eight  or  ten  feet  long,  and  about  twelve  inches  diameter, 

which  are  externally  of  a  dork  purple  brown,  entirely  divested  of  bark  and 

sap.  The  wood  is  very  fine  in  the  grain,  hard  and  heavy,  and  although 

.  free  from  scent;  splinters  of  it  blister  the  workmcn'n  band*  very 
<|iiickly.  These  woods,  (of  which  Mr.  Marshall  favoured  me  with  speci- 

mens.) display  all  the  diameters  and  colours  of  the  most  handsome  kinds 

with  which  we  are  acquainted,  without  being  strictly  like  any  of  them;  they 

well  deserve  the  inspection  of  the  curious,  or  those  who  may  think  their 

description  over-rated. 

MEMOIR  ON  THE  PRESERVATION  OF  WOODS.  A  paper  bearing  this 

title  was  lately  read  before  the  French  Academy  of  Sciences,  by  its  author, 

Dr.  Boucherie,  and  I  propose,  as  an  appropriate  sequel  to  the  foregoing 

pages  upon  the  woods,  to  attempt  to  convey  a  general  notion  of  the 
numerous  experiments  referred  to. 

utrasta  the  increasing  consumption  and  the  rapid  decay  of  timber, 

with  its  slow  rate  of  production,  which  make  it  necessary  to  economise  its 

employment.  He  adverts  to  the  many  projects  for  its  preservation,  enu- 
merated by  our  countryman  Mr.  John  Kuowlc*,  (see  Note,  p.  22,)  and  the 

methods  subsequently  proposed,  to  many  of  which  he  objects  from  their 

uselessness;  to  others  from  the  slow  and  superficial  manner  in  which  timbers 

part  with  their  contained  fluids,  or  absorb  new  ones  by  simple  immersion, 

(circumstances  long  since  proved  by  Duhamel;)  and  to  all  from  their  expentt, 

which  is  of  course  the  ultimate  test  of  general  application. 

Dr.  Boucherie  argues  that  all  the  changes  in  woods  are  attributable  to  the 

soluble  parts  they  contain,  which  either  give  rise  to  fermentation  or  decay, 

or  serve  as  food  for  the  worms  that  so  rapidly  penetrate  even  the  hardest 

woods.  As  the  results  of  analysis  he  says,  that  sound  timbers  contain  from 

three  to  seven  per  cent  of  soluble  matters,  and  the  decayed  and  worm-eaten 
rarely  two,  commonly  leas  than  one,  per  cent.;  he  therefore  concludes  that 

"  since  the  soluble  matters  of  the  wood  were  the  causes  of  the  changes  it 
undergoes,  it  is  necessary  to  its  preservation,  either  to  abstract  the  soluble 

parts  in  any  way,  or  to  render  them  insoluble  by  introducing  substances  which 

should  render  them  infcnnen  table  or  inalimentary;"  which  he  considers  may 
be  done  by  many  of  the  mvtallic  salts  and  earthy  chlorides. 

Dr.  Boucherie  shows,  by  parallel  experiments  upon  "  vegetable  matters 
very  susceptible  of  decomposition,  as  flour,  the  pulps  of  carrot  and  beet-root, 
the  melon,  ic..  (which  only  differ  from  wood,  of  which  they  possess  the 

origin  and  constitution,  by  the  greater  proportion  of  soluble  matter  which 

they  contain,)"  that  in  the  natural  states  they  .rapidly  alter,  but  are VOL.  t.  i 
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preserved  by  the  pyrolignite  of  iron,  (pyroliguite  brut  de  'fer,)  a  cheaper 
material  than  the  corrosive  sublimate  commonly  used,  and  one  very  desir- 

able in  several  respects.  He  presumed  that  by  immersing  the  end  of  a  tree 

immediately  after  it  was  felled  into  a  liquid,  the  vital  energies  not  having 

ceased,  the  tree  would  then  absorb  such  fluid  through  all  its  pores,  by  a 

process  which  he  calls  aspiration ;  and  in  this  fortunate  surmise  he  was 

entirely  successful.  This  led  step  by  step  to  numerous  practical  results, 

which  their  inventor  enumerates  as  follows,  and  describes  in  separate 

chapters. 

1st.  "For  protecting  the  woods  from  the  dry  or  wet  rot." 
2nd.  "  For  augmenting  their  hardness." 

3rd.  "  For  preserving  and  developing  their  flexibility  and  their  elasticity." 
4th.  "For  rendering  impossible  the  changes  of  form  (jeu)  they  undergo, 

and  the  splits  (disjunctions)  which  take  place  when  they  are  brought  into 

use,  or  are  submitted  to  atmospheric  changes." 

5th.  "  For  greatly  reducing  their  inflammability  and  combustibility." 

6th.  "For  giving  them  various  and  lasting  colours  and  odours." 

I  shall  endeavour  to  convey  a  general  notion  of  the  methods  in  the  same 
order. 

1.  Durability.  He  took  a  poplar  tree,  measuring  28  metres  in  height  and 

40  centimetres  diameter,  simply  divided  from  its  root  with  its  branches  and 

leaves  undisturbed,  and  immersed  it  erect  to  the  depth  of  20  centimetres  in 

a  vessel  containing  pyrolignite  of  iron ;  in  six  days  it  was  entirely  impreg- 
nated even  to  the  leaves,  and  had  absorbed  the  large  quantity  of  three  hec- 

tolitres (p.  132).  This  method  required  powerful  lifting  apparatus,  and  a 

support  for  the  tree  to  lean  against,  and  was  therefore  objectionable. 

He  repeatedly  operated  upon  trees  lying  on  the  ground,  by  attaching  to 

their  bases  waterproof  bags  containing  the  liquid :  the  experiments  were 

varied  in  many  ways  ;  sometimes  portions  of  the  branches  were  lopped  off, 

but  the  crown  or  tuft  was  always  left  upon  the  principal  stem ;  at  other 

times  the  aspiration  was  effected  by  boring  detached  holes  near  the  earth 

supplied  with  different  fluids,  which  gave  rise  to  all  kinds  of  diversities  in  the 

result ;  and  other  trees  were  pierced  entirely  through,  and  a  horizontal  cut 

extending  to  within  an  inch  or  so  of  each  side  was  made  with  a  thick  saw, 

leaving  only  sufficient  wood  for  the  support  of  the  trees. 

For  fear  of  losing  the  trees  upon  which  he  had  the  opportunity  of  experi- 
menting, the  process  was  not  deferred  beyond  24,  36,  or  48  hours  after  they 

were  felled,  as  the  vigour  of  the  absorption  was  found  to  abate  rapidly  after 

the  first  day,  and  that  at  about  the  tenth  day  it  was  scarcely  perceptible  : 

it  wa»  also  found  the  aspiration  entirely  failed  in  dead  wood,  whether 

occurring  at  the  heart  of  old  trees,  or  at  parts  of  others  from  any  accidental 

interruption  of  the  flow  of  the  sap  during  the  growth  :  and  also  that  resin- 
ous trees  absorbed  the  fluids  less  rapidly  than  others. 

Observations  were  also  made  of  the  quantities  of  the  liquids  taken  up  : 
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these  fluid*,  when  of  a  neutral  kind,  an  the  chloride  of  nod*,  often  equalled  in 

hulk  thnt  <>f  the  wood  iUclf.  without  causing  any  addition  to  it*  weight ;  the 

•old  and  alkftlinx  fluid*  were  leu  abundantly  absorbed,  apparently  from 

eontraotfaig  the  vssselu  by  thoir  astringent  nctiun.  It  is  iitated  that  the 

.lignite  of  iron  effected  the  preservation  of  the  •ubstanoe  when  equal  to 
lev  than  a  fiftieth  of  the  weight  of  the  green  wood.  These  point*  are  all 

aeparately  treated  in  the  original  paper. 

-.  The  hardness  of  the  wood  was  considered  by  various  workmen  to  be 

more  than  doubled  by  the  action  of  the  pyrolignite. 

3.  The  flexibility,  (due  to  a  certain  presence  of  moisture,)  WM  increased  in 

a  remarkable  manner  \>\  the  chloride  of  lime  and  other  deliquescent  Halts, 
the  d«gree  of  elasticity  depending  upon  thoir  greater  or  lew  concenti 

A*  a  cheap  substitute  for  the  above,  the  stagnant  water  of  salt  marshes 

WM  adopted,  with  a  fifth  of  the  pyrolignite,  for  the  greater  certainty  of  pre- 
servation. Pieces  of  prepared  deal,  3  millituetret  thick  and  60  ctntimitret 

long,  were  capable  of  being  twisted  and  bent  in  all  directions,  as  into  screws, 

also  into  throe  circular  coils ;  the  wood  immediately  regained  its  figure  when 

released  :  this  condition  lasted  eighteen  months,  that  in,  until  the  time  his 

]..l|.<  I'   U.l-    I",  ..    1. 

4.  The  warping  and  splitting,  principally  due  to  the  continual  effect  of 

the  atmosphere  in  abstracting  and  restoring  the  moisture,  was  stayed  by 

inij-regnating  the  wood  with  a  weak  infusion  of  the  chloride,  so  as  always  to 

retain  it  to  a  certain  degree  moist ;  one-fifth  of  pyrolignite  was  also  added 
iit  this  case.  The  seasoning  of  the  wood  wan  also  considered  to  be  expedited 

by  the  process,  and  which  was  not  found  to  interfere  with  the  ordinary  use 

of  oil-paint,  Ac.     Large  boards  of  the  prepared  wood,  some  of  which  were 
painted  on  one  or  both  sides,  and  similar  boards  of  unprepared  wood,  were 

compared ;  at  the  end  of  twelve  months,  the  former  were  perfect  as  to  form, 

the  Utter  were  warped  and  twisted  as  usual. 

5.  The  inflammability  and  combustibility  of  the  woods  were  also  prevented 

by  the  earthy  chlorides,  which  fuse  ou  their  surfaces  by  the  application  of 

heat,  and  render  them  difficult  of  ignition.     T\\<>  similar  cabins  were  built 

rcpared  and  of  ordinary  wood  respectively,  and  similar  fires  were  lighted 

in  each;  the  latter  was  entirely  burned,  the  other  was  barely  blackened. 

6.  In  respect  to  colours  infused  by  the  anpiratory  process,  the  vegetable 

colours  were  found  to  answer  leas  perfectly  than  the  mineral,  and  the  Utter 

succeeded  best  when  the  colour  was  introduced  at  two  processes,  so  that  tin- 
chemical  change,  (that  of  •  •  i  i  ug, )  occurred  in  the  pores  of  the  wood 
iUell    Odorous  matters,  could  only  be  infused  in  weak  alcoholic  solutions, 

or  essential  oils :  they  were  considered  to  be  equally  durable  with  those  sup- 
I  by  the  hand  of  nature.  Resins,  similarly  introduced,  were  found  to 

increase  amazingly  the  inflammability  of  the  woods,  and  to  render  them 

impervious  to  water. 
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On  the  whole  the  method  is  considered  to  promise  the  means  of  working 

almost  any  desired  change  in  the  constitution  and  properties  of  woods,  when 

the  fluids  are  presented  to  them  before  the  vitality  of  the  tree  has  ceased.  It 

is  true  we  have  as  yet  only  two  years'  trial  of  these  experiments,  but  they 
have  been  scientifically  deduced,  and  their  inventor  is  still  engaged  in  prose- 

cuting them.  It  is  to  be  hoped,  and  also  expected,  that  these  interesting  and 

flattering  promises  of  success  will  be  realised,  and  even  extended,  when  tried 

by  that  most  severe  of  all  tests,  time.* 

•  Since  I  collected  the  above  particulars  from  the  number  for  June,  1040,  of  Let  Annalet  de 

C'himie  et  de  Physique,  pp.  113  to  157, 1  have  been  favoured  by  J.  E.  Puddock,  Esq.,  with  a  printed 
copy  of  the  English  translation  of  the  original  paper,  preceded  by  the  report  of  Messrs.  De 

Mirbel,  Arago,  Poncelet,  Audonin,  Gambey,  Boussingault,  and  Dumas,  on  the  part  oil' Academic 
des  Science*,  confirming  the  value  of  the  invention.  In  France,  Dr.  Boucherie  has  relinquished 
his  brevet,  and  thrown  the  process  open  to  the  public  in  consideration  of  a  national  reward  ;  and 
immense  preparations  have  been  there  made  for  the  employment  of  the  preservative  process  for 
the  French  navy.  In  England  Dr.  Boucherie  and  Company  have  obtained  two  patents,  and  Mr. 

Paddock,  their  agent,  has  specimens  of  pine,  plane-tree,  &c.,  variously  prepared  and  coloured, 
with  the  pyrolignite  of  iron,  the  prussiate  of  iron,  the  prussiate  of  copper,  and  various  other 
metallic  salts,  &c. 

See  Appendix,  Note  B.  page  459 ;  and  also  Appendix,  Vol.  II.  Note  H,  page  953. 
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SECOND  DIVISION  OR  PART. 
A w 

CHAl'TKU  VII. 

MATKKLU.s    FKOM    THK    AMMAl.    KINGDOM.* 

gECT.   I. — I'ORCELANOUS   AND    NACREOUS    SHELLS,    BONES,    ETC. 

Tin:  hard  solid  substances  derived  from  the  Animal  Kingdom, 
are  parts  of  the  external  or  internal  skeletons,  as  shells  and 
bones  ;  or  of  the  instruments  of  sustenance  and  defence,  as  horns, 

hoofs,  n:iiN.  claws,  and  teeth  :  these,  together  with  the  various 
coverings  of  animals,  whether  hair,  feathers  or  scales,  are  alike 

composed  of  animal  and  earthy  matters,  almost  exclusively  albu- 
mrii,  gelatine,  and  lime,  combined  in  various  proportions,  and 
with  a  structure  more  or  less  interspersed  with  animal  fibre. 
Many  of  these  arc  either  formed  by  the  deposition  of  successive 
annual  layers,  or  they  are  altogether  yearly  renewed. 

A  brief  consideration  of  the  chemical  difference  between  their 

component  parts,  and  of  their  respective  proportions,  in  such  as 
arc  used  in  the  arts,  will  show  the  reasons  for  their  various 
characters,  and  different  treatment  with  tools. 

Albumen,  the  principal  ingredient  of  these  animal  substances 

*  The  author  begs  to  premise,  that  having  but  little  personal  experience  in 
the  subject-matters  of  this  present  chapter,  he  has  not  hesitated  to  draw  largely 

the  Manuel  d»  Tournewr  and  also  from  two  valuable  papers  "  On  Horn  and 

icll,"  and  "  On  Bone,  and  its  uses  in  the  Arts"  by  Arthur  Aikin,  Esq., 
before  the  Society  of  Arts  in  1832,  1838,  and  1839,  and  published  iu  their 

Transactions,  Vol.  LI  I.,  I'.n-t  2,  pp.  334 — 379  :  in  which,  in  addition  to  the  informa- 
tion on  the  point*  here  to  be  discussed,  are  contained  many  interesting  particulars, 

the  physiology,  and  on  the  historical  and  present  uses  of  these  substances.  An 

icle  on  Tortoiseshell,  in  Gill's  Technological  Repository,  1827,  Vol.  I.,  p.  332, 
ved  from  the  Franklin  Journal  and  F EHcydoptdic  Mlthodiq**,)  has  likewise 

been  consulted :  the  several  extracts  will  be  respectively  noticed. 
The  author  baa  been  further  enabled  by  the  kindness  of  various  practical  friends, 

to  advance  other  examples  and  particulars,  and  to  procure  specimens  of  several  of 
the  materials  in  their  different  stages  of  manufacture.  In  accordance  with  the 
prescribed  plan  of  the  work,  he  has  dwelt  more  at  length  on  those  parts  which  the 
amateur  may  practise  with  comparatively  few  apparatus. 
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and  which  exists  in  the  purest  form  in  the  white  of  eggs,  is  hard- 
ened by  a  degree  of  heat  less  than  the  boiling  temperature  of 

water,  and  is  insoluble  in  the  same.  Gelatine,  of  which  jelly 

and  glue  are  different  examples,  is  softened  by  heat,  and  rendered 
fluid  by  the  addition  of  water ;  both  are  easily  cut  and  scraped, 
in  all  their  various  stages  from  soft  to  hard,  and  during  this 
change  they  contract  very  materially,  but  without  entirely  losing 
their  elasticity. 

The  earthy  matters  of  the  animal  solids,  principally  the  phos- 
phate and  carbonate  of  lime,  are  widely  different  from  the  fore- 

going, and  also  from  the  substances  of  the  woods  and  metals. 

They  are  inelastic,  and  often  crystalline,  and  therefore  inca- 
pable of  being  cut  into  shreds  or  shavings :  as  when  they  are 

divided,  they  become  smaller  fragments  or  particles  which  are 

Jilways  angular  :  they  are  comparatively  uninfluenced  by  water  or 
small  changes  of  temperature,  and  are  incapable  of  contraction. 

When  the  earthy  and  crystalline  structures  prevail,  the  animal 
substances  are  harsh,  incapable  of  absorbing  moisture,  or  of 
alteration  of  size  or  form  ;  when  the  animal  and  fibrous  charac- 

ters prevail,  they  are  easily  cut,  and  they  absorb  moisture,  soften, 
and  swell.* 

In  some  of  the  shells,  the  quantity  of  animal  matter  is  so 

small  and  the  lime  is  in  so  hard  and  compact  a  form,  that  they 

are  very  brittle,  partially  translucent,  generally  they  have  smooth 
surfaces,  and  are  incapable  of  being  cut  with  a  knife  or  tools  ; 
such  shells  are  called  porcelarwus,  from  their  resemblance  to 
porcelain  ;  they  include  most  of  the  univalve  shells,  such  as  the 

whelks,  limpets,  and  cowries.  Most  of  these  can  only  be  worked 
upon  after  the  manner  of  the  lapidary,  with  emery  and  other 
gritty  matters  harder  than  themselves,  by  which  means  they  are 

*  The  numbers  attached  to  the  following  substances  show,  iu  a  rough  Dimmer. 
the  rate  per  cent,  of  animal  matters  respectively  contained ;  the  remainder,  princi- 

pally carbonate  and  phosphate  of  liine,  being  neglected. 

Enamel  of  teeth,  the  hardest  of  the  class,  contains  from  2  to  3|  per  cent,  of 
animal  matter,  (Berzelius).  Porcelanous  shells  are  nearly  similar.  Xacreous  shells, 

24  per  cent.  (Hatchett).  Ivory,  24  per  cent.  (Ure) ;  25  per  cent.  (Herat  Guillot). 
Bone,  33  per  cent.  (Berzelius).  Horn,  is  coagulated  albumen  and  lime,  with  \  pi-r 
cent,  of  phosphate  of  lime,  (Ure).  Tortoiseshell  is  nearly  the  same  as  horn.  The 

horn  of  the  buck  and  hart  are  intermediate  between  bone  and  ordinary  horn  (Ure). 
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tiul  polished,  aa  will  bo  explained  in  speaking  of  that  art ; 
by  analysis,  porcclauous  shells  arc  considered  closely  to  agree 
with  the  enamel  of  the  teeth. 

The  nacreous  shells,  thus  named  from  nacre,  the  lYeuch  for 

mother-of-pearl,  are  most  commonly  kno\\n  in  the  shells  of  the 
i-bearing  oyster  of  the  Indian  Seas  (Ostraa  mari/tiritifera), 

but   they  include  the  generality  of  the  bivalve  shells,  as  the 

•us  oysters,  muscles,   &c. ;    within  they   are   smooth   and 
.nt  ;  \\  ithout  they  have  a  rough  coat  or  epidermis. 

kinds  contain  a  larger  proportion  of  animal  matter, 
which  is  considered  to  be  arranged  in   alternate  layers  with 
the  carbonate  of  lime ;  and  as  these  shells  also  an  impenetrable 

to  water,  they  neither  shrink  nor  swell.     The   pearl  shells  are 
less  frangible  and  hard  than  the  porcelanous  shells,  and  they 

mit  of  being  sawn,  scraped,  and  filed,  with  ordinary  tools ;  but 
iey  are  harsh,  scratchy,  and  disagreeable  under  the  operation. 

The  beautiful  iridescent  appearance  of  the  pearl  shells  is  attri- 
buted to  their  laminated  structure,  which  disposes  their  surfaces 

in  minute  furrows,  that  decompose  and  reflect  the  light;  and 

o\\iiiLT  to  this  lamellar  structure,  they  also  admit  of  being  split 
into  leaves,  for  the  handles  of  knives,  counters  and  the  purposes 

of  inlaying.     As  the  pieces  are  very  apt  to  follow,  and  even  to 
exceed   the   curvature   of  the   surface,  splitting  is   not  much 

d  to,  but  the  different  parts  of  the  shell  are  selected  to 

suit  the  several  purposes  as  nearly  as  possible;  and  the  excess 
of  thickness  is  removed  upon  the  grindstone  in  preference  to 

risking  the  loss  of  both  parts  in  the  attempt  to  split  them. 
The  usual  course  in  preparing  the  rough  pearl  shell  for  the 

>  to  cut  out  the  square  and  angular  pieces  with  the  ordi- 
nary brass-back  saw,  and  the  circular  pieces,  such  as  the 

buttons,   with   the  annular  or  crown  saw,   fixed   upon    a   lathe 
mandrel.      The  sides  of  the  pieces  are  then  ground  flat  upon  a 

inhtone,  the  edge  of  which  is  turned  with  several  grooves, 
as  the  ridges  arc  considered  to  cut  more  quickly  than  the  entire 
surface,   from  becoming  less  clogged  with  the  particles  ground 

otl'.     The  pieces  arc  finished  upon  the  flat  side  of  the  stone,  and 
arc  then  ready  for  inlaying,  cngra\ing  and  polishing,  according 

to  the  purposes  for  which  they  arc  intended.     Cylindrical  pieces 
it   out   of  the  thick  part  of  the  shell,  near  the  joint  or 
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hinge,  and  rounded  upon  the  grindstone,  ready  for  the  lathe,  in 
which  they  may  be  turned  with  the  ordinary  tools  used  for  ivory 

and  the  hard-woods." 

In  the  bones  of  animals,  the  earthy  and  animal  matters  are 
more  nearly  balanced  ;  they  are  therefore  less  brittle  than  the 

shells,  but  prior  to  being  used  they  require  the  oil  with  which 
they  are  largely  impregnated  to  be  extracted  by  boiling  them  in 

water,  and  bleaching  them  in  the  sun  or  otherwise.  This  pro- 
cess of  boiling,  in  place  of  softening,  robs  them  of  part  of  their 

gelatine,  and  therefore  of  part  of  their  elasticity  and  contracti- 
bility  likewise  ;  they  become  more  brittle,  and  having  a  fibrous 
structure,  they  break  in  splinters. 

The  forms  of  the  bones  are  altogether  unfavourable  to  their 

extensive  or  ornamental  employment ;  most  of  them  are  very 
thin  and  curved,  contain  large  cellular  cavities  for  marrow,  and 

are  interspersed  with  vessels  that  are  visible  after  they  are  worked 

up  into  brushes,  spoons,  and  articles  of  common  turnery.  The 
buttock  and  shin  bones  of  the  ox  and  calf,  are  almost  the  only 
kinds  used.  To  whiten  the  finished  works,  they  are  soaked  in 

turpentine  for  a  day,  boiled  in  water  for  about  an  hour,  and  then 
polished  with  whiting  and  water. 

*  The  following  are  considered  by  an  experienced  dealer  to  be  the  respective 
qualities  of  the  pearl  shells.  The  Chinese,  from  Manilla,  are  the  best ;  they  are 

fine,  large,  and  very  brilliant,  with  yellow  edges.  Singapore,  fine  large  shells,  dead- 
white.  Bombay,  a  common  article.  Valparaiso,  also  common,  with  jet  black  edges. 

South  Sea  pearl  shells,  common,  with  white  edges. — See  note  on  page  42. 
The  very  beautiful  dark  green  pearl  shells,  are  known  as  ear-shells  or  sea-ears ; 

they  are  unlike  the  others  in  form,  being  more  concave,  and  with  small  holes  around 

the  margin,  and  are  the  coverings  of  the  Haliotis,  found  in  the  Californian,  South 

African,  and  East  Indian  Seas.  Cameos  are  cut  in  the  conch-shell,  Strombus  Gigat, 
of  the  southern  coast  of  America,  and  the  West  Indian  Islands. 

The  Rev.  Essex  H.  Bond  informs  me  that  he  has  seen  the  Chinese  work  the 

largest  of  known  shells,  the  Ckama  Gigas  of  Linnaeus,  the  Tridacna  Giyas  of 

Lamarck,  into  snuff-bottles,  tops  of  walking-sticks,  bangles  (a  kind  of  bracelet,)  and 
similar  articles,  some  of  which  he  possesses.  The  shell  is  a  bivalve  and  not 
nacreous,  generally  white,  sometimes  pale  blue;  it  may  be  beautifully  polished,  aud  is 
less  readily  scratched  than  mother-of-pearl ;  its  localities  are  the  Indian  Seas,  New 
Holland  and  the  Red  Sea,  but  the  largest  are  obtained  from  Sumatra,  one  pair 

from  whence,  described  in  Sir  Joseph  Banks'  MSS.  Library,  is  said  to  weigh,  the 
one  valve  285,  the  other  222  pounds,  but  the  more  usual  weight  is  about  100  pounds 
each  valve.  Mr.  Bond  considers  the  useful  portions  of  the  shell,  already  prepared, 
might  be  obtained  from  China. 
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t;ii  less  disagreeable  under  the  tools  than  tho  pearl 
slid),  but  it  is  nevertheless  hard,  har>h  and  chalky  ;  the  screws 
cut  en  hone  are  imperfect  and  soon  injured.  It  is  harder,  often 
whiter,  hut  much  less  pleasant  to  work  than  ivory,  which  beau- 

tiful material  \\ill  br  treated  of  separately  in  the  next  chapter. 

8BCT.  II. —  HORN. 

THE  horns  of  animal>  have  next  to  be  considered,  for  which, 
Mr.  Aikin, 

•  In  the  Knglish  language  we  have  only  one  word  to  express 
t\\o  quite  different  substances;  namely,  the  branched  bony 
horns  of  the  stag  genus,  and  the  simple  laminated  horns  of  the 

ox  genus,  and  other  kindred  genera." 
"  The  bony  horns  are  called  in  the  French  bois,  from  their 

likeness  to  the  branch  of  a  tree  :  they  are  annually  renewed/' 
••  The  other  sort  of  horn  to  which  the  French  appropriate  the 

term  come,  and  which  i>  the  subject  of  our  present  inquiry,  i> 

Ion  ml  on  the  ox,  the  antelope,  the  goat,  and  sheep  kinds."  ' 
These  two  kinds  will  be  considered  separately. 

The  stag-horn  closely  resembles  the  ordinary  solid  bones,  both 
in  its  chemical  characters,  and  also  in  structure,  as  it  is  spongy 
and  cellular  in  its  central  parts.  The  horn  is  sawn  into  pieces, 

filed  to  the  required  shapes,  and  used  without  any  further  pre- 
paration, the  natural  rough  exterior  of  the  horn  being  left  in  the 

original  state ;  its  appearance  is  neat  and  ornamental,  and  from 
its  uneven  surface  is  very  suitable  for  the  handles  of  knives,  and 
other  instruments  requiring  to  be  held  with  a  firm  grasp. 

When  short  pieces  of  stag-horn  are  used  entire,  as  for  the 
handles  of  table-knives,  the  hollow  cellular  part  is  concealed  by 
the  addition  of  the  metal  cap,  and  those  parts  of  the  white 
internal  substance,  which  are  necessarily  exposed,  are  browned 
with  a  hot  iron,  or  the  flame  of  a  blowpipe,  so  as  nearly  to  match 
the  other  parts.  The  deer  horns  are  imported  from  Ceylon  and 
Bombay,  and  the  finest  from  Germany.  Sec  Appendix,  Note 

M.  \>.  957j  Vol.  ii.,  on  straightening  stag-horn  and  buck-horn. 

horns  of  the  ox  tribe  are  deposited  in  annual  layers  upon 

the  bony  core-*  that  project  from  the  foreheads  of  the  animals; 

•  Timiw.  Soc.  of  Arts,  Vol.  LIT.,  Part  2.  p.  384. 
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whence  it  results,  that  the  general  form  of  the  horn,  (neglecting 
its  curvature.)  is  conical,  the  portion  beyond  the  core  is  solid, 
and  the  other  extremity  tapers  off  so  as  to  terminate  at  the  base 
in  a  single  plate,  or  extremely  thin  edge. 

Horn  consists  almost  entirely  of  animal  matter,  chiefly  mem- 
branous, namely  coagulated  albumen  with  a  little  gelatine,  and 

an  inconsiderable  portion  of  phosphate  of  lime  :  had  the  horns 
much  more  earth  they  would  be  brittle  like  bones,  had  they 

much  more  gelatine  they  would  be  soluble  like  jelly  or  glue ;  as 

they  are  constituted,  the  quantity  of  gelatine  is  only  sufficient 
to  allow  them  to  be  considerably  softened  by  a  degree  of  heat 
not  exceeding  that  of  melted  lead,  after  which  they  may  be  cut 
open  with  knives  or  shears,  flattened  into  plates,  divided  into 
leaves,  and  struck  between  dies  like  metal.  Their  gelatine 
serves  as  a  natural  solder,  so  that  neighbouring  surfaces,  when 

perfectly  free  from  greasy  matter,  may  be  permanently  joined 
together  by  moisture,  heat  and  pressure,  the  union  becomes 
perfect,  but  horn  being  a  cheap  material  the  process  of  joining 
it  is  seldom  practised. 

Our  own  supply  of  the  horns  of  the  ox  and  cow  is  insufficient 

for  the  numerous  uses  to  which  this  substance  is  applied,  and 
they  are  largely  imported  from  Buenos  Ay  res  and  the  Cape  of 
Good  Hope,  also  those  of  the  bison  and  buffalo  from  the  East 

Indies ;  the  latter  are  sometimes  very  beautiful,  and  reserved 

for  superior  purposes.  The  straight  conical  horn  of  the  rhino- 
ceros is  also  occasionally  used ;  it  is  solid,  and  formed  as  of  a 

group  of  hairs  cemented  together ;  the  transverse  section  of  the 
upper  part  of  the  horn  exhibits  small  dots.  The  horns  of  the 
chamois  and  antelope,  and  those  of  some  other  animals,  are 

generally  looked  upon  as  natural  curiosities,  and  are  only 
polished  exteriorly,  without  any  strictly  manufacturing  process 
being  applied  to  them. 

The  first  step  in  operating  upon  horn  is  the  separation  of  the 
bony  core,  which  is  effected  by  macerating  the  horns  in  water 

for  about  a  month,  when,  from  the  putrefaction  of  the  inter- 
mediate membrane,  the  core  may  be  readily  detached ;  this  is 

not  thrown  away,  but  burnt  to  constitute  the  bone  earth  used 
for  the  cupels  for  assaying  gold  and  silver. 

The  solid  portion  or  tip  of  the  horn  is  usually  sawn  off,  and  the 
remainder,  if  not  cut  into  short  lengths,  is  softened  by  immersion 
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for  half  an  hour  in  boiling  water ;  it  is  then  held  in  the  flame  of 

a  coal  or  wood  fire,  until  it  acquires  nearly  the  heat  of  incited 

lend,  when  it  becomes  exceedingly  soft,  after  which  it  is  .slit  up 
the  side  with  a  strong  pointed  knife,  and  opened  out  by  means  of 

t\\o  pairs  of  pincers  applied  to  the  edges  of  the  slit;  and  lastly, 

•'Jlati"  are  inserted  between  iron  plates  previously  heated 
and  greased,  which  are  squeezed  tight  in  a  kind  of  horizontal 

frame  or  press  by  means  of  wedges ;  wooden  boards  may  be  used. 
For  general  purposes,  as  for  combs,  the  pressure  should  be 

moderate,  otherwise,  in  the  language  of  the  workman,  it  breaks 

the  grain ,  or  divides  the  laminae,  and  causes  the  points  of  the 
teeth  to  split ;  but  great  pressure  is  purposely  used  in  the 
manufacture  of  the  leaves  for  lanterns,  which  arc  afterwards 

completely  separated  with  a  round-pointed  knife,  scraped  and 

polished.*  The  heat  and  pressure  when  applied  to  the  light 
coloured  horn  render  it  also  transparent. 

An  improved  mode  of  "opening  horn"  was  invented  by  Mr. 
J.  James,  by  which  the  risk  of  its  being  scorched  or  frizzled  over 
the  open  fire  is  entirely  removed;  he  employs  a  solid  block  of 
iron  with  a  conical  hole,  and  an  iron  conical  plug :  these  are 
heated  over  a  stove  to  the  temperature  of  melted  lead,  and  the 

horn,  after  having  been  divided  lengthways  with  a  saw  or  knife, 

.-ei  ted  in  the  hole,  the  plug  is  gradually  driven  in  with  a 
mallet,  and  in  the  space  of  about  a  minute  the  horn  is  softened 

and  ready  for  being  opened  in  the  usual  manner,  t 

In  making  drinking-horns,  and  some  few  other  turned  works, 
the  material  is  cut  to  the  appropriate  length,  brought  to  the 
circular  form,  and  allowed  to  cool  in  the  mould;  the  process  is 

similar  to  that  just  described,  although  the  old  methods  of  the 

open  fire  and  wooden  cones  are  commonly  used.  The  horn  is 
then  fixed  in  the  lathe  by  its  larger  end,  and  turned  on  its  inner 
and  outer  surfaces,  and  the  groove,  or  chime,  for  the  bottom,  is 
cut  with  an  appropriate  tool.  A  thin  plate,  previously  cut  out 
of  a  flat  piece  of  horn  with  a  crown  saw,  is  dropped  into  the  horn, 
and  forced  into  the  groove,  after  the  horn  has  been  sulliciently 

heated  before  the  fire  to  allow  the  necessary  expansion;  in  cool- 

ing the  on  fixes  the  bottom  water-tight.  J 

•  The  •barings  thus  removed  are  used  for  the  Chinese  sensitive  leave*,  which  curl 
up  when  placed  on  tlie  hand,  from  tlio  temporary  evaporation  of  their  moisture. 

t  Tnu».8oo.  of  Art*.  foLZLl  :  Vol.  Ml..  j..  341. 
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THE    EXPANDING    SNAKE. 

As  au  illustration  of  the  peculiar  properties  of  horn,  and  a 
mode  of  its  employment  in  the  lathe,  may  be  mentioned  the 

expanding  snake  :  this  toy  is  well  known  to  consist  of  a  conical 
piece  of  horn,  the  one  end  of  which  is  carved  to  represent  the 
head,  and  the  remainder  is  cut  into  a  single  spiral  shred,  so  as 
to  admit  of  great  expansion  in  imitation  of  the  body  of  the 

reptile.  I  find  the  elastic  portion  of  the  one  before  me  to  mea- 
sure when  compressed,  barely  one  inch  and  a  quarter  in  length, 

and  that  it  expands  to  upwards  of  three  feet  and  a  half,  or 

thirty-five  times  :  no  mean  proof  of  the  elasticity  of  the  material. 
In  making  this  trifle,  the  material  is  first  turned  to  a  conical 

form,  after  which  a  hole  of  about  one-eighth  or  one  sixth  of  an 
inch  diameter,  is  pierced  from  the  tail  almost  through  the  head ; 
the  horn  is  then  soaked  for  about  two  days  in  cold  water  to 

soften  it,  and  the  spiral  incision  or  screw  is  made  at  one  single 
cut,  by  means  of  a  tool  extending  from  the  center  to  the 
circumference ;  the  cutter  is  not  required  to  be  very  thiu,  as 
the  shaving  will  bend  away  to  make  room  for  the  same.  One 

of  the  three  following  modes  of  proceeding  is  recommended  in 
the  Manuel  du  Tourneur. 

First,  by  the  employment  of  a  sliding  rest,  adapted  to  cutting 

screws,  by  which  the  tool  is  traversed,  or  guided  mechanically 
along  the  horn  during  the  rotation  of  the  mandrel  of  the  lathe; 
and  to  prevent  the  fracture  of  the  toy  during  its  construction,  a 

stick  of  wood,  with  a  button  on  the  end  of  it,  is  put  up  the 
aperture,  io  receive  and  support  the  spiral  as  it  is  produced. 

Another  method  is  by  the  employment  of  a  lathe  with  a 

traversing  or  screw-cutting  mandrel,  upon  which  latter  the  horn 

is  fixed,  the  tool  being  kept  stationary  in  the  slide  rest.     Both 

methods  require  expensive  apparatus,  the  principles  of  which 
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will  be  explained   in  the  chapter  on  screw-cutting  tools  in  the. 
second  volume.41 

The  third  phi.  'finely  simple,  and  appears  on  inspection 
e  bnii  tin-  one  pursued  in  this  instance;  it  is  ascribed  to 

11  tny-iuakers.  The  horn  is  prepared  as  before,  but 
the  and  slide-rest  give  way  to  the  ordinary  carpei 

brace,  which  carries  the  piece  of  horn  as  in  fig.  30.  A  small 

tool  is  tixrd  in  the  viee  or  bench;  it  consists  of  a  piece  of  wood, 
to  which  is  screwed  a  hardened  steel  plate  about  one-twelfth  of 
an  inch  thick,  it  has  a  hole  equal  to  the  diameter  of  that  in  the 

hum.  tor  the  passage  of  the  supporting  wire;  the  plate  is  divided 
radially  ;  the  one  edge  is  sharpened  very  keenly,  and  bent  so 
much  in  advance  of  the  other,  that  their  difference  of  level  or 

agreement,  shall  be  equal  to  the  intended  thickness  of  the  con- 
tinuous shaving  of  the  body  of  the  snake,  and  therefore  the 

projecting  edge  assimilates  to  the  mouth  of  a  plane ;  the  last 
processes  in  every  case  being  to  carve  the  head  and  to  attach  a 
little  piece  for  the  end  of  the  tail. 

It  is  necessary  the  coils  of  the  snake  should  be  of  a  conical 

form,  or  dished,  as  in  fig.  31,  instead  of  being  quite  flat,  as  it 
increases  the  strength  of  the  toy;  this  is  accomplished  by  making 
the  cutting  edge  of  the  tool  oblique  to  the  axis  of  the  snake. 
Fig.  32  shows  the  tool  for  the  lathe.  The  several  details  are  too 
simple  to  require  further  explanation.! 

handles  for  knives,  razors,  and  other  works  moulded  in 

horn,  are  thus  made:  the  horn  is  first  cut  into  appropriate 

pieces  with  the  saw,  and  when  heated  these  are  pared  with  a 
knife  or  spokcshave,  to  the  general  form  and  size  required;  in 

this  state  horn  works  as  easily  as  a  piece  of  deal;  after  having 

been  pared  the  pieces  are  pressed  into  moulds. 
An  idea  of  the  moulds  will  be  conveyed  by  imagining  two  dies, 

or  pieces  of  metal,  parallel  on  their  outer  surfaces,  and  with  a 
ity  sunk  entirely  in  the  one,  or  partly  in  each,  according  to 

circumstances  :  the  cavities  made  either  straight,  curved,  twisted, 
rounded,  bcvillcd,  or  engraved  with  any  particular  device, 

according  to  the  pattern  of  the  work  to  be  produced. 

The  pressure  is  applied  to  the  dies,  by  enclosing  them  in  a  kind 

;>,  made  like  a  very  strong  pair  of  nut-crackers,  but  with  n 

•  The  actual  apparatus  described  in  the  Manuel  is  slightly  different,  but  lc«a 
convenient  than  the  latter,  which  u  far  more  likely  to  be  now  euipl- 

t  Manuel  du  Tourneur,  1816.     V  117—123. 
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powerful  screw  at  the  end  opposite  to  the  joint ;  the  mould,  dies, 
and  horn,  are  dipped  into  boiling  water  for  a  few  minutes,  and 
then  screwed  as  fast  as  possible  immediately  on  removal  from 

the  same,  and  in  about  twenty  minutes  the  work  is  ready  for 

finishing;  some  handles  are  made  of  two  pieces  joined  together.* 
"  Horn  is  easily  dyed  by  boiling  it  in  infusions  of  various 

coloured  ingredients,  as  we  see  in  the  horn  lanterns  made  in 

China.  In  Europe  it  is  chiefly  coloured  of  a  rich  red-brown,  to 
imitate  tortoiseshell,  for  combs  and  inlaid-work.  The  usual 

mode  of  effecting  this  is  to  mix  together  pearl-ash,  quicklime, 
and  litharge,  with  a  sufficient  quantity  of  water  and  a  little 

pounded  dragon's-blood,  and  boil  them  together  for  half  an  hour. 
The  compound  is  then  to  be  applied  hot  on  the  parts  that  are 
required  to  be  coloured,  and  is  to  remain  on  the  surface  till  the 

colour  has  struck ;  on  those  parts  where  a  deeper  tinge  is  re- 
quired, the  composition  is  to  be  applied  a  second  time.  This 

process  is  nearly  the  same  as  that  employed  for  giving  a  brown 
or  black  colour  to  white  hair ;  and  depends  on  the  combination 
of  the  sulphur,  (which  is  an  essential  ingredient  in  albumen,) 
with  the  lead  dissolved  in  the  alkali,  and  thus  introduced  into 

the  substance  of  the  horn."  f  The  horn  which  is  naturally  black 
is  less  brittle  than  that  which  is  so  stained. 

SECT.    III. — TORTOISESHELL. 

TORTOISESHELL  comes  next  under  consideration.  "The  animal 
which  produces  this  beautiful  substance,  is  a  marine  tortoise, 

called  the  Testudo  imbricata,  or  hawk's-bill  turtle.  Its  Latin 
name  is  derived  from  the  mode  in  which  the  scales  on  its  back 

are  placed,  over-lapping  one  another  like  the  tiles  011  the  roof  of 

*  A  patent  has  been  taken  out  by  the  Messrs.  Deakins  for  making  kiiife-handles, 
door-knobs,  large  rings,  &c.,  of  horn,  by  an  ingenious  combination  of  moulding  and 
dovetailing ;  the  material  from  its  greasy  nature  being  less  adapted  to  the  cementing 
or  soldering  process  than  tortoiseshell. 

"  On  referring  to  French  authorities,"  says  Mr.  Aikiu,  "  I  find  it  stated  that 
horn,  steeped  for  a  week  in  a  liquor,  tho  active  ingredient  of  which  is  caustic  fixed 
alkali,  become  so  soft  that  it  may  be  easily  moulded  into  any  required  shape. 
Horn  shavings  subjected  to  the  same  process  become  semi-gelatinous,  and  may  be 
pressed  in  a  mould  in  the  form  of  snuff-boxes  and  other  articles.  Horn,  however, 
so  treated  becomes  hard  and  very  brittle,  probably  in  consequence  of  its  laminated 
structure  being  obliterated  by  the  joint  action  of  the  alkali  and  strong  pressure."— 
Trans,  of  the  Society  of  Arts,  Vol.  LIL,  page  340. 

t  Idem,  341. 



DESCRIPTION    OP   TORTOIM  127 

In  tin-  nivumstance  it  teems  to  differ  from  almoHt  all 

others  of  its  genus."  * 

'I'iir  iiMinl  size  of  the  full-grown  animal  is  about  a  yard  long 
and  three  quarters  of  a  yard  wide ;  its  covering  consists  of 
thirteen  principal  plates,  five  down  the  center  of  the  back,  and 

tour  ou  eaeh  Midi-,  and  in  a  tortoise  of  the  above  size,  the  largest, 
;  i  win-plates,  weigh  about  nine  ounces,  and  measure  about 

thirteen  by  eight  inches,  and  one  quarter  of  an  inch  thick  at  the 
central  parts  ;  but  they  are  thinned  away  at  the  edges  where  they 
overlap,  owing  to  the  deposition  of  the  substance  of  the  shell 

in  annual  layers,  each  extending  beyond  the  previous  one.  Very 

ly,  the  shells  are  three-eighths  thick  and  proportionately 
heavy.  Others  are  very  thin  and  appear  to  consist  of  only  one 
single  layer  ;  this  is  supposed  to  occur  when  the  animal  loses  a 

plate  by  accident,  or  that  it  is  stripped  and  thrown  back  again  into 
the  sea  whilst  alive ;  such  shells  are  usually  very  light  coloured 

and  are  called  "  yellow  belly."  There  are  also  twenty-five  small 
os  of  shell  which  envelope  the  edge  of  the  animal,  but  these 

can  only  be  applied  to  very  small  purposes. 

Some  of  the  tortoiseshell  is  of  very  dark  brown  tints  running 

into  black,  and  interspersed  with  light  gold-coloured  dashes  and 
marks;  these  are  considered  the  best ;  others  are  lighter,  even  to 

pale  red-browns,  yellow,  and  white ;  the  last  are  not  valued,  the 
yellow  are  used  for  covering  the  works  of  musical  snuff-boxes,t 
and  the  light  red  and  brown  shells  are  manufactured  into 

ladies'  combs,  for  exportation  to  Spain,  where  they  obtain  double 
the  price  of  those  made  of  the  darker  coloured  tortoiseshell. 

Tin-  shell  of  the  turtle  is  also  used,  but  it  has  not  the  trans- 
parent character  of  the  foregoing ;  the  colours  are  lighter,  less 

beautifully  marked,  and  it  is  little  valued.^ 

•  Trans.  Soc.  of  Arts,  VoL  LIL,  p.  843. 
f  Some  inimical  boxen  are  covered  with  horn  or  the  belly  shell*  of  the  turtle. 

*  A  tortoiseahell  merchant  of  considerable  experience  informs  me  that  he 
considers  the  following  the  qualities  of  the  different  varieties.  Manilla,  fine  and 

Urge  ;  Singapore,  nearly  as  good ;  West  Indian,  large  and  heavy,  but  red ;  Honduras, 
better  coloured,  darker,  l>ut  with  large  dark  rod  spots ;  Calcutta,  dark,  heavy,  and  of 
bad  colour;  Bombay  shell,  the  worst  and  very  scabby,  from  the  attachment  of 
barnacles,  limpets,  Ac.  There  is  also  the  Loggerhead  tortoiseshell,  which  is  almost 

useless,  and  the  Yellow  Bell}-,  which  plates  are  very  thin  and  yellow. 
Of  the  Turtle  shell,  that  fro  MI  Colombia  in  bent,  fine  and  dark ;  Jamaica,  light 

coloured  red  and  very  inferior ;  East  Indian,  of  middling  quality  and  but  seldom 

met  with.  The  small  /«*«•  are  called  cMotou,  and  their  markings  are  dim  inn 
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powerful  screw  at  the  end  opposite  to  the  joint ;  the  mould,  dies, 
and  horn,  are  dipped  into  boiling  water  for  a  few  minutes,  and 
then  screwed  as  fast  as  possible  immediately  on  removal  from 
the  same,  and  in  about  twenty  minutes  the  work  is  ready  for 

finishing ;  some  handles  are  made  of  two  pieces  joined  together.* 

"  Horn  is  easily  dyed  by  boiling  it  in  infusions  of  various 
coloured  ingredients,  as  we  see  in  the  horn  lanterns  made  in 

China.  In  Europe  it  is  chiefly  coloured  of  a  rich  red-brown,  to 
imitate  tortoiseshell,  for  combs  and  inlaid-work.  The  usual 

mode  of  effecting  this  is  to  mix  together  pearl-ash,  quicklime, 
and  litharge,  with  a  sufficient  quantity  of  water  and  a  little 

pounded  dragon's-blood,  and  boil  them  together  for  half  an  hour. 
The  compound  is  then  to  be  applied  hot  on  the  parts  that  are 
required  to  be  coloured,  and  is  to  remain  on  the  surface  till  the 

colour  has  struck ;  on  those  parts  where  a  deeper  tinge  is  re- 
quired, the  composition  is  to  be  applied  a  second  time.  This 

process  is  nearly  the  same  as  that  employed  for  giving  a  brown 
or  black  colour  to  white  hair ;  and  depends  on  the  combination 
of  the  sulphur,  (which  is  an  essential  ingredient  in  albumen,) 
with  the  lead  dissolved  in  the  alkali,  and  thus  introduced  into 

the  substance  of  the  horn."  f  The  horn  which  is  naturally  black 
is  less  brittle  than  that  which  is  so  stained. 

SECT.    III. — TORTOISESHELL. 

TORTOISESHELL  comes  next  under  consideration.  "The  animal 
which  produces  this  beautiful  substance,  is  a  marine  tortoise, 

called  the  Testudo  imbricata,  or  hawk's-bill  turtle.  Its  Latin 
name  is  derived  from  the  mode  in  which  the  scales  on  its  back 

are  placed,  over-lapping  one  another  like  the  tiles  on  the  roof  of 

*  A  patent  has  been  taken  out  by  the  Messrs.  Deakins  for  making  knife-handles, 
door-knobs,  large  rings,  &c.,  of  horn,  by  an  ingenious  combination  of  moulding  and 
dovetailing ;  the  material  from  its  greasy  nature  being  less  adapted  to  the  cementing 
or  soldering  process  than  tortoiseshell. 

"  On  referring  to  French  authorities,"  says  Mr.  Aikiu,  "  I  find  it  stated  that 
horn,  steeped  for  a  week  in  a  liquor,  tho  active  ingredient  of  which  is  caustic  fixed 
alkali,  become  so  soft  that  it  may  be  easily  moulded  into  any  required  shape. 
Horn  shavings  subjected  to  the  same  process  become  semi-gelatinous,  and  may  be 
pressed  in  a  mould  in  the  form  of  snuff-boxes  and  other  articles.  Horn,  however, 
so  treated  becomes  hard  and  very  brittle,  probably  in  consequence  of  its  laminated 
structure  being  obliterated  by  the  joint  action  of  the  alkali  and  strong  pressure."— 
Trans,  of  the  Society  of  Arts,  Vol.  LI  I.,  page  840. 

t  Idem,  341. 
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a  house.  In  this  circumstance  it  seems  to  tliil'n-  tY<>m  aln.',»t  all 

others  of  its  genus." 
The  uMinl  size  of  the  full-grown  animal  is  about  a  yard  long 

and  three  quarters  of  a  yard  wide;  its  covering  consists  of 
thirteen  principal  plates,  five  down  the  center  of  the  back,  and 

r  on  each  aide,  and  in  n  tortoise  of  the  ali<>\e  size,  the  largest, 
or  nuiin-plate>,  wei^h  about  nine  ounces,  and  measure  about 
thirteen  by  eight  inches,  and  one  quarter  of  an  inch  thick  at  the 

central  parts;  but  they  are  thinned  away  at  the  edges  where  they 
overlap,  owing  to  the  deposition  of  the  substance  of  the  shell 

in  annual  layers,  each  extending  beyond  the  previous  one.  Very 

rarely,  the  shells  are  three-eighths  thick  and  proportionately 
heavy.  Others  are  very  thin  and  appear  to  consist  of  only  one 
single  layer  ;  this  is  supposed  to  occur  when  the  animal  loses  a 

plate  by  accident,  or  that  it  is  stripped  and  thrown  back  again  into 
the  sea  whilst  alive  ;  such  shells  are  usually  very  light  coloured 

and  are  called  "  yellow  belly."  There  are  also  twenty-five  small 
pieces  of  shell  which  envelope  the  edge  of  the  animal,  but  these 

can  only  be  applied  to  very  small  purposes. 
Some  of  the  tortoiseshell  is  of  very  dark  brown  tints  running 

into  black,  and  interspersed  with  light  gold-coloured  dashes  and 
marks;  these  are  considered  the  best ;  others  are  lighter,  even  to 

pale  red-browns,  yellow,  and  white ;  the  last  are  not  valued,  the 
yellow  are  used  for  covering  the  works  of  musical  snuff-boxes,t 
and  the  light  red  and  brown  shells  are  manufactured  into 

ladies'  combs,  for  exportation  to  Spain,  where  they  obtain  double 
the  price  of  those  made  of  the  darker  coloured  tortoiseshell. 

The  shell  of  the  turtle  is  also  used,  but  it  has  not  the  trans- 
parent character  of  the  foregoing;  the  colours  are  lighter,  less 

beautifully  marked,  and  it  is  little  valued.J 

•  Trans.  Soc.  of  Arts,  VoL  LII.,  p.  :i 
f  Some  musical  boxes  are  covered  with  horn  or  the  belly  shells  of  the  turtle. 

t  A  tortoiseahell  merchant  of  considerable  experience  informs  me  that  he 

considers  the  following  the  qualities  of  the  different  varieties.  Manilla,  fine  and 

large  ;  Singapore,  nearly  as  good ;  West  Indian,  large  and  heavy,  but  red ;  Honduras, 

better  coloured,  darker,  but  with  large  dark  rod  spots ;  Calcutta,  dark,  heavy,  and  of 

bad  colour;  Bombay  shell,  the  worst  and  very  scabby,  from  the  attachment  of 

barnacles,  limpets,  Ac.  There  is  also  the  Loggerhead  tortoiseshell,  which  is  almost 

usslsss,  and  the  Yellow  Belly,  which  plates  are  very  thin  and  yellow. 

Of  the  Turtle  shell,  thu-  >inbia  U  bent,  fine  and  dark;  Jamaica,  light 
coloured  red  and  very  inferior;  East  India.  nig  quality  and  but  Mldom 

met  with.  The  small  Juket  are  called  chicke**,  and  their  marking*  are  diminutive. 
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The  treatment  of  tortoiseshell  is  essentially  the  same  as  that 

of  horn,  but  on  account  of  its  very  much  greater  expense,  it  is 
economised  so  far  as  possible.  Before  the  shells  are  worked  they 

are  often  dipped  in  boiling  water  to  temper  them;  three  or  four 
minutes  commonly  suffice,  but  they  require  a  longer  period  when 
they  are  either  thicker  or  more  brittle  than  usual :  excess  of 

boiling  spoils  the  colours  of  the  shells,  renders  them  darker,  and 
covers  the  outside  with  an  opaque  white  film.  Others,  flatten 

and  temper  the  shells  with  hot  irons,  such  as  are  used  by  laun- 
dresses; the  shell  is  continually  dipped  in  cold  water  to  prevent 

its  being  scorched;  but  as  a  general  rule  the  less  tortoiseshell  is 
subjected  to  heat,  or  to  being  pulled  about,  the  better,  as  from 

its  apparent  "want  of  grain"  or  fibre,  it  becomes  in  consequence 
very  brittle. 

Many  of  the  works  in  tortoiseshell  are  made,  partly  by  cutting 

them  out  of  the  shell,  and  partly  by  joining  or  adhesion,  called  by 

the  French  souder.  Thus  in  the  Manuel  du  Tourneur,:1:  the 
artist  is  directed  to  form  the  ring  of  tortoiseshell  for  the  rebate 

of  a  box,  by  cutting  out  a  long  narrow  slip  of  the  shell ;  the 
ends  are  then  to  be  filed  with  a  clean  rough  file  to  thin  feather 

edges,  to  the  extent  of  three  quarters  of  an  inch  of  their  length, 
the  one  on  the  upper  and  the  other  on  the  lower  surface,  to 
constitute  the  lap  or  joint  ;  the  slip  is  dipped  into  boiling  water, 
and  when  softened  it  is  bent  into  an  oval  form  with  the  intended 

joint  on  the  flat  side,  the  ends  are  held  in  firm  and  accurate 

contact  with  the  finger  and  thumb,  and  the  piece  is  dipped  into 
cold  water  to  make  it  retain  the  form. 

Fig.  33. 

A  pair  of  tongs  is  required,  such  as  those  in  fig.  33,  with  flat 

ends  measuring  about  one  inch  wide  and  three  or  four  long,  and 
that  spring  open  when  left  to  themselves,  but  fit  perfectly  close 
and  even,  when  compressed ;  these  are  made  warm.  In  the 

*  Manuel  du  Tourneur,  1816.     Vol.  I.,  p.  454. 



menu  time  the  ends  of  the  ring  are  sprung  asunder  sideways,  to 

briii^  tlu«  scurfs  or  parts  to  be  joined  to  the  inner  :ind  outer 
re>pceti\ely,  that   they  maybe  retouched  with  the  file 

iiy  small  portion  of  grease  which  may  have  been 
Mentally  picked  up,  and   the  joint   is  restored  to  its  proper 

ion.     A  piece  of  clean  linen  is  then  soaked  in  clean  water, 

squeezed  dry  with  the  finders,  folded  in  ten  to  twenty  thicknesses, 
to  about  the  size  of  one  and  a  half  inch  wide,  and  three  or  four 

;  the  ends  are  now  folded  together,  placed  on  each  side  the 
joint,  the  whole  is  inserted  between  the  tongs,  and  fixed  mode- 

rately tiu'lit  iu  the  jaws  of  an  ordinary  vice.     The  softening,  and 
consequent  adhesion  of  the  shell,  will  be  known  by  the  flexibility 
of  the  ring  when  the  loose  part  is  wriggled  about  with  the  fingers ; 
the  work  is  either  allowed  to  cool  in  the  vice,  or  after  a  time  is 
dipped  into  cold  water. 

The  success  of  the  process  will  depend  on  three  different  cir- 
cumstances ;  the  parts  to  be  joined  must  be  entirely  free  from 

grease  and  dirt,  on  which  account  the  surfaces  should  not  be 

touched  after  being  filed ;  the  temperature  of  the  tongs  should 

be  just  sufficient  to  colour  writing-paper,  of  a  pale  orange  tint  ; 
and  moisture  or  vapour  must  be  present,  apparently  to  liquefy 

:elatine  of  the  tortoiseshell  at  the  surfaces  of  union. 

The  ring  when  cold,  is  pressed  with  the  fingers  into  the  circular 
form,  or  even  into  an  oval  iu  the  opposite  direction,  which  would 

-e.  the  ends  of  the  joints  to  start,  if  the  soldering  were  imper- 
fectly pei  formed ;    should  this  happen,  the  application  of  the 

moistened  rag  and  heated  tongs  must  be  repeated  until  the  result 

is  perfect  ;  the  ring  is  made  circular  by  warming  it  in  boiling 

water,  and  gently  forcing  it  on  a  wooden  cone  of  small  angle.* 
Another  mode,  the  invention  of  an  amateur,  is  also  described; 

the  strip  of  shell  is  chamfered  off  at  the  ends  and  bent  round  a 
piece  of  wood,  a  compress  of  linen  in  six  or  eight  folds  is  put 
Upon  the  joint,  and  the  whole  is  tightly  bound  round  with  string, 
and  immersed  in  boiling  water  for  ten  minutes.    The  contraction 
of  the  stiinir,  and  the  expansion  of  the  wood,  from  being  wetted, 

supply  the  needful  pressure,  and  the  process  is  said  to  be  quite 
•ftccessful.t 

Uling  and  soldering  tortoiseshell  are  also  performed  under 

•r  in  various  other  ways;  for  example  in  attaching  the  back 

.    ir.  1MO.     Vol.  I.,  p.  -  +  I 
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of  a  large  conib  to  that  piece  which  is  formed  into  the  teeth  ; 
the  two  parts  are  filed  to  correspond ;  they  are  surrounded  by 
pieces  of  linen  and  inserted  between  metal  moulds,  connected  at 
their  extremities  by  metal  screws  and  nuts ;  the  interval  between 
the  halves  of  the  mould  being  occasionally  curved  to  the  sweep 

required  in  the  comb.  Sometimes  also  the  outer  faces  of  the 
mould  are  curved  to  the  particular  form  of  those  combs  in  which 
the  back  is  curled  round,  so  as  to  form  an  angle  with  the 

teeth  j  the  joint  when  properly  done  cannot  be  detected  either 
by  the  want  of  transparency  or  polish  at  the  part. 

Considerable  ingenuity  is  shown  in  turning  to  economical 
account  the  flexibility  of  tortoiseshell  in  its  heated  state ;  for 
example,  the  teeth  of  the  larger  descriptions  of  combs  are  parted, 

or  cut  one  out  of  the  other  with  a  thin  frame-saw,  when  the  shell, 
equal  in  size  to  two  combs  with  their  teeth  interlaced  as  in  fig.  3 1, 
is  bent  like  an  arch  in  the  direction  of  the  length  of  the  teeth 
as  in  fig.  35.  The  shell  is  then  flattened,  the  points  are  separated 
with  a  narrow  chisel  or  pricker,  and  the  two  combs  are  finished 

whilst  flat,  Avith  coarse  single-cut  files,  and  triangular  scrapers; 
and  lastly  they  are  warmed,  and  bent  on  the  knee  over  a  wooden 
mould,  by  means  of  a  strap  passed  round  the  foot,  in  the  manner 
a  shoemaker  fixes  the  shoe  last.  Smaller  combs  of  horn  and 

tortoiseshell  are  parted  whilst  flat,  by  an  ingenious  machine  with 

two  chisel-formed  cutters  placed  obliquely,  so  that  every  cut 
produces  one  tooth,  the  repetition  of  which  completes  the  form- 

Figs. 
34. 

35. 

37. 

38. 

(O ation  of  the  comb.*  Ivory  and  boxwood  combs  cannot  be  thus 
parted ;  they  are  cat  in  the  old  way,  one  tooth  at  a  time,  by 
various  contrivances  of  double  saws,  as  will  be  explained. 

In  making  the  frames  for  eye-glasses   and   spectacles,  the 
apertures  for  the  glasses  were  formerly  cut  out  to  the  circular 

*  See  Mr.  Rogers'  Comb-cutting  Machine,  Trans.  Soc.  Arts,  Vol.  49,  part  2, 
pp.  150 — 8  :  since  remodelled  and  improved  by  Mr.  Kelly. 
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;,  uitli  a  tool  something  like  a  carpenter's  center-hit,  oruith 
a  crown  saw  in  tin-  lathe  ;  the  disks  wen:  in  cither  case  preserved, 

d  for  inlaying  in  the  tops  of  boxes,  and  the  outside  of 

frame  was  then  shaped  with  saws  and  files.  This  required 

a  piece  of  tortoiscshcll  of  the  cntin-  si/.o  of  the  front  of  the 
spectacles,  but  a  piece  of  u  third  that  width  is  made  to  answer 

tor  interior  spectacles,  as  tho  eyen  are  strained,  or  pulled.  A  long 
narrow  piece  of  the  material  is  cut  out,  and  two  slits  are  made 

in  it  with  a  thin  saw;  the  shell  is  then  warmed,  the  apertures 

are  pulled  open,  and  fashioned  upon  a  taper  triblct  of  the  appro- 

priate shape:  figs.  3('»,  87,  and  38,  explain  this  method:  the 
groove  for  the  edge  of  the  glass  is  cut  with  a  small  circular  cutter, 

up. edged  saw,  about  three-eighths  or  half  an  inch  diaim 
and  the  glass  is  sprung  in  when  the  frame  is  expanded  by  heat. 

Tortoiseshell  is  also  manufactured  into  boxes  and  a  variety  of 

moulded  works,  but  the  process  calls  for  extensive  preparations, 
and  is  not  often  followed  by  the  amateur. 

The  construction  of  tortoiseshell  boxes  requires  a  copper,  with 

a  fire-place  beneath  the  same;  a  trough  with  cold  water;  and 

the  all-important  parts,  a  press  and  moulds.  The  former  may 
be  compared  to  the  ordinary  coining  press,  or  to  a  strong  rect- 

angular frame,  usually  of  wrought  iron,  with  a  screw  in  the 

center  of  the  upper  cross-piece ;  the  base  of  the  press  is  fitted 
into  a  square  recess  in  the  center  of  a  bench,  fixed  so  firmly  to 

floor  or  wall,  as  to  resist  the  cfl'orts  of  two  or  three  men  at 
the  end  of  a  lever  five  or  six  feet  long,  whose  entire  force  is  some- 

times required  in  tightening  the  mould.  For  the  convenience 

of  transferring  the  heavy  press,  from  the  hole  in  the  bench  to 
hot  or  cold  water,  a  crane,  the  center  of  which  is  equally 

distant  from  the  three,  is  added  to  the  cstablishmeir 
mould  required   for  a  round   box   consists  of  a  thick 

ight-iron  ring  it  a,  lig.  •')'.',  turned  interiorly  to  the  diameter 
he  1>'>\,  it  stands  loosely  upon  a  plate  li\  it  is  accurately  fitted 

t\  ith  several  pieces  commonly  of  brass,  as  c  the  bottom  die,  d  the 

*  HIM  arrangement,  described  from  an  English  workshop,  (Mr.  VanhamX)  » 
•  Mine  respect*  more  convenient  than  the  apparatus  described  in  the  Manuel  <lu 
•svneur.    In  the  Encyclopedia  Metropolitan*,  part  Mechanics,  article  428,  plate 

leecribed  a  press  for  horn  and  tortoiseshell,  by  Holtzapffel  and  Co.,  in 

U  the  press,  crane,  and  boiler  are  combined  ;  the  cast-iron  pedestal  contains 
water  and  a  fire-place  beneath,  and  the  press  is  lowered  into  the  water  by  racks  and 
pinions ;   as  the  screw  of  the  press  has  a  multiplying  power,  the  force  of  one 

i'lual  fluffloea/md  the  machine  docs  not  require  to  be  fixed  to  the  floor  of  the 
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top  die  for  a  plain  box,  e  a  plaiii  block  for  flat  plates,  and  /  a 
die  engraved  with  any  particular  device  to  be  impressed  upon 
the  work. 

In  the  Manuel  du  Tourneur  the  methods  of  making  four  diffe- 

rent kinds  of  boxes  are  minutely  given.  Thus  in  the  "  Boites  a 
feuilles,"  the  best  kind,  in  which  the  cover  and  bottom  part  are 
each  made  out  of  a  single  leaf  of  shell,  the  circular  pieces  are 
to  be  cut  out  of  the  shell  as  much  larger  than  the  size  of  the  box, 

as  the  vertical  height  in  addition  to  the  diameter  ;  so  that  a  box 
of  three  inches  diameter  and  one  inch  deep,  would  require  pieces 

, of  four  and  five  inches  respectively  for  the  cover  and  bottom. 
The  round  plate  of  shell  is  first  placed  centrally  over  the  edge 

of  the  ring,  as  in  fig.  39 ;  it  is  slightly  squeezed  with  the  small 
round  edged  block  g,  and  the  entire  press  is  then  lowered  into 

the  boiling  water ;  in  one  quarter,  or  half  an  hour,  it  is  trans- 
ferred to  the  bench,  and  y,  is  pressed  entirely  down,  which  bends 

the  shell  into  the  shape  of  a  saucer,  as  at  fig.  40,  without  cutting 
or  injuring  the  tortoiseshell,  after  which  the  press  is  cooled  in  the 

water-trough.  The  same  processes  are  repeated  with  the  die  d, 
which  has  a  rebate  turned  away  to  the  thickness  of  the  shell, 
and  perfects  the  angle  of  the  box  to  the  section  fig.  41,  ready 

Fig.  30. 

L _j 

L... 

for  completion  in  the  lathe ;  it  is  however  safer  to  perform  each 

of  these  processes  at  twice,  with  two  boilings. 
When  the  shell  is  insufficiently  thick,  two  pieces  are  joined 

together,  and  should  they  from  the  nature  of  the  shell  be  of 

irregular  thickness,  the  thick  and  thin  parts  respectively  art- 
placed  in  contact ;  for  such  cases  the  dies  c  e,  of  a  larger  mould 
are  used.  The  piece  d,  is  adapted  to  boxes  of  various  depths,  or 

to  the  tops  or  bottoms  respectively,  by  slipping  loose  rings  upon 
it  to  contract  the  length  of  its  smaller  part. 
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the  l)n\  is  required  to  !..i\r  :i  <!<  .  .ved 

ihstitnted  in  place  of  r.     The  .same  tools  nrc  also  used  for 
horn  boxes.  and  for  the  embossed  wooden  boxes,  but  the  latter 

.•ess   is  liidv'lv  performed   iu  the  dry  way,  the  warmth  beiiif; 
supplied  by  heated  plates,  put  above  and  below  the  two  parts  of 

mould  which  are  then  compressed,  and  the  whole  is  allowed 
>1  in  the  aii1. 

The  Manwl  describes  the  construction  of  inferior  boxes, 

"  Tnhutitore*  de  morccaw,"  in  which  small  pieces  of  tortoiseshell 
with  bevelled  cd-_r  irefully  fitted  together  with  the  file  and 
arranged  along  the  bottom  and  up  the  sides  of  the  mould  ;  or 

i  •!>»•  they  are  first  pressed  into  a  flat  plate,  and  made  into  a  box 
irate  process,  but  the  joints,  from  the  manner  in  which 

they  are  made,  can  scarcely  ever  escape  observation. 

The  "  Boites  ill'  trSx-jH-tit.*  morceaux  "  are  made  of  still  smaller 
fragments,  which  are  often  cemented  on  a  thin  leaf  of  shell  to 

ensure  their  better  union  ;  and  lastly,  the  "  Boites  de  drogues  " 
arc  made  of  the  fine  dust  and  filings,  which  are  passed  through 
a  sieve,  and  treated  in  other  respects  much  in  the  same  manner 

as  the  foregoing,  but  these  boxes  are  quite  opaque  and  brittle  ;  a 
thin  hoop  of  good  tortoiseshell  is  sometimes  inserted  in  the  mould, 
to  form  the  rebate  of  the  box,  which  alone  is  then  transparent  ; 
at  other  times,  the  shavings  arc  mixed  with  mineral  colouring 

matters,  to  imitate  granite,  lapis-la/uli,  and  other  stones,  arts 

that  are  scarcely  at  all  practised  in  this  country.* 
After  the  lapse  often  days  or  a  fortnight,  it  sometimes  happens 

the  box  shows  a  tendency  to  recover  its  primary  form,  that  of  a 
flat  plate,  and  from  being  cylindrical  on  the  edge,  it  becomes  in 
a  slight  degree  conical  and  larger  without.  After  being  again 
returned  to  the  mould,  boiled  and  pressed,  its  figure  is  in  general 

permanent. 
This  disposition  is  turned  to  useful  account  in  restoring  the 

fitting  of  a  box  that  may  have  become  loose,  as  by  dipping  the 
lower  part,  or  the  rebate,  into  warm  water,  it  will  expand  and 
fill  out  the  lid,  but  it  requires  care  that  it  be  not  overdone. 

The  tortoiseshell  boxes  usually  made  in  England  are  those 

which  are  veneered  upon  a  body  or  fabric  of  wood,  for  which 

•  The  reader  will  find  detail*  of  the  method*  of  making  all  the*e  kinds  of  boxes 

in  the  Manuel  du  Tourneur,  1816,  vol.  U.  pp.  460  —  477.  And  in  (Jill's  Tecb. 
Repo«..  18-27.  p.  336,  the  apparatus  <>f  a  wholesale  manufacturer  of  the  bofltt  d« 

,  rinoe  eotabli'hed  in  th<>  nnuila,  is  minutely  expl  . 
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purpose  the  plates  are  scraped  and  filed  to  an  uniform  thickness, 
and  glued  on  much  the  same  as  veneers  of  wood ;  generally  fine 

glue  is  the  only  cement  used,  but  various  compositions  are 

resorted  to  by  different  manufacturers.  To  improve  the  appear- 
ance of  the  shell,  and  to  conceal  the  glue  and  wood  beneath,  the 

back  of  the  veneer  is  rubbed  with  a  mixture  of  lamp-black, 
vermilion,  green,  chrome,  or  white ;  in  fish  glue,  the  colours  arc 
applied  over  the  entire  surface,  or  partially,  to  modify  the  effect, 
and  thus  prepared  the  veneers  are  glued  upon  the  boxes. 

In  tortoiseshell  works  inlaid  with  mother-of-pearl  and  gold  or 

silver  plates  or  wire,  the  substances  to  be  inlaid  are  first  pre- 
pared, and  for  pearl-shell  a  paper  is  pasted  on  a  thin  piece  of 

pearl ;  the  pattern  is  drawn  thereupon,  and  the  small  pieces  are 

cut  out  with  a  fine  buhl  saw ;  gold  and  silver  plates  are  some- 
times also  thus  sawn  out. 

A  plain  mould  similar  to  fig.  39,  but  rectangular,  and  with 
plain  dies,  as  c  and  e,  is  used ;  a  few  shavings  of  tortoiseshell 
are  first  placed  on  the  piece  c,  to  make  a  bed  or  cushion,  then  a 
piece  of  paper  to  prevent  them  from  adhering  to  the  thin  leaf  of 
tortoiseshell,  which  is  next  inserted  in  the  mould.  The  small 

pieces  of  pearl-shell,  &c.  to  constitute  the  pattern,  are  then  care- 
fully arranged  in  their  intended  positions,  and  the  top  plate  e 

is  very  carefully  lowered  into  the  mould  above  the  pieces,  so 
that  it  may  not  misplace  any  of  them.  The  mould  is  then  slid 
into  the  press,  slightly  squeezed,  and  plunged  into  the  copper 
for  an  hour,  carried  to  the  bench  and  screwed  moderately  tight; 
the  work  is  now  examined  to  see  that  nothing  is  misplaced,  it 
is  returned  to  the  cauldron  for  a  time,  and  the  final  squeeze  is 
given  by  the  entire  force  of  three  men,  after  which,  whilst  still 

under  pressure,  the  whole  is  plunged  into  the  cold  water.  The 
tablet  is  then  fit  to  be  smoothed  and  glued  on  the  wooden  box. 

It  will  be  readily  conceived,  that  the  force  required  depends 
upon  the  dimensions  of  the  work  :  pieces  of  three  or  four  inches 

square  require  all  the  appliances  described;  whereas  the  little 
shields,  or  escutcheons,  as  they  are  called,  upon  razors  and  knives, 

may  be  pressed  in  with  much  slighter  apparatus,  such  in  fact  as 
were  previously  described  as  being  used  in  moulding  them.  In 
cutlery,  a  different  method  is  generally  resorted  to,  which  applies 

equally  well  to  ivory  and  pearl-shell,  substances  which  cannot 
be  submitted  to  the  softening  and  moulding  processes  employed 
for  horn  and  tortoiseshell. 
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M  orks  \\  liicli  arc  dotted  all  over  with  little  studs  of 

gold  or  silver,  arc  drilled  tn>m  thin  pattern  plates  of  brass  or  steel 

in  uhich  the  .series  of  holes  have  been  carefully  made;  the  drill 

or  "  patter"  has  an  enlargement  or  stop,  which,  by  encountering 
the  surface  of  the  pattern-plate,  prevents  the  point  of  the  drill 
from  penetratiiiir  hevond  the  assigned  depth  into  the  handle ; 

the  holes  in  tht'  ivory  or  pearl-shell  are  then  filled  with  silver  or 

gold  \ure,  \\hieh  is  either  filed  and  polished  oil'  level  with  the 
general  surface,  or  allowed  to  project  as  little  studs. 

For  shiehU  and  escutcheons  they  use  pattern  plates  or 
templets  of  hardened  steel,  pierced  with  the  exact  form  of  the 

.d.  The  cutting  tool  somewhat  resembles  an  ordinary  breast- 
drill  eight  or  ten  inches  long,  and  like  it,  is  used  with  the  breast- 

plate and  drill-bow;  but  the  extremity  of  the  tool  is  cleft,  or  made 
in  two  branches,  which  left  to  themselves  springopen  to  the  extent 
of  an  inch  or  more ;  each  half  of  the  tool  has  a  shoulder  or  stop, 

which  bears  upon  the  surface  of  the  steel  guard-plate,  as  in  the 
drill,  and  a  rectangular  cutting  part  that  protrudes  through  the 

shield-plate  as  far  as  the  required  depth  of  the  recess,  and  is 
sharpened  both  at  the  end  and  side,  or  at  the  ends  only. 

"When  the  elastic  tool,  or  "  spring  passer"  has  been  compressed, 
so  as  to  enter  the  guard-plate,  it  is  put  in  motion,  and  flounders 
about  in  all  directions,  so  far  as  it  can  expand,  and  routs  or  cuts 
out  the  shallow  recess ;  the  escutcheons  are  punched  out,  fixed 

by  two  rivets,  and  smoothed  off;  these  processes  are  very  expe- 

ditions, and  produce  accurate  copies  of  the  respective  pattern- 
plates  employed.  The  tortoiseshell  when  unnecessarily  thick  for 

a  single  scale  for  a  penknife,  is  sawn  to  serve  for  two  ;  and  the 
colours  are  brightened  up  by  placing  a  piece  of  Dutch  leaf 

beneath  the  same  ;  they  are  finally  polished  on  the  various  wheels 
i  by  the  cutler,  as  will  be  explained  in  the  pages  of  the  next 

volume,  devoted  to  polishing.     Tortoiseshell  has  been  manu- 
factured into  hollow  walking-sticks,  and  in  181 1    Her  Mai 

iras  graciously  pleased  to  present  to  the  British  Museum  a 

tortoiseshell  bonnet,  made  in  Navigator's  Island. 

81CT.    IV.   WHALEBONE. 

Tii's  material  is  scarcely  at  all  used  by  the  amateur,  and  the 
remarks  that  are  offered  arc  principally  extracted  from 

Mr.  Aikin's  paper. 
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"  Whalebone,  as  I  have  already  stated,  (says  Mr.  Aikiu,)  may 
be  considered  as  a  kind  of  horn ;  which  latter  substance  it  re- 

sembles perfectly,  both  in  its  chemical  and  principal  physical 

properties ;  and  is  particularly  interesting  as  forming  the  tran- 

sition from  horn  to  hair." 

"  It  is  the  substitute  for  teeth  in  the  Greenland  whale,  and  in 
the  black  southern  whale ;  but  is  not  found  in  any  of  the  ceta- 

ceous animals  that  have  teeth. 

"  From  the  roof  of  the  mouth  hang  down  on  each  side  the 
tongue  about  three  hundred  plates  of  whalebone,  all  the  blades 
on  one  side  being  parallel  to  each  other  and  at  right  angles  to 

the  jaw-bone."  "  The  average  length  of  the  middle  blades  is 
about  nine  feet,  but  they  have  occasionally  occurred  of  the  length 

of  fourteen  or  fifteen  feet." 

"  The  general  colour  of  whalebone  is  a  dusky  greyish  black, 
intermixed  with  thin  stripes  or  layers  of  a  pale  colour,  which  are 

often  almost  white — very  rarely  the  entire  flake  is  milk-white. " 
"  The  preparation  of  the  whalebone  for  use  is  very  simple.  It 

is  boiled  in  water  for  several  hours,  by  which  it  becomes  soft 

enough  to  be  cut  up  while  hot,  in  lengths  of  different  dimensions 

according  to  the  use  to  which  it  is  to  be  applied."  "  Whalebone 
that  has  been  boiled,  and  has  become  cold  again,  is  harder  and 

of  a  deeper  colour  than  at  first ;  but  the  jet-black  whalebone 
has  been  dyed,  and  by  the  usual  processes  it  takes  very  bright 

and  durable  colours."" 
Whalebone  is  now  principally  used  for  the  stretchers  for  um- 

brellas, and  as  a  substitute  for  bristles  in  common  brushes ;  it  is 

also  plaited  into  whips,  and  solid  pieces  of  mixed  shades  are 

twisted  for  walking-sticks ;  but  it  does  not  admit  of  being  sol- 
dered or  joined  together  like  tortoiseshell.  Whalebone  also 

furnishes  a  very  neat  and  durable  covering  for  pocket  telescopes. 
Narrow  pieces  of  the  material  are  grooved  or  made  into  ribs,  by 
drawing  them  like  wire  through  a  corresponding  aperture  in  a 

steel  plate,  after  which  they  are  wound  round  the  tube,  and 

"  tucked  under"  the  rings  at  the  extremities.  Broad  flat  strips 
of  the  parti-coloured  whalebone,  (the  light  portions  of  which 
absorb  the  green  dye,)  are  also  used  :  these  are  secured  by 
narrow  black  bands  which  overlap  the  two  edges,  and  other 
bauds  are  wound  around  the  ends  also. 

*  Trans,  of  the  Society  of  Art«,  Vol.  LII.,  pp.  347 — 9. 
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MVIKHIAI.^  FROM  THK  ANIMAL  KINGDOM,  CONCLUDED. 

i.  i. — DESCRIPTION   or  TIM:   \.\iuors  KINDS  OK   IVORY. 

IVORY,  the  tusk  or  weapon  of  defence  of  the  male  elephant, 
and  of  which  cadi  animal  has  two,  is  placed  by  the  chemists 
intermediately  between  bone  and  horn,  and  its  mechanical 
characters  corroborate  the  position.  It  is  generally  considered 

that  the  male  elephant  alone  possesses  tusks,  commercially  known 

as  elephants'  teeth,  but  this  appears  questionable,  as  by  many 
the  female  is  reported  to  have  tusks  likewise,  but  of  smaller  size, 
and  some  consider  the  latter  produce  the  small  solid  tusks  called 

"  ball  ivory,"  used  for  making  billiard  balls. 
Ivory  has  less  gelatine  than  bone  ;*  but  as  it  leaves  the  animal 

in  a  state  fit  for  use,  without  the  necessity  of  removing  any  of 
its  component  parts  for  its  purification,  its  elasticity  and  strength 
arc  not  impaired  by  such  abstraction.  Ivory  is  not  therefore  so 
brittle  as  bone,  neither  does  it  splinter  so  much  when  broken, 
but  its  greater  ultimate  share  of  animal  matter  leaves  it  more 
sensible  to  change  of  form  and  size. 

The  shape  of  the  tusk  is  highly  favourable  to  its  use ;  as  it  is 

in  general  solid  for  above  half  its  length,  and  of  circular  or  ellip- 
tieal  .section  ;  it  is  entirely  free  from  the  vessels  or  pores  often 
met  with  in  bone,  and  although  distinctly  fibrous,  it  cannot  be 

torn  up  in  filaments  like  horn,  nor  divided  into  thin  flexible 
leaves  as  for  miniatures,  otherwise  than  by  the  saw. 

Its  substance  appears  very  dense,  and  without  visible  pores,  as 
if  beautifully  cemented  by  oil  or  wax  ;  and  notwithstanding  that 
it  possesses  so  large  a  share  of  lime,  it  admits  of  being  worked 

with  exquisite  smoothness,  and  is  altogether  devoid  of  the  harsh 
meagre  character  of  bone.  It  is  in  all  respects  the  most  suitable 
material  for  ornamental  turning,  as  it  is  capable  of  receiving 
the  most  delicate  lines  and  cutting,  and  the  most  slender 

proportions. 

•  Stt  foot  note,  page  118. 



138  IVOIIY    OF   THE    ELEPHANT,    HIPPOPOTAMUS, 

The  general  supply  of  ivory  is  obtained  from  the  two  present 
varieties  of  the  animal,  the  Asiatic  and  the  African :  they  are 

considered  by  physiologists  to  be  distinct  species,  and  to  be 
unlike  the  extinct  animal  from  which  the  Russians  are  said  to 

obtain  their  supply  of  this  substance  ;  which,  although  described 
&s  fossil  ivory,  does  not  appear  to  have  undergone  the  conversion 
commonly  implied  by  the  first  part  of  the  name,  but  to  be  as 
suitable  to  ordinary  use  as  the  ivory  recently  procured  from  the 

living  species.  An  extract  from  the  interesting  account  of  "  The 
Elephant  of  the  Lena,"  is  subjoined  as  a  note.- 

The  hippopotamus,  or  river-horse,  supplies  the  ivory  used  by 
the  dentist,  which  is  imported  from  the  East  Indies  and  Africa ; 

the  animal,  in  addition  to  twenty  grinders,  has  twelve  front 
teeth,  the  whole  of  which  agree  in  substance  with  ivory,  but  not 
in  their  size  or  arrangement.  The  six  in  the  upper  jaw  are 

small  and  placed  perpendicularly ;  in  the  lower  jaw  of  the  hippo- 
potamus, the  two  in  the  center  are  long,  horizontal,  and  straight ; 

the  two  next  are  similar  but  shorter;  but  the  two  external 

semi-circular  teeth  are  those  so  highly  prized  by  the  dentists  on 
account  of  their  superior  size,  and  are  those  usually  referred 

to  when  the  "  sea-horse"  or  hippopotamus  tooth  is  spoken  of, 
although  the  animal  is  in  reality  a  quadruped  inhabiting  rivers 
and  marshy  places. 

The  circular  hippopotamus  teeth  are  covered  exteriorly  with  a 

*  "  The  Mammoth,  or  Elephant's  bones  and  tusks,  are  found  throughout  Russia, 
and  more  particularly  in  Eastern  Siberia  and  the  Arctic  marshes.     The  tusks 

found  in  great  quantities,  and  are  collected  for  the  sake  of  profit,  being  sold 

the  turners  in  the  place  of  the  living  ivory  of  Africa,  and  the  warmer  parts 

Asia,  to  which  it  is  not  at  all  inferior." 

"Almost  the  \vhole  of  the  ivory  -turner's  work,  made  in  Russia,  is  from  the 
Siberian  fossil  ivory  ;  and  sometimes  the  tusks,  having  hitherto  always  been  found 

iu  abundance,  are  exported  from  thence,  being  less  in  price  than  the  recent. 

Although  for  a  long  series  of  years,  very  many  thousands  have  been  annually 

obtained,  yet  they  are  still  collected  every  year  in  great  numbei-s  on  the  banks  of 
the  larger  rivers  of  the  Russian  empire,  and  more  particularly  those  of  farther 

Siberia." — The  Naturalist's  Library,  1836.  Mammalia,  Vol.  v.  p.  133. 
The  Mammoth  teeth  are  bu  rarely  exposed  for  sale  in  this  country  ;  I  only  learn 

of  two ;  the  one  weighed  186  lb.,  was  10  feet  long,  of  fine  quality,  and,  except  the 

point  which  was  cracked,  was  cut  into  keys  for  pianofortes  :  the  other  al.'< 

large,  but  very  much  cracked  and  useless  ;  of  the  latter  I  have  a  specimen  :  the 

substance  of  the  ivory  between  the  cracks  appears  quite  of  the  ordinary  character, 

although  the  interstices  are  filled  with  a  dry  powder  resembling  chalk.  Both  teeth 
were  solid  unto  within  nix  inches  of  the  root. 
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thick  coat  of  enamel,  \\liicli  entirely  resists  steel  tools,  and  will 

even  strike  fire  with  that  metal :  it  i->  usually  removed  upon  the 

,i<Utonc*  in  order  to  arrive  at  the  beautiful  ivory  within, 
w  Inch,  owin£  to  the  peculiarity  of  its  section,  is  better  adapted  to 

the  construction  of  artiHcinl  teeth  than  the  purposes  of  turning ; 
the  other  teeth  arc  tolerably  round,  and  fit  for  the  lathe. 

The  ivory  of  the  hippopotamus  is  much  harder  than  that  of 

the  elephant,  and  upwards  of  double  the  value  ;  in  colour  it  is 
of  a  purer  white,  with  a  slight  bine  east,  and  is  almost  free  from 
grain.     The  parts  rejected  by  the  dentists  are  used  for  small 

<1  and  turned  works. 

In  texture  it  seems  almost  intermediate  between  the  proper 

i\i>ry  and  the  pearl-shell;  as  when  it  is  turned  very  thin,  it  has 
a  slightly  curdled,  mottled  or  damasked  appearance,  which  is 

beautiful;  the  general  substance  is  quite  transparent,  but 
apparently  interspersed  with  groups  of  opaque  fibres,  like  some 
of  the  minerals  of  the  chatoyant  kind. 

The  teeth  of  the  walrus,  sometimes  called  the  sea-cow,  which 

hang  perpendicularly  from  the  upper  jaw,  are  also  used  by  the 
dentists ;  the  outer  part,  or  the  true  ivory,  nearly  resembles  the 
above,  but  the  ovnl  center  has  more  the  character  of  coarse  bone ; 

it  is  brown,  and  appears  quite  distinct.  The  long  straight  tusks 

of  the  sea-unicorn  or  narwal,  which  are  spirally  twisted,  also  yield 
ivory ;  but  they  are  generally  preserved  as  curiosities.  These  two 

kinds  are  principally  obtained  from  the  Hudson's  Bay  Company. 
The  masticating  teeth  of  some  of  the  large  animals  are  occa- 

sionally used  as  ivory ;  those  of  the  spermaceti  whale  are  of  a 
flattened  oval  section,  and  resemble  ivory  in  substance;  but  they 

are  dark -coloured  towards  the  center,  and  surrounded  by  an  oval 
band  of  white  ivory,  like  that  of  the  aquatic  varieties  generally; 
they  nrc  not  much  used. 

The  grinders  of  the  elephant  are  occasionally  worked  ;  but 
their  triple  structure  of  plates  of  the  hard  enamel,  of  softer 

ivory,  and  of  still  softer  cement,  which  do  not  unite  in  a  perfect 

•  Tho  enamel  of  the  hippopotami!*  is  much  thicker,  but  similar  to  that  of  the 
generality  of  masticating  teeth,  which  if  found  upon  analysis  to  agree  very  nearly 
with  the  hard  porotlanous  shell*.  The  enamel  is  sometimes  scaled  off  by  driving 

a  thin  chisel  between  it  and  the  ivory ;  and  I  learn,  the  name  of  the  blow-pipe  It 
likewise  frequently  used  for  the  purpose  of  separating  it  Several  of  the  other 
teeth  have  enamel,  but  the  semicircular  tooth  by  far  the  most  abundantly. 
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manner,  render  them  uneven  in  texture.  Owing  to  the  hardness 

of  the  plates  of  enamel,  the  grinders  are  generally  worked  by 
the  tools  of  the  lapidary ;  they  are  but  little  used,  and  when 
divided  into  thin  plates  are  disposed  to  separate,  from  change  of 

atmosphere,  the  union  of  their  respective  parts  being  somewhat 

imperfect.  They  are  made  into  small  ornaments,  knife-handles 

and  boxes,  which  are  occasionally  imported.* 
The  tusk  of  the  elephant  is,  however,  of  far  more  importance 

than  all  these  other  kinds  of  ivory,  and  appears  to  have  been  ex- 
tensively used  by  the  Greeks  and  Romans.  Amongst  the  former, 

Phidias  was  famous  for  his  statues,  thrones,  and  other  works  of 

embellishment,  made  in  ivory  combined  with  gold,  an  art  described 
as  the  Toreutic.  In  reference  to  the  construction  of  ivory  statues, 
Monsieur  Quatremiere  de  Quincy,  in  his  great  work  on  ancient 

sculpture  t,  advances  some  curious  speculations  of  their  having 
been  formed  upon  centers  or  cores  of  wood,  covered  with  plates 

of  ivory ;  and  also  that  the  ancients  were  enabled  to  procure 

larger  elephants'  teeth,  or  possessed  the  means  of  softening  and 
flattening  out  those  of  ordinary  size,  from  which  to  obtain  the 

pieces  presumed  to  have  been  thus  employed. 
These  questionable  suppositions,  particularly  the  last,  scarcely 

seem  called  for,  as  solid  blocks  of  ivory  of  the  sizes  commonly 
met  with,  would  appear  to  be  sufficient  for  the  construction  of 

colossal  figures,  in  the  mode  ingeniously  demonstrated  by  M.  de 
Quincy  in  his  plates  26  to  31.  It  is  much  to  be  regretted  that 
none  of  these  statues  have  descended  to  our  times. 

One  of  the  constituent  parts  of  ivory  being  animal  matter,  we 
should  naturally  expect  it  to  be  less  durable  than  the  inorganic 
materials,  in  which  numerous  fine  specimens  of  ancient  art  still 

exist  in  great  comparative  perfection  J.  Ivory  appears  not  to 
suffer  very  rapid  decay,  in  the  lengthened  deposition  in  the  frozen 

*  These  grinders  contain  in  themselves  the  principal  characters  of  the  entire 
group  of  teeth  and  tusks,  and  when  used  by  the  animal  their  unequal  degree  of 
hardness  continually  preserves  the  ridges  of  the  enamel,  that  refuse  to  wear  away 
so  readily  as  the  softer  parts,  and  thus  converts  the  surfaces  of  the  teeth  into 

furrows  like  mill-stones  for  bruising  graminivorous  food. 

t  Le  Jupiter  Olynipien,  ou  1'Art  de  la  Sculpture  Antique.     Paris,  1815. 
£  At  the  present  day,  Mr.  Benjamin  Cheverton  copies  various  works  sculptured 

in  marble,  and  other  materials,  upon  a  i-educed  scale  in  ivory,  alabaster,  and  even 
marble,  by  means  of  mechanism  perfected  by  himself.  His  miniature  busts  possess 

'  a  degree  of  faithfulness  and  perfection  that  leaves  nothing  to  be  desired. 
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h  of  Siberia,  m.r  when  immersed  in  water;  but  various  sj 

i.iens  iu  tin-  Briti.sh  Museum,  apparently  less  favourably  situated, 
ami  in  omtart  \\ith  tin-  air,  exhibit  the  effect  of  time,  the  ivory 
being  decomposed   and   divided    into  flakes    and   pieces  which 

i  \lnbit  its  lamellated  structure  in  a  very  satisfactory  manner.* 
In  reference  to  the  supply  of  the  recent  ivory,  from  Asia  and 

Africa.  Mr.  M'Culloch  says, — 

••  The  duty  of  one  pound  per  hundred  weight  t  on  elephants' 

ii,  produced,  in  IS.'il),  3721/.,  showing  that  the  quantity  con- 
sumed amounted  to  as  many  hundred  weights,  or  to  416,752  Ib. 

Tlu  a \erage  weight  of  an  elephant's  tusk  may  be  taken  at  about 
60  Ib. ;  so  that  6910  tusks  must  have  been  required  to  furnish 

tliis  supply  of  ivory, — a  fact  which  supposes  the  destruction  of 
8473  male  elephants  !  But  the  destruction  is  really  much  greater; 
and  would  probably  amount  to,  at  least,  between  5,000  and 
6,000  elephants.  If,  to  the  quantity  of  ivory  required  for  Great 
Britain,  we  add  that  required  for  other  countries  of  Europe, 
America,  and  Asia,  the  slaughter  of  this  noble  animal  will  appear 
immense ;  and  it  may  well  excite  surprise,  that  the  breed  has 

not  been  more  diminished."  I 

It  is  probable  Mr.  M'Culloch's  estimate  of  CO  Ib.,  as  the 
average  weight  of  teeth,  is  far  too  high,  and  from  the  observation 
of  merchants  well  qualified  to  judge,  it  appears  that  15  or  16  Ib. 
would  be  nearer  the  average ;  if  so,  even  the  above  numbers 

would  be  quadrupled.  § 

*  North  Gallery.  Room  II..  Wall  case  2. 

t  T1i<-  iluty  on  Ivory  was  reduced  one  shilling  per  cwt,  aiid  then  removed  in  1845. 

;   MI  'nil. .oh'--  Dictionary  of  Commerce,  1832,  p.  691. 
§  Africa  in  considered  to  produce  ivory  iu  much  greater  abundance  than  Asia, 

and  generally  of  far  better  quality.     The  finest  transparent  ivory  is  principally 
ted  along  the  Western  coast  of  Africa,  within  ten  degrees  North  and  South  of 

the  equator.     On  this  coast  the  ivory  is  considered  to  become  more  and  more 
inferior  in  quality,  nnd  more  broken,  (apparently  from  hostile  encounters,)  with 

nwe  of  northern  latitude  :  that  from  Mogador  being  perhaps  the  worst. 

The  hot  white  ivory  U.  for  the  most  part,  the  produce  of  the  eastern  coast  of 
i  generally,  and  until  recently  was  imported  almost  exclusively  from  Bombay ; 

of  late  years  it  has  been  partially  collected  along  the  coast,  and  on  the  Island 

Madagascar;    v.-iy  inferior  ivory  is  however  sometimes  received  from  these 
localities,  and   only  a  small  quantity  is  now  obtained  from  the  Cape  of  Good 

II.  !•••. 
The  Asiatic  teeth  whipped  from  Calcutta,  Madras,  and  part  of  those  from  Bombay, 

•  :,c  produce  of  India  generally ;  they  are  called  Asiatic,  East  Indian. 
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Elephants'  teeth  differ  considerably  in  their  size,  Aveight,  and 
appearance.  The  outsides  of  the  African  teeth  run  through  all 
the  transparent  tints  of  light  and  deep  orange,  hazel,  and  brown, 
and  some  are  almost  black.  Those  from  Asia  are  similar, 

although  generally  lighter,  and  frequently  of  a  kind  of  opaque 
fawn,  or  stone-colour ;  they  have  seldom  the  transparent  character 

of  the  African  teeth  ;  and  they  commonly  abound  in  cracks  of  in- 

considerable depth  from  which  the  others  are  comparatiA'ely  free. 
Some  teeth  are  as  long  as  from  eight  to  ten  feet,  and  as  heavy 

as  150,  rarely  1801b.  each  tooth;  sometimes  they  are  only  as 
many  inches  long,  and  about  one  inch  in  diameter,  and  of  the 

weight  of  five  or  six  ounces,  and  even  lighter ;  :  the  teeth  less 
than  from  10  to  14  Ib.  are  called  "scrivelloes."  In  section,  the 
tusks  are  rarely  quite  circular,  sometimes  nearly  elliptical,  seldom 
exceeding  the  proportions  of  four  to  five,  but  commonly  less 

exact  than  either  of  these  forms ;  figs.  43,  44,  and  45,  are  accu- 
rately reduced  from  sections  of  teeth ;  the  largest  tusk  the  author 

has  met  with  measured  eight  and  a  quarter  inches  the  longest, 
and  seven  inches  the  shortest  diameter  of  the  irregular  oval. 

The  curvature  of  the  teeth  is  sometimes  as  much  as  the  half- 

circle,  as  in  fig.  46,  and  occasionally  even  so  little  or  less  than 

Singapore,  and  Ceylon  teeth,  &c.     The  last  two  are  described  as  ivory  of  a  fine 

grain  with  a  "  pearly  blush  "  appearance,  and  seldom  large. 
It  appears  that  many  of  the  better  teeth,  and  the  superior  parts  of  others,  are 

selected  by  the  natives  of  India  for  their  own  consumption,  and  for  exportation  to 
China,  as  numerous  hollow  pieces,  and  other  portions  of  teeth,  (the  ends  of  which 
are  generally  covered  with  wax  to  protect  them  from  the  air,)  are  imported  along 
with  the  entire  teeth ;  and  this  selection  seems  confirmed,  as  the  ivory  obtained 
from  Madagascar  direct  contains  generally  a  larger  proportion  of  superior  teeth. 

The  whole  of  the  ivory  shipped  from  Bombay  is  scored  or  scriered  with  charai-uTs, 
apparently  Arabic,  and  is  named  Bombay  ivory,  from  the  commercial  habit  of 

describing  imports  from  the  ship's  papers,  which  quote  the  port  whence  the  vessel 
cleared.  Many  persons  however  considered  this  ivory  to  be  exclusively  African, 
although  it  seems  rather  improbable  that  the  whole  of  the  ivory  from  its  own 

immediate  vicinity  should  be  excluded  from  this  mart.  The  commercial  regulations 
regarding  the  East  Indian  and  East  African  ivory  are  alike ;  those  for  the  sale  of 

the  West  African  ivory  are  different.  The  foregoing  remarks,  (say  the  Messrs. 
Fauntleroy,  from  whom  principally  they  were  obtained,)  should  however  be 
received  with  some  latitude,  as  frequent  exceptions  in  the  teeth  themselves,  and 
differences  of  opinion  amongst  those  habitually  engaged  in  the  commerce  exist  ; 
although,  considered  generally,  persons  in  the  constant  habit  of  inspecting  ivory 
can  distinguish  pretty  correctly  uot  only  the  continent,  but  also  the  territory  from 
which  any  tooth  was  obtained. 

•  *  The  author  has  an  elephant's  tusk  which  is  very  hollow  and  weighs  2^  ounces. 
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tlu-  iii  lit:.    1';  tlu-y  ;u.  M.iurtuucs  finely  tapered  off, 
especially  iii  tin  African  teeth ;  at  other  times  their  end*  arc  very 

much  worn  auay,  in  rare  instances,  to  tin-  extent  of  a  third  of 
apparent  :;:ul  Fig*  42. 
rally  more  so  on  the 

,,!cr  than 

the  other. 
Other  teeth  end  \ 

abruptly,  as  if  they  had 
beeu  broken  and  repointed 
before  they  left  the  head 
of  the  animal,  in  which 

they  are  generally  inserted 
for  about  one-fourth  their 

length. 
The  teeth  are  hollow 

about  half-way  up,  and  a 
speck,  sometimes  called  the  nerve,  but  in  reality  the  apex  of 
the  successive  hollows,  is  always  visible  throughout  the  length  of 

the  tusk  to  its  extreme  end,  the  tooth  being  formed  by  layers 

deposited  on  a  vascular  pulp  after  the  manner  of  teeth  generally. 
The  inner  and  outer  surfaces  of  the  teeth  are  in  general  tole- 

rably parallel,  and  exteriorly  they  are  curved  in  the  one  direction 
only,  so  as  to  lie  nearly  flat  on  the  ground ;  but  occasionally 

Figs.  47. 

-. 

they  are  much  curved  in  both  directions,  as  represented  in  figs. 
,iid  13;  the  smaller  is  beautifully  formed,  and  resembles  in 
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shape  a  handsome  bullock's  horn ;  the  other  is  furrowed  through- 
out its  length,  and  appears  the  result  of  disease  or  injury.* 

The  choice  of  ivory  in  the  teeth  is  admitted  by  the  most 
experienced  to  be  a  very  uncertain  matter;  of  course  for  the 

purposes  of  turning,  a  solid  cone  would  be  the  most  economical 

figure,  but  as  that  form  is  not  to  be  met  with,  we  must  be  satis- 
fied with  the  nearest  approach  that  we  can  find  to  it,  and  select 

the  tooth  as  nearly  straight,  solid,  and  round  as  possible,  pro- 
vided the  other  prognostics  are  equally  favourable. 

The  rind  should  appear  smooth  and  free  from  cracks,  and  if 
the  heart  should  be  visible  at  the  tip,  the  more  central  it  is  the 

better ;  by  the  close  inspection  of  the  tip,  from  which  the  bark  is 
always  more  or  less  worn  away,  it  may  be  in  general  learned 
whether  the  tooth  is  coarse  or  fine  in  the  grain,  transparent  or 

opaque,  but  the  colour  of  the  exterior  coat  prevents  a  satisfactory 
judgment  as  to  the  tint  or  complexion  of  the  ivory  within. 

After  the  most  careful  scrutiny  on  the  outside  of  the  tooth, 
however,  the  first  cut  is  always  one  of  a  little  anxious  expectation, 
as  the  prognostics  are  far  from  certain,  and  before  proceeding 
to  describe  the  preparation  of  ivory,  I  will  say  a  few  words  of  its 

internal  appearance  when  exposed  by  the  saw. 
The  African  ivory,  when  in  the  most  perfect  condition,  should 

appear  when  recently  cut,  of  a  mellow,  warm,  transparent  tint, 
almost  as  if  soaked  in  oil,  and  with  very  little  appearance  of 
grain  or  fibre ;  it  is  then  called  transparent  or  green  ivory,  from 
association  with  green  timber ;  the  oil  dries  up  considerably  by 
exposure,  and  leaves  the  material  of  a  delicate,  and  generally 

permanent  tint,  a  few  shades  darker  than  writing-paper. 
The  Asiatic  ivory  is  of  a  more  opaque  dead-white  character, 

apparently  from  containing  less  oil,  and  on  being  opened  it  more 
resembles  the  ultimate  character  of  the  African,  but  it  is  the 

more  disposed  of  the  two  to  become  discoloured  or  yellow.  The 
African  ivory  is  generally  closer  in  texture,  harder  under  the 
tools,  and  polishes  better  than  the  Asiatic,  and  its  compactness 

*  These  are  drawn  from  two  teeth  in  my  possession  :  the  first  measures  round 
the  curve  41  inches,  and  in  a  straight  line  29  inches;  its  weight  is  8J  pounds;  the 
other  measures  respectively  39J  and  30  inches,  and  weighs  271  pounds :  these  may 
be  considered  as  extreme  cases.  Others  arc  altogether  as  straight :  I  have  one 

that  is  49  inches  long,  and  only  rises  4}-  inches  from  the  straight  Hue,  and  others 
approach  the  right  line  still  more  nearly. 
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it  from  so  readily  absorbing  oil,  or  the  colouring 

mutter  of  stains  \\hen  intentionally  applied.' 
The  rind  is  sometimes  no  more  than  about  one-tenth  of  an 

inch  in  thickness,  and  nearly  of  the  colour  of  the  inner  ivory,  but 

-;''ii:il!y  it  is  of  double  that  thickness,  dark-coloured,  and 
-ally  >tains  the  outer  layers.  As  we  do  not  find  all  spe- 

cimens of  tin  most  perfect  kind,  we  must  be  prepared  to  expect 
others,  especially  amongst  the  larger  teeth,  in  which  the  grain  is 
more  apparent,  but  it  generally  dies  away  towards  the  center  of 
the  tooth,  the  outside  being  the  coarser ;  the  regularity  of  the 

grain  sometimes  gives  it  the  appearance  of  the  engine-turning 
on  a  watch-case. 

In  some  teeth  the  central  part  will  appear  of  the  transparent 
character,  the  outer  more  nearly  white;  and  the  transparent 
teeth  often  exhibit,  at  the  solid  parts,  white  opaque  patches, 

uhich  are  frequently  of  a  long  oval  form.  Amongst  the  white 
ivory,  the  teeth  are  often  found  to  be  marked  in  rings  alternately 

liirht  and  dark  coloured,  these  are  called  "  ringy  or  cloudy" 
In  those  teeth  in  which  there  appears  to  be  a  deficiency  of  the 

animal  oil,  the  intervals  between  the  fibres  occasionally  assume 

the  chalky  character  of  bone,  and  are  disposed  to  crumble  under 
the  tools  unless  they  are  very  sharp;  in  this  they  resemble  the 
softer  parts  of  woods  when  worked  with  blunt  tools ;  sometimes 
the  ivory  is  not  only  coarse  but  dark  or  brown,  and  the  two 

cts  not  unfrequently  go  together. 
The  cracks  occasionally  penetrate  further  than  they  appear 

to  do  when  viewed  from  the  outside,  and  more  rarely  a  very  con- 
siderable portion  of  the  tooth  is  injured  by  a  musket-ball,  although 

the  j;ol(l  and  silver  bullets,  said  to  be  used  by  the  Eastern  poten- 
tates, are  exceedingly  scarce,  or  else  transmuted  into  iron,  of 

which  metal  they  are  commonly  found,  and  less  frequently  of 

h -ail. f  The  ball  generally  lacerates  the  part  very  much,  and  a 
>  deposit  of  bony  matter  is  made  that  fills  up  all  the  inter- 

stices, encrusts  the  hollow,  and  leaves  a  dotted  mottled  mass 

•  I  have  retained  the  commonly  received  terms,  African  and  Ariatic  ivory, 
although  the  greater  part  of  both  kinds  appears  to  come  from  Africa.  Perhaps  a 

more  practical  distinction  would  be  for  "  African  "  ivory,  transparent  ivory  ;  and 

V  -iatic  "  ivory,  opaque  ivory.    See  foot  note,  p.  141. 
t  I  have  only  heard  of  two  golden  bullets  thus  found,  the  one  Mr.  Fauntleroy 

sap  was  cut  through  by  a  comb-maker  in  dividing  a  tooth,  and  was  in  the  possession 

-  uncle  :  the  other  was  found  by  Mr.  Brain,  ite  value  was  seventeen  shillings. 
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extending  many  inches  each  way  from  the  ball,  and  which  com- 

pletely spoils  that  part  for  any  ornamental  purpose.* 

SECT.    II. — PREPARATION    OF    IVORY.    ETC. 
ble 

ON  account  of  the  great  value  of  ivory,  it  requires  considera 

judgment  to  be  employed  in  its  preparation,  from  three  condi- 
tions observable  in  the  form  of  the  tusk ;  first,  its  being  curved 

in  the  direction  of  its  length ;  secondly,  hollow  for  about  half 

that  extent,  and  gradually  taper  from  the  solid  state  to  a  thin 
feather  edge  at  the  root ;  and  thirdly,  elliptical  or  irregular  in 
section.  These. three  peculiarities  give  rise  to  as  many  separate 
considerations  in  cutting  up  the  tooth  with  the  requisite  economy, 

as  the  only  waste  should  be  that  arising  from  the  passage  of  the 
thin  blade  of  the  saw  :  even  the  outside  strips  of  the  rind,  called 

spills,  are  employed  for  the  handles  of  penknives,  and  many 
other  little  objects ;  the  scraps  are  burned  in  retorts  for  the 

manufacture  of  ivory  black,  employed  for  making  ink  for  copper- 
plate printers,  and  other  uses;  and  the  clean  sawdust  and 

shavings  are  sometimes  used  for  making  jelly. 
The  methods  of  dividing  the  tooth  either  into  rectangular 

pieces,  or  those  of  circular  figure  required  for  turning,  are  alike 
in  their  early  stages  until  the  lathe  is  resorted  to :  I  propose, 
therefore,  to  begin  with  the  former.  The  ivory  saw,  fig.  49,  is 

stretched  in  a  steel  frame  to  keep  it  very  tense ;  the  blade  gene- 
rally measures  from  fifteen  to  thirty  inches  long,  from  one  and  a 

half  to  three  inches  wide,  and  about  the  fortieth  of  an  inch  thick ; 

the  teeth  are  rather  coarse,  namely,  about  five  or  six  to  the  inch, 
and  they  are  sloped  a  little  forward,  that  is  between  the  angle 
of  the  common  hand-saw  tooth  and  the  cross-cut  saw.  The 

instrument  should  be  very  sharp  and  but  slightly  set ;  it  requires 
to  be  guided  very  correctly  in  entering,  and  with  no  more 

*  The  substance  of  the  ivory  is  not  in  all  cases  thus  injured  by  the  balls,  and 
Mr.  Combe  (Philos.  Trans.  1801,  p.  165,)  explains  in  a  very  satisfactory  manner, 
how  a  bullet  may  enter  the  tusk  of  an  elephant  and  become  embedded  in  the  ivory 
without  any  opening  for  its  admission  being  perceptible.  This  he  elucidates  on  the 
supposition  of  the  ball  entering  at  the  root,  descending  into  the  hollow,  and  being 
covered  up  by  the  growth  of  the  layers,  which  are  successively  deposited  upon  the 

central  vascular  pulp,  in  the  formation  of  the  tooth  according  to  the  process  com- 
monly observed  in  similar  cases.  He  cites  an  instance  of  a  spear-head  » 

inches  long,  having  been  thus  embedded  in  the  tusk  of  an  elephant,  from  entering 
at  the  thin  part  near  the  skull  of  the  animal. 
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pressure  than  the  weight  of  its  own  frame,  and  it  is  commonly 
lubricated  with  a  little  lard,  tallow,  or  other  solid  fat. 

Fig- 
49. 

The  cutler  generally  begins  at  the  hollow,  and  having  fixed 
that  extremity  parallel  with  the  vice,  with  the  curvature  upwards, 

he  saws  off  that  piece  which  is  too  thin  for  his  purpose,  and  then 
two  or  three  parallel  pieces  to  the  lengths  of  some  particular 
works,  for  which  the  thickness  of  the  tooth  at  that  part  is  the 

most  suitable;  he  will  then  saw  off  one  very  wedge-form  piece, 
1  afterwards  two  or  three  more  parallel  blocks. 

In  setting  out  the  length  of  every  section,  he  is  guided  by  the 
gradually  increasing  thickness  of  the  tooth ;  having  before  him 
the  patterns  or  gages  of  his  various  works,  he  will  in  all  cases 
employ  the  hollow  for  the  thickest  work  it  will  make.  As  the 

tooth  approaches  the  solid  form,  the  consideration  upon  this 
score  gradually  ceases,  and  then  the  blocks  are  cut  off  to  any 

required  measure,  with  only  a  general  reference  to  the  distribu- 
tion of  the  heel,  or  the  excess  arising  from  the  curved  nature  of 

the  tooth,  the  cuts  being  in  general  directed,  as  nearly  as  may 

be,  to  the  imaginary  center  of  curvature.*  The  greater  waste 
occurs  in  cutting  up  very  long  pieces,  owing  to  the  difference 
between  the  straight  line  and  the  curve  of  the  tooth,  on  which 

account  the  blocks  are  rarely  cut  more  than  five  or  six  inches 
long,  unless  for  some  specific  object. 

In  subdividing  those  blocks  which  are  entirely  solid,  no  great 

difficulty  is  experienced  :  in  those  which  are  nearly  solid,  as  in 
fig.  50,  the  first  step  is  to  cut  a  central  slice  just  thick  enough 

to  avoid  til--  hollow,  unit -^  the  pieces  a,  b,  are  required  to  have 

•  A  very  convenient  method  of  marking  out  the  tooth  into  equal  lengths,  is  by 
the  employment  of  a  parallel  strip  of  thin  sheet  copper,  as  wide  as  the  lenyth  of  the 
piece*  ;  it  is  bent  on  the  inner  aide  of  the  tooth  half  round  the  same,  and  a  line  Ls 
•cored  on  each  side ;  when  several  pain  of  marks  are  thus  made,  they  show  angular 

•paces  betwixt  them,  and  the  saw  u  sent  exactly  midway  through  the  angles.  The 
,  -  tlif-n  truly  represent  so  many  key-stone*  of  an  arch. 

i.  2 
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Fig.  50. 

some  particular  size ;  c,  d,  would  serve  for  leaves  for  miniatures 
or  veneering,  and  the  remainder  would  be  cut  up  of  any  required 

sizes,  as  sketched  beyond  c,  d.  For  square  pieces  of  similar  size, 
the  block  is  cut  into  parallel  slabs ;  for  bevelled  pieces,  as  the 

taper  handles  of  knives  and  razors,  the  slabs  are  cut  out  wedge- 
form,  the  thick  end  of  one  against  the  thin  end  of  the  next,  as  at 
e,f:  these  slabs  are  afterwards  divided  with  parallel  or  inclined 

cuts,  either  with  the  frame  saw,  fig.  49,  or  the  circular  saw,  as 
will  be  explained  in  the  second  volume. 

In  flat  works,  such  as  razor  and  knife  handles,  the  broad  sur- 
faces, if  cut  radially,  would  show  the  edges  of  the  rings  or  layers 

of  the  ivory ;  but  cut  parallel  with  the  curve,  or  as  the  tangent, 
the  grain  is  much  less  observable,  and  the  ivory  appears  finer. 

In  the  keys  for  piano-fortes  this  is  particularly  attended  to,  the 
finest  broad  keys  are  always  cut  upon  the  flat  side  of  the  oval, 

as  at  f,  those  upon  the  long  dia- 
meter are  cut  into  the  narrow  pieces 

called  tails,  (used  between  the  black 
keys,)  and  the  intermediate  parts, 
are  cut  obliquely  as  at  g,  this  causes 
much  waste. 

For  such  pieces  as  have  large 

hollows  more  management  is  ne- 

cessary, as  the  thickness  and  cur- 
vatures of  the  material  have  to 

be  jointly  considered.  When  the 
hollows  are  thin,  they  are  cut  into 
squares  or  handles  as  large  as  the 
substance  will  allow;  but  on  ac- 

count of  the  circular  section  of  the 

tooth,  some  of  the  pieces,  if  not  all,  must  necessarily  be  angular 

or  wedge-form ;  as  regards  pieces  for  the  lathe  this  is  of  little 
consequence. 

In  all  cases  the  entire  division  of  the  block  or  ring  should  be 

determined  upon,  and  carefully  marked  in  pencil  upon  the  end 
of  the  piece,  before  the  saw  is  used. 

When  a  tusk  is  cut  up  exclusively  for  turnery-work,  the  first  cut 
is  more  generally  made  where  the  hollow  terminates,  which  spot 
is  ascertained  by  thrusting  a  small  cane  or  a  wire  up  the  tooth, 

and  every  cut  is  directed  as  nearly  as  possible  at  right  angles  to 
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irve   Of  the  tusk,  or  to   the    center   of   the    circle  as  before 

described.  Unless  the  tooth  :-  \.  i  \  far  from  circular,  it  is  usual 
to  prepare  the  principal  quantity  into  cylinders  or  rings,  as  large 

as  they  will  respectively  hold,  and  the  diagrams,  figs.  '» 
,  are  intended  to  explain  the  best  mode  of  centering  the 

pieces,  or  placing  them  in  the  lathe. 
If,  as  in  preparing  an  ordinary  block  of  wood,  a  circle  were 

made  at  each  end,  and  the  work  were  chucked  from  the  centers 

Figs.  51.  53. 

'the  circles,  as  at  o,  fig.  51,  the  largest  cylinder  that  could  be 
)t  allied  won  hi  be  that  represented  by  the  four  sides  of  the  dotted 
:tangle  within  that  figure.    Very  much  less  waste  would  result 
>m  placing  the  centers  so  much  nearer  to  the  convex  side,  as 
obtain  the  cylinder  represented  in  fig.  52,  by  allowing  the 

waste  to  be  equally  divided  between  the  points  a,  c  and  e. 
I  r  more  economical,  to  cut  those  teeth  which  are 

much  curved  into  the  shortest  blocks,  and  the  figure  53,  which 

represents  the  proportions  more  commonly  adopted,  shows  the 
small  comparative  degree  of  waste  that  would  occur  in  a  piece 
of  half  the  length  of  the  others,  when  centered  in  the  most 
judicious  manner. 

The  first  process  in  preparing  to  rough-turn  the  block,  is  to 
fix  it  slenderly  in  the  lathe  between  the  prong  chuck  and  the 

it  of  the  popit-head,  and  its  position  is  progressively  altered 
by  trilling  blows  upon  either  end,  until  when  it  revolves  slowly, 
and  the  common  rest  or  support  for  the  tool  is  applied  against 

the  most  prominent  points  a,  e,  and  c,  respectively,  the  vacancies 

-  paces  opposite  to  each,  at  d,  b,  and/,  shall  be  tolerably  equal, 
so  that,  in  tact,  about  a  similar  quantity  may  have  to  be  turned 

away  from  the  parts  at  e,  and  c,  for  the  production  of  the 

cylinder,  represented  by  the  dotted  lines  within  the  figure. 
The  having  been  thus  found,  they  should  be  made  a 

littl.  with  a  Miiall  drill;   and   then   the  one  end  of  the 

upon  the  prong  chuck,  the  oj  ..ity. 
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supported  by  the  center,  is  turned  for  a  short  distance  slightly 

conical,  ready  for  fixing  in  a  plain  boxwood  chuck,  or  a  brass 
chuck  lined  with  wood,  to  complete  the  rough  preparation, 
unless  indeed  it  is  entirely  performed  upon  the  prong  chuck. 

With  the  decrease  in  length,  less  attention  is  requisite  in  the 

centering  on  account  of  the  interference  of  the  curvature  of  the 
tooth,  and  the  pieces  may  be  at  once  rasped  to  the  circular  form, 
and  then  chucked  either  in  a  hollow  chuck,  or  else  by  cement  or 

glue,  against  a  plain  flat  surface ;  the  full  particulars  of  which 
processes  will  be  found  in  the  fourth  volume  in  the  chapters 
devoted  to  the  various  methods  of  chucking,  which  should  have 
been  rendered  familiar  to  the  amateur  on  less  costly  materials, 

before  he  largely  employs  ivory,  at  any  rate  in  the  unprepared 
state. 

When  the  blocks  of  ivory  are  long  and  much  curved,  a  thin 

wedge-form  plate  may  be  sometimes  sawn  from  the  end,  in 
preference  to  turning  the  whole  into  shavings ;  the  end  is  turned 
cylindrically  for  a  short  distance,  just  avoiding  to  encroach  on  the 
lower  angle  of  the  block,  and,  as  soon  as  practicable,  a  parting 
tool  is  used  for  cutting  a  radial  notch  for  the  admission  of  the 
saw,  which  may  be  then  employed  in  removing  a  thin  taper  slice. 
The  process  is  at  any  rate  scarcely  attended  with  more  trouble 
than  turning  the  material  into  shavings,  and  thin  pieces  are 
retained  for  a  future  purpose,  such  in  fact  as  those  represented 
beyond  the  dotted  lines  at  the  ends  of  the  figures. 

The  hollow  pieces  of  ivory  are  treated  much  in  the  same 
manner  as  those  which  are  solid,  and  into  which  latter  condition 

they  are  sometimes  temporarily  changed,  by  rasping  a  piece  of 
common  wood  such  as  beech  to  fit  into  the  hollow,  driving  it  in 

pretty  securely,  but  so  as  not  to  endanger  splitting  the  ivor^ 
the  work  is  then  centered  as  recently  explained,  the  chuck  and 
center  being  in  this  case  received  in  the  wood. 

With  the  hollow  pieces,  the  process  of  turning  must  be  repeated, 
on  their  inner  surfaces,  for  which  purpose  a  side  cutting  tool 
with  a  long  handle  for  a  secure  grasp  should  be  used ;  the  tool 
should  be  held  very  firmly  so  as  to  withstand  the  jerking  inter- 

mittent nature  of  the  cut,  until  the  irregularities  are  reduced. 
For  this  purpose  the  sliding  rest  is  very  desirable,  as  the  tool 

is  then  held  perfectly  fast  without  effort  on  the  part  of  the  indivi- 
dual, and  if  the  chucking  be  correctly  done,  the  greatest  possible 
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omy  of  the  material  is  attained ;  the  hand  tools  succeed  very 
well  on  the  outer  surface,  as  the  rest  or  support  upon  which  they 
are  then  placed  is  so  close  to  every  point  of  the  exterior  surface, 
th.it  they  may  be  held  securely  with  less  effort,  although  the 
slid  ing-rest  is  n<  \crtheless  desirable  there  also. 

\\heu  tlu*  i\ ory  hollow  is  thin,  and  far  from  circular,  the 
material  would  be  turned  eutirelv  into  shavings,  in  attempting 
to  produce  a  circular  ring;  the  circular  dotted  lines,  in  figs.  43 
and  44,  page  143  are  intended  to  explain  this.  Fig.  43  might  be 

turned  into  an  oval  ring;  but  it  is  more  usual  to  cut  such  irre- 
gular hollows  into  small  square  and  round  pieces,  as  explained. 

\Vheu  thin  rings  or  short  tubes  are  required,  they  are  fre- 
quently cut  one  out  of  the  other  in  the  lathe,  in  preference  to 

ua.stiui:  the  material  in  shavings;  this  is  done  with  the  parting 
tool  as  in  fig.  54 ;  an  incision  being  made  of  uniform  diameter 

from  each  end,  and  continued  parallel  with  the  axis,  until  the 

two  cuts  meet  in  the  center :  very  short  pieces  may  be  thus 

divided  from  the  one  end  only.*  When  the  rings  are  large  and 
thiu,  it  is  desirable  to  plug  them  at  one  or  both  ends,  with  a 

thin  piece  of  dry  wood,  turned  as  a  plug  to  fill  the  diameter, 
and  prevent  the  ivory  from  becoming  oval  in  the  course  of  drying. 

55  explains  the  mode  of  preparing  such  an  object  as  a 

;i-box  out  of  a  solid  block  ;  that  is,  with  the  ordinary  parting 
tool  entered  from  the  front,  and  the  inside  parting  tool  entered 
from  within  ;  the  incisions  of  which  meet  and  remove  a  series  of 

_s.  The  dotted  lines  represent  the  paths  of  the  respective 

tools,  the  shaded  parts  the  ring  obtained,  and  the  black  lines  the 
.s  themselves.     An  aperture  must  necessarily  be  made  in  the 

•  •  -r,  of  a  diameter  equal  to  the  extreme  width  of  the  tool ; 
but  after  the  removal  of  the  first  or  central  ring,  a  tool  of  con- 

*  Solid  pieces  of  ivory  about  4  to  6  inches  long,  and  1 J  to  2  inches  diameter,  cut 
this  manner,  are  often  imported  from  India. 
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siderably  larger  size  may  be  used  to  extract  a  much  wider  ring; 
and  a  little  tallow  or  oil  applied  to  the  parting  tools  will,  in  a 

great  measure,  prevent  the  shavings  of  the  ivory  from  sticking 
to  them  and  impeding  their  progress. 

Before  quitting  the  subject  of  the  preparation  of  ivory  for  the 
lathe,  let  me  advise  those  amateurs,  who  may  be  desirous  to 

produce  either  one  large  specimen  of  ivory  work,  or  several  pieces 

forming  a  set,  as  of  draftsmen  or  chessmen,  to  endeavour  if  pos- 
sible to  make  the  whole  of  the  work  from  one  tooth ;  as  although 

the  colour  of  ivory  may  be  considered  as  yellowish  white,  and 

therefore,  like  writing-paper  pretty  much  alike,  such  is  not  the 
case,  and  it  is  often  extremely  difficult  or  almost  impossible,  to 

match  pieces  from  two  different  teeth,  so  that  the  colour,  trans- 
parency, and  fibre,  shall  exactly  agree. 

Ivory  requires  a  similar  drying,  or  seasoning,  to  that  recom- 
mended for  wood ;  as  when  the  pieces  cut  out  of  the  tooth  are 

too  suddenly  exposed  to  hot  dry  air,  they  crack  and  warp  nearly 
after  the  same  manner  as  wood,  and  the  risk  is  the  greater  the 
larger  the  pieces;  and  on  this  account  ornaments  turned  out  of 

ivory  or  wood,  especially  those  composed  of  many  parts,  should 

not  be  placed  upon  those  chimney-pieces  which,  from  their  size, 
are  so  close  to  the  fire  as  to  become  heated  thereby  in  any 
sensible  manner. 

Notwithstanding  the  difference  between  the  component  parts 
of  wood  and  ivory,  and  that  the  latter  does  not  absorb  water  in 

any  material  degree,  it  is  subject  to  all  the  changes  of  size  and 
figure  experienced  by  the  woods,  and  in  one  respect  it  exceeds 
them,  as  ivory  alters  in  length  as  well  as  width,  whereas  from 

the  former  change  wood  is  comparatively  free.* 
The  change  however  is  very  much  less  in  the  direction  of  the 

length  than  the  width;  this  is  particularly  experienced  in  billiard- 
balls,  which  soon  exhibit  a  difference  in  the  two  diameters,  if  the 

air  of  the  apartment  in  which  they  are  used,  differ  materially 
from  that  in  which  the  ivory  had  been  previously  kept.  The 
balls  are  usually  roughly  turned  to  the  sphere,  for  some  months 

.     *  Kee  foot  note,  p.  4  7.     The  Tithe  Commissioners  there  referred  to,  refuse  to 
sanction  ivory  drawing  scales  at  all,  as  although  they  may  appear  to  be  corn 
the  time  of  observation,  they  find  them  subject  to  a  considerable  valuation  from 
atmospheric  influence.     See  their  Papers. 
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:«  they  are  used,  to  allow  tin  mat.  rial  to  become  thoroughly 
dry  before  being  turned  truly  spherical  ;  and  in  some  of  the  clubs 

they  even  take  tin-  precaution  of  keeping  the  rough  balls  in  their 
own  billiard-room  for  a  period,  to  expose  them  to  the  identical 
atmosphere  in  which  they  will  be  used. 

Ivory  agrees  likewise  with  wood,  in  shrinking  unequally  upon 
t)u  radius  and  tangent  when  cutout  of  quarterings,  as  explained 
by  the  fig.  11,  p.  10:  on  this  account,  billiard  balls  are  always 
made  out  of  teeth  scarcely  larger  than  themselves,  which 

1  teeth  are  called  "  ball  teeth/'  and  procure  an  advanced 

price. 

It  may  be  asked  what  means  there  are  of  bleaching  ivory 
which  has  become  discoloured;  the  author  regrets  to  add  that 
he  is  unacquainted  with  any  of  value.  It  is  recommended  in 
various  popular  works  to  scrub  the  ivory  with  Trent  sand  and 

water,  and  similar  gritty  materials ;  but  these  would  only  pro- 
duce a  sensible  effect,  by  the  removal  of  the  external  surface  of 

the-  material,  which  would  be  fatal  to  objects  delicately  carved  by 
hand  or  with  revolving  cutting  instruments  applied  to  the  lathe. 

Perhaps  it  may  be  truly  advanced  that  ivory  suffers  the  least 
change  of  colour  when  it  is  exposed  to  the  light,  and  closely 
covered  with  a  glass  shade.  It  assumes  its  most  nearly  white 
condition  when  the  oil  with  which  it  is  naturally  combined  is 

itly  evaporated;  and  it  is  the  custom  in  some  thin  works, 

such  as  the  keys  of  piano-fortes,  to  hasten  this  period,  by  placing 
them  for  a  few  hours  in  an  oven  heated  in  a  very  moderate 
degree,  although  the  more  immediate  object  is  to  cause  the 

vs  to  shrink  before  they  are  glued  upon  the  wooden  bodies  of 

the  keys.  Some  persons  boil  the  transparent  ivory  in  pearl-ash 
and  water  to  whiten  it;  this  appears  to  act  by  the  superficial 
extraction  of  the  oily  matter  as  in  bone,  although  it  is  very  much 

er  not  to  resort  to  the  practice,  which  is  principally  emplox  <-d 
to  render  that  ivory  which  is  partly  opaque  and  partly  trans- 

parent, of  more  nearly  uniform  appearance. 
It    U  imagined  by  some  that  ivory  may  be  softened  so  as 

to  admit  of  being  moulded  like  horn  or  tortoiseshell,  its  dif- 

it  analysis  contradicts  this  expectation  ;  thick  pieces  suil'er 
• hangc  in  boiling  water,  thin  pieces  become  a  little  more 

nle.  and  thin  shavings  give  off  their  jelly,  w  Inch  substant v 
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siderably  larger  size  may  be  used  to  extract  a  much  wider  ring; 
and  a  little  tallow  or  oil  applied  to  the  parting  tools  will,  in  a 

great  measure,  prevent  the  shavings  of  the  ivory  from  sticking 
to  them  and  impeding  their  progress. 

Before  quitting  the  subject  of  the  preparation  of  ivory  for  the 
lathe,  let  me  advise  those  amateurs,  who  may  be  desirous  to 

produce  either  one  large  specimen  of  ivory  work,  or  several  pieces 

forming  a  set,  as  of  draftsmen  or  chessmen,  to  endeavour  if  pos- 
sible to  make  the  whole  of  the  work  from  one  tooth ;  as  although 

the  colour  of  ivory  may  be  considered  as  yellowish  white,  and 

therefore,  like  writing-paper  pretty  much  alike,  such  is  not  the 
case,  and  it  is  often  extremely  difficult  or  almost  impossible,  to 

match  pieces  from  two  different  teeth,  so  that  the  colour,  trans- 
parency, and  fibre,  shall  exactly  agree. 

Ivory  requires  a  similar  drying,  or  seasoning,  to  that  recom- 
mended for  wood ;  as  when  the  pieces  cut  out  of  the  tooth  are 

too  suddenly  exposed  to  hot  dry  air,  they  crack  and  warp  nearly 
after  the  same  manner  as  wood,  and  the  risk  is  the  greater  the 
larger  the  pieces;  and  on  this  account  ornaments  turned  out  of 

ivory  or  wood,  especially  those  composed  of  many  parts,  should 

not  be  placed  upon  those  chimney-pieces  which,  from  their  size, 
are  so  close  to  the  fire  as  to  become  heated  thereby  in  any 
sensible  manner. 

Notwithstanding  the  difference  between  the  component  parts 
of  wood  and  ivory,  and  that  the  latter  does  not  absorb  water  in 

any  material  degree,  it  is  subject  to  all  the  changes  of  size  and 
figure  experienced  by  the  woods,  and  in  one  respect  it  exceeds 
them,  as  ivory  alters  in  length  as  well  as  width,  whereas  from 

the  former  change  wood  is  comparatively  free.* 
The  change  however  is  very  much  less  in  the  direction  of  the 

length  than  the  width;  this  is  particularly  experienced  in  billiard- 
balls,  which  soon  exhibit  a  difference  in  the  two  diameters,  if  the 

air  of  the  apartment  in  which  they  are  used,  differ  materially 

from  that  in  which  the  ivory  had  been  previously  kept.  The 
balls  are  usually  roughly  turned  to  the  sphere,  for  some  months 

.     *  See  foot  note,  p.  47.     The  Tithe  Commissioners  there  referred  to,  refu- 
sanction  ivory  drawing  scales  at  all,  as  although  they  may  appear  to  be  com* 
the  time  of  observation,  they  find  them  subject  to  a  considerable  variation  from 
atmospheric  influence.     Ste  their  Papers. 
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before  they  are  used,  to  allow  the  mutt  rial  to  become  thoroughly 

dry  before  beiui,'  ttinu-d  truly  spherical  ;  and  in  some  of  the  clubs 
theyc\cn  take  the  precaution  of  keeping  the  rough  balls  in  their 

own  billiard  room  tor  a  period,  to  expose  them  to  the  identical 

atmosphere  in  which  they  will  In-  used. 
Ivory  agrees  likewise  w  ith  wood,  in  shrinking  unequally  upon 

the  radius  and  tangent  when  cutout  of  quartering^,  as  explained 

by  the  fig.  14,  p.  19 :  on  this  account,  billiard  balls  are  always 
made  out  of  teeth  scarcely  larger  than  themselves,  which 

1  teeth  are  called  "  ball  teeth/*  and  procure  an  advanced 
price. 

It  may  be  asked  what  means  there  are  of  bleaching  ivory 
which  has  become  discoloured;  the  author  regrets  to  add  that 
he  is  unacquainted  with  any  of  value.  It  is  recommended  in 
\arious  popular  works  to  scrub  the  ivory  with  Trent  sand  and 

water,  and  similar  gritty  materials ;  but  these  would  only  pro- 
duce a  sensible  effect,  by  the  removal  of  the  external  surface  of 

the  material,  which  would  be  fatal  to  objects  delicately  carved  by 
hand  or  with  revolving  cutting  instruments  applied  to  the  lathe. 

Perhaps  it  may  be  truly  advanced  that  ivory  suffers  the  least 
change  of  colour  when  it  is  exposed  to  the  light,  and  closely 
covered  with  a  glass  shade.  It  assumes  its  most  nearly  white 
condition  when  the  oil  with  which  it  is  naturally  combined  is 

itly  evaporated;  and  it  is  the  custom  in  some  thin  works, 

such  as  the  keys  of  piano-fortes,  to  hasten  this  period,  by  placing 
them  for  a  few  hours  in  an  oven  heated  in  a  very  moderate 
degree,  although  the  more  immediate  object  is  to  cause  the 

•es  to  shrink  before  they  are  glued  upon  the  wooden  bodies  of 
l.  Some  persons  boil  the  transparent  ivory  in  pearl-ash 

and  water  to  whiten  it ;  this  appears  to  act  by  the  superficial 
action  of  the  oily  matter  as  in  bone,  although  it  is  very  much 

tier  not  to  resort  to  the  practice,  which  is  principally  employed 

to  render  that  ivory  which  is  partly  opaque  and  partly  trans- 
parent, of  more  nearly  uniform  appearance. 

It  is  imagined  by  some  that  ivory  may  be  softened  so  as 

to  admit  of  being  moulded  like  horn  or  tortoiseshell,  its  dif- 
nt  analysis  contradicts  this  expectation  ;  thick  pieces  suffer 
liange  in  boiling  water,  thin  pieces  become  a  little  more 

flexible,  and  thin  shavings  give  off  their  jelly,  which  substance  i- 
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furnished    the    sketches    of    the    figures    and    the    annexed 

description. 

"  In  the  accompanying  drawing  is  represented  the  nose  of  a 
lathe  with  an  egg  chucked  ready  for  cutting.  Fig  56,  is  the  sec- 

tion of  a  chuck  for  holding  the  eggs  to  prepare  them  for  the 
chuck  represented  in  fig.  57. 

"  Fig.  56,  is  what  is  generally  termed  a  spring  chuck,  and  is 
made  by  rolling  stout  paper  thoroughly  moistened  with  glue, 

upon  a  metal  or  hard-wood  cylinder,  the  surface  of  which  has 
been  greased  to  prevent  the  paper  adhering  to  it,  and  upon 
which  it  must  remain  until  perfectly  dry;  when  it  maybe  removed, 

and  cut  or  turned  in  the  lathe  as  occasion  may  require." 
Figs.  56.  a  57. 

"This  sort  of  chuck  is  very  light,  easily  made,  and  well 
adapted  for  the  brittle  material  it  is  intended  to  hold.  Before 

fixing  the  egg  in  it,  the  inner  surface  should  be  rubbed  with 

some  adhesive  substance,  (common  diachylon  answers  exceedingly 
well ;)  when  this  is  done,  the  egg  should  be  carefully  placed  in 
the  chuck,  the  lathe  being  slowly  kept  in  motion  by  one  hand, 
whilst  with  the  other  the  operator  must  adjust  its  position,  until 

he  observes  that  it  runs  perfectly  true  :  then  with  a  sharp-pointed 
tool  he  must  mark  the  center,  and  drill  a  hole  sufficiently  large 

for  the  wire  in  the  chuck,  fig.  57,  to  pass  freely  through." 
"  When  this  is  done,  the  egg  must  be  reversed,  and  the  same 

operation  repeated  on  the  opposite  end ;  its  contents  must  then 

be  removed  by  blowing  carefully  through  it ;  it  is  now  ready  for 
cutting,  for  which  purpose  it  must  be  fixed  in  the  chuck  shown 

in  fig.  57,  which  is  made  as  follows :" 

"  A,  is  a  chuck  of  box  or  other  hard  wood,  having  a  recess 
turned  in  it  at  a,  b,  into  which  is  fitted  a  piece  of  cork,  as  a  soft 
substance  for  the  egg  to  rest  against.  B,  is  a  small  cup  of  wood, 
with  a  piece  of  cork  fitted  into  it,  serving  the  same  purpose  as 
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that  in  A.  A  piece  of  brass,  d,  is  to  be  firmly  screwed  into  the 
chuck  A,  and  into  that  a  steel  wire,  screwed  on  the  outer  end ; 

<»n  tin-,  a  small  brass  nut,  r,  is  fitted  to  work  freely  in  a  recess 
in  the  (lire.  15  ;  when  the  egg  is  threaded  on  the  wire  through 

tin-  holes  which  have  been  previously  made  in  it,  this  nut  is  to 
be  gradually  tightened  up  until  it  presses  the  cup,  B,  against  the 
egg,  sufficiently  to  hold  it  steady  and  firm  enough  to  resist  the 

action  of  a  finely-pointed  graver  used  to  cut  it." 
Mr.  Kittoe  adds  that  the  tool  requires  to  be  held  very  lightly 

as  a  little  undue  violence  would  crush  the  shell ;  neither  should 

the  latter  be  pinched  unnecessarily  tight  in  the  chuck,  as  other- 
wise when  the  point  of  the  tool  divides  the  shell,  the  two  parts 

might  spring  together  and  be  destroyed  by  the  pressure. 
It  requires  some  delicacy  of  hand  to  attach  the  rings  to  the 

edges  of  the  shell  to  constitute  the  fitting ;  the  foot  and  top 

ornaments  are  fixed  by  very  fine  ivory  screws,  the  heads  of  which 
nre  inserted  within  the  shell.* 

In  the  next  chapter  I  have  to  proceed  to  the  materials 
obtained  from  the  Mineral  Kingdom. 

*  Mr.  Kittoe  has  done  me  the  favour  to  give  me  a  very  elegant  example  of  this 

fragile  manufacture,  one  rather  different  from  those  to  which  his  mind  in  profes- 
sionally directed  in  his  study  as  an  engineer,  in  the  works  of  Messrs.  Maudslay, 

Son  and  Field.  He  informs  me,  the  shells,  when  soiled  with  the  fingers,  are  the 

most  safely  cleaned  with  a  solution  of  citric  acid,  and  that  even  the  eggs  of  the 
sparrow  may  be  successfully  treated,  as  above. 
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CHAPTER  IX. 

MATERIALS  FROM  THE  MINERAL  KINGDOM. 

THE  materials  from  the  mineral  kingdom  may  be  divided  so 

far  as  regards  these  pages  into  two  groups ;  the  earthy,  and  the 
metallic. 

The  earthy  materials,  the  subject  of  this  chapter,  when  em- 
ployed in  the  mechanical  and  useful  arts,  are  generally  used  in 

their  natural  states. 

The  metallic  minerals,  consist  in  general  of  metallic  oxides, 

combined  with  a  larger  quantity  of  some  base,  such  as  silex,  clay, 

or  sulphur,  which  are  the  most  common  mineralizers ;  the 
cohesion  of  the  mass  has  in  general  to  be  overcome  by  heat, 
which  destroys  the  affinity  of  the  component  parts,  and  allows  of 
the  separation  of  the  metals  in  various  ways.  Of  these  processes 
the  author  will  have  scarcely  anything  to  say ;  but  the  metals 
themselves,  when  so  obtained,  will  be  treated  of  at  some  length 

in  the  succeeding  chapters. 

The  earthy  and  crystalline  mineral  substances  are  less  fre- 

quently worked  by  the  amateur,  than  the  metallic,  and  there- 
fore they  will  be  noticed  rather  briefly,  and  in  the  order  of 

their  hardness,  as  derived  from  the  following  table.  The 

instructions  on  a  variety  of  processes  of  grinding  and  polishing 
these  earthy  substances,  will  be  found  in  the  chapters  of  Vol. 

III.,  to  be  exclusively  devoted  to  that  subject  under  its  numerous 
modifications,  as  applied  to  the  materials  of  the  three  kingdoms 

generally ;  both  as  the  exclusive  means  for  the  production  of 
form,  and  also  for  the  embellishment  of  surface,  or  polishing. 

TABLE  OF  HARDNESS,  &c. 

1.  Talc    . 

2.  Compact  Gypsum 

3.  Calcareous  spar  . 

4.  Fluor  spar  . 
5.  Apatite  .         .     . 
6.  Felspar 

7.  Silex       .        .     . 

8.  Topaz 
9.  Sapphire         .     . 

10.  Diamond     . 

Lead,  Steatite  or  Soapstone,  Meerschaum     .         .  23 
f  Tin,  Ivory,  Potstone,  Figure-stone,  Cannel-coal, 
1          Jet,  &c     90 
/  Gold,  Silver,  and  Copper,  when  pure  ;  soft  Brass, 
\         Serpentine,  Marbles,  Oriental  Alabaster,  &c    71 
Platinum,  Gun  Metal                53 
Soft-Iron                    43 
Soft-steel,  Porphyry,  Glass       ....        52 

/  Hardened-Steel,    Quartz,  Flint,  Agate,   Granite 
1         Sandstone,  Sand                 26 
Hardest  Steel                     6 
Ruby  and  Corundum                 1 
Cuts  all  substances                      1 ! 
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annexed  table  exhibits  the  relative  degrees  of  hard  neat  of 

^.everal  substances  in  the  estimation  of  the  mineralogist;  thus 

tali-  may  be  scratched  by  gypsum,  gypsum  may  be  scratched  by 
ireous  spar, the  last  by  fluorspar,  and  so  on  throughout ;  in 

the  next  column  are  named  some  of  the  minerals,  metals  and 
other  substances  of  similar  degrees  of  hardness;  and  the  last 

column  contains  tin-  number  of  minerals,  which  in  respect  to 
hardness  are  ranked  under  each  of  the  ten  grades. 

In  the  several  practices  of  working  these  numerous  substances, 
structure  must  also  be  taken  into  account,  or  the  mode  in  which 

their  separate  particles  are  combined;  thus  hardened-steel, 
quartz,  granite,  and  sand-stone,  are  each  included  under  the 
number  7.  The  particles  of  the  steel,  however,  are  much  more 
firmly  united  than  those  of  the  glassy  crystalline  quartz,  which 
is  far  more  brittle ;  and  still  more  so  than  the  aggregations  of 

crystals  in  the  granites ;  the  last  may  be  wrought  by  sharp- 
pointed  picks  and  chisels  of  hard  steel,  which  crush  and  detach, 
rather  than  cut  the  crystals ;  and  although  sandstone  consists 
almost  entirely  of  particles  of  silex  cemented  with  silex,  still  as 

the  grains  of  the  sandstone  are  but  loosely  held  together,  it  may 
be  turned  with  considerable  facility  with  thetools  used  for  turning 
marble,  and  which  is  the  every  day  practice  in  turning  the 

grindstone.  Whereas  granite  which  contains  from  half  to  three- 
fifths  felspar,  a  substance  softer  than  silex,  and  porphyry  which 
consists  of  crystals  of  felspar  embedded  in  a  base  of  felspar, 
cannot  be  turned  with  steel  tools  at  all. 

Several  mineral  substances  are  formed  by  the  successive  depo- 
sition of  their  component  parts  in  uniform  layers,  as  in  mica 

and  slate  ;  or  in  alternate  depositions,  as  in  the  Yorkshire  flags 
or  sandstones.  Mica  may  in  consequence  be  split  into  leaves 

i  so  thin  as  the  one  50,000th  of  an  inch;  it  is  used  by  the 
optician  in  mounting  objects  for  the  microscope,  and  is  often 

misnamed  talc ;  slate  may  be  split  into  very  thin  leaves  of  con- 
ruble  size ;  and  those  sandstones  which  result  from  the 

recompositiou  of  granite,  arc  most  readily  split  through  the 
layers  of  minute  scales  of  mica,  which  being  lighter  than  the 

other  ingredients,  are  deposited  in  separate  layers. 
Many  hard  substances,  as  the  agates,  carnclians,  and  flints, 

show  neither  the  crystalline  nor  lamellar  structure,  and  break 
with  a  fracture  termed  the  conchoidal,  of  which  the  broken 
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flakes,  of  glass,  flint,  and  pitch,  may  be  taken  as  familiar  ex- 

amples.* Hard  crystalline  gems,  on  the  other  hand,  are  formed 
of  laminae,  arranged  in  various  directions,  and  may  be  readily  split 
by  the  hammer  and  chisel  through  their  natural  cleavages  or 

joints ;  but  in  most  of  the  earthy  minerals,  grinding  is  resorted  to 
for  obtaining  the  ultimate  and  defined  shapes,  the  consideration 
of  which  methods  are  for  the  present  deferred.  Should  none  of 

these  processes  be  resorted  to  by  my  readers,  they  will  at  any 
rate  serve  to  explain  the  broad  features  of  the  respective  influence 
of  the  mineral  materials,  (amongst  others)  upon  tools;  which  is 

undoubtedly  an  important  link  in  our  subject,  and  one  full  of 

general  interest  and  variety,  from  the  diversity  of  the  methods 
which  are  pursued  in  such  of  the  useful  and  ornamental  arts  as 

require  these  natural  mineral  substances,  that  include  both  the 
softest  and  hardest  solids  with  which  we  are  acquainted. 

The  hard  mineral  substances  are  mostly  attached  to  the  lathe, 
by  resinous  cements,  as  driving  them  into  hollow  chucks,  like 

pieces  of  wood  or  metal,  would  endanger  their  being  broken, 
from  their  crystalline  nature.  The  soft  cements  consist  of  about 

half  a  pound  of  resin,  one  ounce  of  wax,  and  any  fine  powder, 
often  the  fine  dust  from  the  stones  that  are  turned ;  pounded 
brickdust  and  coarse  flour  are  used,  and  pitch  also  enters  into 

the  composition  of  other  kinds.  Shell- lac  either  alone  or  mixed 
with  half  its  weight  of  finely-powdered  pumice-stone  is  sometimes 

employed ;  and  fine  sealing-wax,  which  is  principally  shell-lac, 
is  used  as  well  as  many  other  kinds  of  cement.  The  stone  is  in 

general  warmed  to  the  melting  point  of  the  cement;  but  some- 
times the  latter  is  melted  by  friction  alone. 

CLAY    (1). 

This  material  is  only  worked  in  the  soft  and  plastic  state.  In 

pottery,  it  is  attached  to  the  potter's  wheel  or  horizontal  lathe, 
by  its  own  adhesiveness  alone,  and  is  turned  by  the  hands  and 
blunt  wooden  tools ;  it  is  also  pressed  into  moulds  of  metal  and 

plaster  of  Paris,  some  of  which  are  mounted  on  the  lathe  when 
the  objects  are  smoothed  within  and  moulded  without.  Lathes 

*  Flint,  when  first  raised,  may  be  split  with  remarkable  precision,  with  the 
imperfectly  flat  conchoidal  fracture,  as  may  be  well  observed  in  gun-flints,  the 
perfection  of  the  keen  edges  thus  produced,  exceeds  that  of  any  which  may  be 
obtained  upon  similar  substances  by  art ;  when  the  water  is  completely  dried  out 
of  the  flint  it  breaks  with  the  ordinary  eonrhoidnl  fracture. 
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ith  vibrating  n  or  possessing  the  raovemeut  of  the  rote- 

n-ine.  are  likewise  employed  for  the  production  of  some  works 
in pottery  and  china.  The  artists  who  model  in  clay,  use  blunt 

in>tniim  nt-,  mostly  of  wood,  \\hich  are  rounded  at  the  ends  ; 
and  all  arti/ans  cut  or  divide  this  material  \\ith  a  stretched 

thread,  or  a  metal  wire.  The  clay  for  superior  pottery 

works  and  modelling,  often  called  pipe-clay,  is  decomposed  fel- 
spar, it  is  mostly  obtained  from  Cornwall  and  Devon  ;  and  the 

importance  of  the  Stourbridge,  and  some  other  refractory  clays, 

in  the  construction  of  crucibles  and  fire-bricks  for  a  variety  of 
purposes  in  the  arts,  must  not  be  overlooked.  See  Appendix, 

Note  O,  Page  937,  Vol.  II. 

MEERSCHAUM  (1).       AMBER  (2). 

These  are  principally  used  for  smoking  -pipes.  Previously  to 
g  turned,  the  meerschaum  is  soaked  in  water,  it  is  then 

ked  with  ordinary  tools,  and  is  described  "  to  cut  like  a 
ip;"  after  having  been  dried  in  a  warm  room,  it  is  polished 

with  a  few  of  its  own  shavings,  and  rubbed  with  white  wax, 

which  penetrates  its  surface.  Sometimes  the  pipes  are  dipped 

into  a  vessel  containing  melted  wax.* 
Amber  is  principally  found  on  the  shores  of  the  Baltic,  also 

at  Cromer  in  Norfolk,  &c.  :  the  most  esteemed  is  the  opaque 
kind,  resembling  the  colour  of  a  lemon,  and  sometimes  called 
fat  amber  :  the  transparent  pieces  are  very  brittle  and  vitreous. 

man  pipe-makers  by  whom  it  is  principally  used,  em- 
ploy thin  scraping  tools,  and  they  burn  a  small  lamp,  or  a  little 

pan  of  charcoal  beneath  the  amber,  to  warm  it  slightly  whilst 

•  The  meerschaum  pipes  are  made  of  a  kind  of  fuller's  earth,  called  Keff-ktl, 
•totally  foam-earth,)  formerly  dug  in  pita  in  the  Crimea,  but  now  in  Anatolia. 

'!"•••  KrffL-il  is  pressed  into  moulds  upon  the  spot,  dried  in  the  sun,  and  baked  in 
an  oven  ;  the  pipes  are  then  boiled  in  milk,  and  polished  with  a  soft  leather,  after 

i  they  are  carried  to  Constantinople.    They  are  then  bought  up  by  German 
merchants,  who  transport  them  to  Pest  in  Hungary,  where,  as  yet  largo  and  rude, 

they  are  soaked  in  water  for  twenty-four  hours,  and  then  turned  in  a  lathe  :  the 
sound  ones  are  for  the  most  part  sent  to  Vienna,  where  they  are  finished  and  often 
expensively  mounted  in  silver. 

They  afterwards  find  their  way  to  all  the  German  fairs,  and  obtain  various 
prices,  from  two  to  forty  pounds  sterling,  those  being  the  most  esteemed  which, 

^^ft  having  been  long  smoked,  become  stained  of  a  deep  yellow,  or  tortoiseshell- 
oolour,  fn>in  the  oil  of  the  tobacco.  The  Krffkii  is  used  in  the  public  baths  at 

Constantinople  for  cleansing  the  hair  of  the  women.  See  Dr.  Clarke's  Travels  in 
Ruma,  Tartary,  and  Turkey,  *c.,  vol.  ii.  4th  ed.  p.  282. 
I.  M 
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it  runs  in  the  lathe,  and  prevent  it  from  chipping  out ;  they 
also  succeed  in  bending  it,  by  means  of  heat.  Amber  is  made 
into  necklaces  and  ornaments,  worn  principally  in  Turkey  and 
India. 

JET,    CANNEL    COAL,    ETC.    (2   2|). 

Jet  is  found  at  Whitby,  Scarborough,  and  Yarmouth,  and  is 
also  imported  from  Turkey,  but  it  is  not  generally  met  in 
large  pieces.  It  may  be  turned  with  most  of  the  tools  for  the 
soft  and  hard  woods,  and  worked  with  saws  and  files,  all  used  in 

the  ordinary  way.  Jet,  until  polished,  appears  of  a  brown 
colour,  and  is  manufactured  by  the  lapidary  into  a  variety 
of  ornaments,  such  as  necklaces,  earrings  and  crosses. 

Cannel  coal  is  principally  obtained  in  England  from  York- 
shire, Shropshire,  Derbyshire,  and  Cumberland  ;  it  is  also  found 

in  parts  of  Scotland  and  North  Wales.  It  occurs  in  seams,  gene- 
rally about  three  inches  but  occasionally  one  foot  thick,  amongst 

ordinary  coal ;  sometimes,  as  at  the  Angel  Bank  Colliery,  near 
Ludlow,  it  constitutes  the  entire  bed.  Compared  with  jet  it  is 
much  more  brittle,  also  heavier,  and  harder ;  it  is  less  brown 

when  worked,  less  brilliant,  but  more  durable  when  polished; 

neither  of  them  are  at  all  influenced  by  acids  or  moisture, 
although  they  temporarily  expand  by  heat. 

Cannel  coal  may  be  thought  to  be  a  dirty  and  brittle  material, 
but  this  is  only  partially  true ;  it  is  far  better  suited  to  the 

lathe  than  might  be  expected,  although  a  peculiar  treatment  is 
called  for  in  the  entire  management,  which  commences  with  the 

selection  of  pieces  free  from  flaws,  of  a  compact  grain,  and  of  a 
clean  conchoidal  rather  than  of  a  flaky  structure. 

As  regards  the  artificer,  cannel  coal  may  be  considered  to  be 
made  up  of  horizontal  layers,  and  to  have  a  grain  something  like 

that  of  wood.  The  horizontal  surface  may  be  readily  distin- 
guished from  the  vertical,  either  by  its  splitting  off  in  flakes,  or 

by  its  appearing  as  if  varnished  at  those  parts  contiguous  to  the 

ordinary  coal,  and  which  are  chipped  away  as  useless ;  some- 
times hard  fragments  or  crystals,  apparently  of  iron  ores,  inter- 

rupt its  uniformity  of  surface,  and  flaws  which  show  when  broken 

the  varnished  appearance,  occasionally  diminish  its  strength. 
The  material  is  cut  out  with  a  saw ;  that  for  ivory,  fig.  49, 

p.  147,  is  most  proper,  but  the  hand-saw  will  answer ;  the  pieces 
are  then  roughed  to  the  shape  with  a  chopper,  or  a  parallel 



:     ro.M.. 

iladc  of  steel,  about  eight  inches  long,  one  and  a  half  wide,  ami 

irti-r  thick,  >harpened  very  keenly  with  two  bevil*  at  Hu- 

me end,  and  used  with  the  hand  alone.    For  making  a  snuft'-!>   \, 
rhethcr  plain,  screwed,  or  eccentric  turned,   the  plunk  way,  or 

surface  parallel  with  the  seam,  is  most  suitable;  it  is  also 
>per  for  vanes,  the  caps  and  bases  of  columns,  &c.    Cylindrical 

as  for  the  shafts  of  columns,  should  be  cut  from  cither 

of  the  slab,  as  the  laminae  then  run  lengthways,  and  the 

objects  are  much  stronger;*  these  latter  pieces  when  prepared 
should  be  driven  into  conical  chucks  with  a  mallet,  as  the  blow 

of  a  hammer  near  the  edge  would  shiver  off  a  flake  lengthways. 

Cylindrical  pieces  cut  the  plank  way  should  be  chucked  with  a 
hummer,  that   the  blow  may  be  exactly  central,  otherwise  the 
cylindrical  piece  would  perhaps  be  broken  in  two  transversely. 
Cement  is  also  very  much  used  for  chucking  the  work. 

All  the  tools  for  cannel  coal  are  ground  with  two  bevils 
exactly  like  the  chisel  for  soft  wood  turning,  but  they  are  held 

horizontally  ;  a  small  gouge,  from  one  quarter  to  three-eighths  of 
an  inch  wide,  also  slightly  bevilled  off  from  within,  is  used  for 
roughing  out,  or  rather  bringing  the  work  as  near  as  possible 
to  the  shape,  to  save  the  finishing  tools  :  these  should  be  ground 

:i  thin  and  very  sharp  edges,  otherwise  they  burnish  instead 
of  scrape  the  work.  The  ordinary  tools  for  ivory  and  hardwood, 

mployed,  must  be  held  downwards  at  an  angle  of  about 
twenty  degrees  ;  these  tools  are  sometimes  used  with  a  wire  edge 

turned  up  in  the  manner  of  a  joiner's  scraper. 
The  plunkway  surfaces  turn  the  most  freely,  and  with  shavings 

much  like  those  of  wood,  the  edges  yield  small  chips,  and  at  last 
a  tine  dust,  but  which  does  not  stick  to  the  hands  in  the  manner 

of  common  coal.  Flat  objects,  such  as  inkstands,  are  worked 

with  the  joiners'  ordinary  tools  and  planes;  but  with  these 
\\ise,  it  is  also  better  the  edge  should  be  slightly  bevilled  on 

the  flat  side  of  the  iron.  The  edges  of  cannel  coal  arc  harder, 
and  polish  better  than  the  flat  surfaces. 

•  Cylindrical  piece*  thus  prepared,  say  three  inches  long,  and  three-eighth*  of 
an  inch  diameter,  are  *o  strong  they  cannot  be  broken  between  the  fingers  ;  similar 
piece*  hare  been  long  since  used  for  the  construction  of  flute*  ;  and  in  the  British 
Museum  may  be  seen  a  snuff  box  of  cannel  coal,  said  to  have  been  turned  in  the 
reign  of  Cbarle*  L,  and  al*o  two  bust*  of  Henry  VIII.,  and  hi*  daughter  Lady 
Mary,  curved  in  the  same  material. 

M  2 
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ALABASTER    (2 — 2^). 

This  is  a  sulphate  of  lime,  or  compact  gypsum,  which  occurs 
in  various  places ;  in  England  the  finest  is  found  near  Derby, 

where  the  pure  white  is  employed  for  the  purposes  of  sculpture, 
but  the  finest  white  alabaster  is  from  Italy  :  the  variegated  kinds 

are  turned  into  vases,  pillars,  and  other  ornamental  works. 
Before  the  Reformation  the  alabasters  were  used  for  statuary, 

and  many  curious  monuments  in  this  material  may  be  seen  in 

the  churches  of  the  midland  counties  of  England.*. 
There  are  but  few  kinds  of  tools  employed  in  turning  alabaster, 

namely,  points  for  roughing  out,  flat  chisels  for  smoothing, 
and  one  or  two  common  firmer  chisels,  ground  convex  and 

concave  for  curved  lines.  The  point  tools  used  in  Derbyshire 

are  square,  and  described  under  marble ;  the  Italians  prefer  a 
triangular  point,  as  an  old  triangular  file  driven  into  a  handle 
and  ground  off  obtusely  at  the  end.  The  carved  parts  are  done 

by  hand  with  small  gouges,  chisels,  and  scorpers  of  various 
forms  and  sizes,  drills,  files,  and  saws,  are  also  employed ;  and 

the  surface,  unless  polished,  is  finished  with  fish-skin  and  Dutch 
rush. 

The  fibrous  gypsum,  called  from  its  brilliant  appearance  satin- 
stone,  is  much,  softer;  it  is  turned  into  necklaces  and  small 

ornaments,  by  a  sharp  flat  chisel  held  obliquely,  a  square  point 
would  split  off  the  fibres.  All  the  above  kinds  of  alabaster  or 

gypsum  produce,  when  calcined,  the  well-known  plaster  of  Paris, 
a  substance  used  for  cementing  together  such  of  the  vases  as  are 
made  of  detached  parts  ;  plaster  of  Paris  also  renders  other 

*  The  Italian  alabaster,  when  first  raised,  is  semi-transparent  like  spermaceti ; 
it  is  wrought  in  this  state ;  the  works  are  generally  rendered  of  a  more  opaque 
white  by  placing  them  in  a  vessel  upon  little  fragments  of  the  stone,  so  that  they 
may  be  entirely  surrounded  by  the  cold  water,  which  is  then  poured  in  and  very 
slowly  raised  to  nearly  the  boiling  temperature  :  this  should  occupy  two  hours. 

The  vessel  is  then  allowed  to  cool  to  70°  or  80°  Fahr.,  the  object  is  taken  out, 
closely  wrapped  in  cloth,  and  allowed  to  remain  until  dry.  The  alabaster  at  first 
appears  little  altered,  but  it  gradually  assumes  the  opaque  white  ;  for  the  first  six 
months  it  is  considered  to  remain  softer  than  at  first,  but  to  become  ultimately 
somewhat  harder  from  the  treatment. 

Alabaster  readily  absorbs  grease  and  dirt  of  any  kind,  but  it  is  cleaned  by  the 
Italians  very  dexterously ;  some  use  weak  alkaline  and  acid  solutions.  Soap  and 
water  are  not  to  be  recommended,  as  the  unpolished  parts  absorb  the  oil  of  the 
soap. 



:imi  far  mon-    important    services   ill  tt  \aiu  t\    of  the  Useful  ami 
ornamental  arts. 

ut.il  alabaster  ia  a  very  different  substance  from  the 
:i!)o\r  ;  it  1^  a  Malau'init  ic  carbonate  of  lime,  compact,  or  fibrous; 
generally  white,  but  of  all  colours  from  \\liiteto  bro\\n,  and 
sometimes  veined  with  coloured  zones;  it  i>  of  the  same  hard- 

u  as  marble,  is  used  for  similar  purposes,  and  wrought  by  the 
same  means.41 

SLATE  (ii— 3). 

Tin-  common  blue  and  red  slates  consist  of  clay  and  silex  in 
ah.uit  npial  parts;  the  largest  slate  quarries,  perhaps  in  the 

world,  art-  at  Bailor  in  Wales.  The  blocks  when  quarried  are 
split  into  sheets,  sometimes  exceeding  eight  feet  by  four,  by  means 
of  long,  wide,  and  thin  chisels,  applied  on  the  edge,  parallel  with 
the  lamina-,  and  struck  with  a  mallet  or  hammer.  The  sheets 
are  sawn  into  rectangular  pieces  and  slabs,  by  ordinary  circular 
saws  with  teeth,  moved  rather  slowly ;  and  these  are  afterwards 

planed  for  billiard-tables,  &c.,  in  machines  nearly  resembling 

tin -engineer's  planing  machines  for  metal,  but  with  tools  applied 
at  about  an  angle  of  thirty  degrees  with  the  perpendicular,  f 

Slate  is  also  turned  in  the  lathe  with  the  heel  or  hook  tools 

used  for  iron,  and  also  with  ordinary  tools,  used  with  or  without 
the  slide  rest,  which  are  however  rapidly  blunted  when  applied 
superficially :  it  is  much  tougher  at  the  ends  or  edges  of  the 

lamina-  than  at  the  flat  sides.  Slate  has  been  recently  worked 
into  chimney-pieces,  and  a  variety  of  objects  for  internal  decora- 

tion, which  are  ornamented  by  a  patent  process,  *  in  the  manner 
of  jiujiit  /•  mtic/n-  and  china ;  imitations  of  marbles  and  granite  are 
thus  made  at  about  one-third  the  prices  of  marble.  Some  of  the 

*  In  Sir  John  Soane's  museum  there  is  a  magnificent  sarcophagus  of  stalagmite, 
.used  of  Belzoni  for  one  thousand  guineas ;  and  there  are  also  fine  specimens 

in  the  Egyptian  Gallery  in  the  British  Museum. 

t  The  process  of  sawing  slate  appears  rather  crushing  than  cutting,  or  a  trial  of 
strength  between  the  tool  and  the  slate,  as  the  latter  is  carried  up  to  the  saw  by 
machinery,  and  cannot  recede  from  the  instrument;  the  saw  is  sharpened  about 
four  times  a  day,  and  is  worn  out  in  about  two  months.  The  planing  tools  fur 

common  slabs  are  six  inches  wide,  and  when  made  of  the  best  cant-steel  and  pro- 
perly tempered,  they  last  a  day  and  a  half  without  being  sharpened ;  the  jambs 

hiumey-pieces  and  other  mouldings,  not  exceeding  about  six  iuches  wide,  are 
planed  with  figured  tools  of  the  full  width. 

:  Iu  MU  ted  by  MoMra.  Magnus  &  IV.  I 'in.  ho  >  slat.-  Works. 
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substances  known  to  mineralogists  as  slates  are  exceedingly  hard, 
and  vary  from  the  hardness  2£,  to  that  of  flint  or  7.  Many 
varieties,  including  the  Turkey  oilstones,  are  used  for  sharpening 
tools ;  and  this  family  also  includes  the  touchstones  formerly 

used  in  assaying  gold.* 

SERPENTINE,    POTSTONE,    STEATITE    (3i). 

These  are  natural  compounds  of  magnesia  and  silica,  they 

are  generally  worked  immediately  on  being  raised,  being  then 
much  softer,  but  with  the  evaporation  of  their  moisture  they 
assume  the  general  hardness  of  marble.  The  serpentine  and 
steatite  are  found  abundantly  in  Cornwall ;  serpentine  is  often 

called  green  marble,  and  by  the  Italians  Verde  de  prato,  it  is 
much  used,  but  some  of  the  serpentines  will  not  polish  well. 

Potstone  is  an  inferior  variety  of  serpentine ;  in  Germany  it  is 
abundantly  turned  into  various  domestic  articles  in  common  use, 
whence  its  name. 

Steatite  is  called  soapstone  from  its  smooth  unctuous  feel,  and 

when  first  raised  may  be  scratched  with  the  finger-nail,  but  it  be- 
comes nearly  as  hard  as  the  others.  A  variety  of  steatite  is  carved 

by  the  Chinese  into  images  employed  as  household  gods,  and  is 

named  figure-stone ;  until  lately,  it  was  supposed  to  be  a  prepa- 
ration of  rice.  Steatite  enters  into  the  composition  of  porcelain. 

MARBLES,    LIMESTONES    (3|). 

The  term  marble  is  applied  by  the  mason  to  any  of  the  ma- 
terials that  he  employs,  which  admit  of  being  polished ;  but  the 

mineralogist  designates  thereby  the  compact  carbonates  of  lime 
variously  coloured.  The  principal  kinds  worked  in  the  ornamental 

arts,  are  the  white  or  statuary  marble  from  Italy,  a  variety  of 
coloured  marbles,  principally  from  Devonshire  and  Derbyshire, 

*  The  moulds  for  Mr.  Henning's  exquisite  models  of  the  baa-reliefs  of  the  frieze 
of  the  Parthenon,  and  other  antique  marbles,  are  sunk  in  intaglio  in  the  blue  slate. 

In  reference  to  the  choice  of  this  material  Mr.  Henning  says :  "  Giving  my  son, 
Samuel,  a  lesson  in  arithmetic,  I  found  him  idling  and  drawing  faces  upon  his  slate. 

I  handed  him  one  of  my  gravers,1  desiring  him  to  engrave  one  of  his  little  sketches  : 
I  had  previously  done  about  eighteen  pieces  of  the  frieze  in  ivory  in  relief  one- 

twentieth  the  full  size."  The  thought  was  immediately  followed,  and  the  lost 
portions  of  the  originals  were  restored  with  great  happiness  and  skill  by  engraving 
them  in  intaglio  in  slate,  although  for  his  works  to  be  appreciated,  the  original  casts 
from  the  slate  should  be  seen,  and  not  their  pirated  copies  obtained  from  plaster 
moulds,  which  it  is  to  be  regretted  deprive  the  artist  of  his  merited  reward. 
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the  black  bituinin.iu>   marble  from    Derbyshire,  \\nles,  and 

various  parts  of  Ireland.* 
The  marblei  are  turned  with  a  bar  of  tlte  best  cast  steel,  about 

two  feet  long,  and  five-eighths  of  an  inch  square,  drawn  down  at 

i  end  to  a  taper  point,  about  two  inches  long,  and  temper.-.! 
.•fir  ;  this  point  is  rubbed  on  two  opposite  sides 

i  sandstone,  and  held  to  the  marble  at  an  angle  of  twenty  or 

thirty  degrees  ,  tin-  tool  soon  gets  dull,  and  must  be  again  rubbed 
the  samUtone,  (a  bit  of  Yorkshire  flag,)  to  sharpen  it,  water 

should  i  Imp  on  the  marble  to  prevent  the  tool  from  becoming 

•ed   and  losing  its  temper.     The   point  will  keep  getting 
•in-  by  constant  grinding,  till  it  forms  a  kind  of  chisel  an 
th  of  an  inch  wide,  after  which  it  will  require  drawing  out 

again.     For  cutting  in  the  mouldings,  a  more  delicate  point  is 

1,  and  these  are  the  only  tools  employed  ;  a  flat  tool  will  not 
turn  marble  at  all. 

The  black  marble  is  subjected  to  several  processes  of  embel- 
lishment referred  to  at  foot.f 

*  The  Society  of  Arts  has  a  good  collection  of  marbles.  See  also  the  note  on 
page  172,  respecting  the  Museum  of  Economic  Geology. 

t  Black  marble  is  etched  with  various  figures,  imitative  of  Etruscan  vases,  and 
Egyptian  hieroglyphics  :  this  is  done  after  the  work  is  polished.  All  the  parts  to 
be  preserved  are  pencilled  over  with  a  varnish,  in  which  colouring  matter  is  ground 
that  the  artist  may  see  his  progress,  mastic  varnish,  with  vermilion  or  flake  white 
will  answer :  the  uncovered  surface  of  the  marble  is  dissolved  with  any  diluted 
mineral  acid,  and  the  muriatic  is  perhaps  the  best,  the  acid  is  washed  off  with  water, 
and  the  varnish  is  removed  with  turpentine,  after  which  the  etching  appears  of  a 

dull  grey,  upon  a  bright  black -ground. 
Another  method  which  does  not  destroy  the  polish,  and  in  which  a  bronzy-white 

U  given,  is  considered  to  be  the  removal  of  the  colouring  matter  alone.    Its  effect  is 
far  more  beautiful,  but  the  method  is  not  divulged  by  the  few  artists  who  practise  it. 

Some  works  in  black  marble  are  engraved  with  an  ordinary  graver,  such  as  would 
used  for  copper  or  steel  plates,  and  the  graver  is  also  employed  conjointly  with 
etching  and  discolouring  processes  above  referred  to. 

By  scratching  the  marble  with  a  hard  steel  point  it  produces  a  kind  of  crcam- 
•,  and  by  slighter  scratching  a  fainter  shade,  by  these  means  pretty  landscape* 

produced ;  but  these  delicate  touches  soon  lose  their  colour,  by  acquiring  a 
polish,  if  wiped  for  the  removal  of  the  dust,  such  specimens  should  be 

en-fore  kept  under  glass. 
Black  marble  is  also  commonly  selected  for  inlaid  works,  known  by  the  name 

i  Dura  ;  the  device,  whether  flowers,  a  running  pattern,  or  any  other  is 

Ira w u  upon  the  marble,  and  out  in  very  carefully  with  a  chisel  and  mallet ;  thin 

pieces  of  the  various-coloured  marbles  and  stones  of  nearly  the  same  hardness,  are 

Itted  accurately  into  the  spaoes  and  cemented  with  shell-lac  ;  after  which  the  whole 
•  polished  off  together.     When  the  stones  thus  inlaid  differ  materially  from  the 
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Many  of  the  limestones,  although  chemically  like  the  marbles, 
are  less  compact,  and  therefore  do  not  readily  admit  of  being 
polished;  of  these  may  be  noticed  the  Bath  stone  and  other 

oolites,  which  are  aggregations  of  egg-shaped  particles,  like  the 
roes  of  fish ;  when  first  raised  they  may  be  cut  very  readily  with 

an  ordinary  toothed  saw,  and  turned  with  great  freedom.  The 
Maltese  stone,  of  which  many  beautiful  turned  and  carved  works 
were  recently  sold  in  London,  belongs  likewise  to  this  group ;  it 

is  very  compact,  and  nearly  as  soft  as  chalk,  from  which  in  fact 
it  scarcely  differs  in  any  respect  except  in  its  delicate  brown 

cream-colour ;  the  natives  of  the  island  of  Malta  display  consi- 
derable taste  in  the  objects  turned  and  carved  in  this  limestone. 

FLUOR  SPAR  (4). 

Is  a  natural  combination  of  lime  and  fluoric  acid,  and  the  work- 
able variety  is  peculiar  to  Derbyshire,  where  the  art  of  turning 

it  is  carried  to  great  perfection.  The  most  costly  varieties  are 
the  deep  blue  and  purple,  found  only  at  Castleton  in  that  county. 
Fluor  being  an  aggregation  of  crystals,  all  having  a  fourfold 

cleavage,*  is  very  difficult  to  turn,  as  the  laminae  are  easily  split ; 
few  even  of  the  best  workmen  can  turn  it  into  very  thin  hollow 
articles ;  the  following  is  the  process. 

The  stone  is  first  roughed  out  with  a  point  and  mallet.  Then 
heated  till  it  will  readily  frizzle  yellow  resin  which  is  applied  all 

over  it ;  this  penetrates  about  one-eighth  of  an  inch  and  holds 
the  crystals  together.  It  is  next  rough-turned,  and  a  little 
hollowed ;  it  is  again  heated  and  resined,  and  turned  still  more 
into  form,  then  it  is  bound  round  with  a  thin  wire,  and  again 
resined,  and  so  on  till  it  is  sufficiently  thin  to  show  the  colours, 
it  is  then  resined  for  the  last  time,  and  polished  in  the  same 

manner  as  marble ;  but  the  process  is  more  difficult,  and  ulti- 
mately but  very  little  resin  remains  in  the  surface  of  the  work. 

The  only  tool  used  is  the  steel  point. 
The  blue  colour  of  fluor  is  often   so  intense  that  the  works 

marble  in  hardness,  the  soft  wear  away  too  readily,  and  the  hard  too  slowly,  so  as  to 
prevent  a  plane  uniform  surface  from  being  produced ;  some  judgment  is  therefore 

required  in  then-  selection. 

*  This  is  easily  seen  in  the  cubical  crystals  of  common  fluor  spar,  of  which  any 
of  the  angles  can  be  very  readily  split  off  with  the  penknife,  leaving  a  triangular 
facet ;  the  eight  angles  give  four  pairs  of  parallel  cleavages,  and  when  sufficiently 
pursued  they  convert  the  cube  of  fluor  into  the  octohedron,  its  primary  form. 
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ran  ii'.'  l>e  wrought  thin  enough  to  show  it:  when  this  is  the  case 
tin*  atone  ia  very  gradually  heated  in  an  oven  until  it  become* 

i  ly  mi-hot,  when  the  blue  changes  to  an  amethystine  colour. 
at  care  is  required,  for  if  suffered  to  remain  too  long  the 

colour  would  entirely  disappear.  The  white  and  lighter  kinds 
of  fluor  are  not  worth  one- tenth  of  the  value  of  the  blue,  but  are 
wrought  in  the  same  manner  for  commoner  works. 

FREESTONES,    SANDSTONES  (6   7). 

Iii  the  introduction  to  this  chapter,  some  remarks  were  given 
intended  to  explain  the  various  structural  differences  between 

tla-M-  snl»tances,  and  those  noticed  in  the  following  group. 
-tone  is  a  term  commonly  applied  by  the  mason  to  such 

of  the  sandstones  used  for  building  purposes  as  work/ree/y  under 

the  tools;  namely,  the  stone-saw,  a  smooth  iron  blade  fed  with 

I  sand  and  water,  and  the  ordinary  picks  and  chisels, 
 \\hieh  are 

too  familiar  to  require  more  than  to  be  named.  The  freestones 

are  frequently  turned  into  balustrades,  pedestals  and  vases,  in 
the  modes  next  adverted  to. 

Sandstones,  from  their  relatively  slight  cohesion,  may  be 
turned  with  the  point  tool  used  for  marble,  although  in  the 

workshop,  the  grindstone  is  commonly  turned  with  an  old  file 

drawn  down  for  some  two  or  three  inches  to  about  one-eighth 
of  an  inch  square,  and  held  downwards  upon  the  rest  at  the 

angle  of  20  or  30  degrees ;  it  is  rolled  over  and  over,  which 

continually  produces  a  new  point;  the  stone  is  then  smoothed 

\\ith  a  flat  piece  of  iron  or  steel,  or  rubbed  with  a  broken  lump 

of  another  grindstone. 

PORPHYRIES,    ELVAN8,    GRANITES    (6 — 7). 

The  division  and  preparation  of  the  softest  of  the  former 

materials,  namely  clay,  can  be  accomplished  by  the  hands  alone; 
in  others,  as  alabaster  and  slate,  with  the  ordinary  toothed 

saws;  and  for  those  of  a  harder  nature,  the  stone-saw  fed  with 
sand  and  water,  is  an  economical  mode  of  dividing  them  with 

great  exactness  and  little  waste,  from  their  original  forms  to 
tho>e  in  which  they  are  ultimately  required,  and  which  is 
greatly  facilitated  In  the  structure  of  such  as  occur  in  stratified 
beds;  but  the  use  of  the  stone-saw  may  be  considered  to  cease 
with  the  sandstones. 
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Different  and  far  more  troublesome  methods  of  working  are 

necessary  with  those  materials  now  to  be  considered,  that  are 
much  harder,  and  in  which  the  existence  of  stratification  is 
considered  but  rarely  and  imperfectly  to  exist ;  namely,  in  the 

compact  and  cemented  porphyries,  principally  from  Egypt  and 

Sweden  ;  the  crystalline  granites,  abundant  in  Devonshire,  Corn- 
wall, and  Aberdeenshire,  and  the  elvans  of  Cornwall,  which  latter, 

and  some  other  varieties,  appear  to  merge  from  the  porphyries 

to  the  granites,  are  used  for  similar  purposes,  worked  by  the 

same  means,  and  ask  for  an  intermediate  position.* 

"  In  converting  the  rude  masses  of  granite  to  their  intended 
forms,  the  line  of  the  proposed  division  is  first  marked,  and  holes 
from  two  to  three  inches  deep,  and  four  to  six  inches  asunder^ 
are  bored  upon  this  line,  by  means  of  an  iron  rod  terminating 

at  each  end  in  chisel-formed  edges  of  hardened  steel,  with  a  bulb 
in  the  middle  to  add  weight ;  this  tool,  called  a  jumper,  is  made 

*  The  harder  crystalline  rocks  last  referred  to,  rarely  occur  in  stratified  beds, 
although  a  remarkable  case  has  of  late  years  been  found  to  exist  in  the  Foggintor 

Quarry,  worked  by  the  Haytor  Granite  Company,  on  Dartmoor,  the  subjoined 

particulars  of  which  have  been  kindly  communicated  to  me  by  William  Johnson, 

Esq.,  who  read  a  paper  before  the  British  Association  at  Plymouth,  1841,  on  the 

Railways  and  Machinery  connected  with  this  interesting  work.  See  the  Report  in 

the  Atherueum,-p.  654. 

"  The  distinct  beds  of  the  Foggintor  Quarry  follow  pretty  nearly  the  natural 
slope  of  the  hill,  and  are  thicker  and  more  nearly  horizontal  the  deeper  they  are 

situated.  The  beds  are  intersected  by  heads  or  natural  joints,  which  are  nearly 

perpendicular  fissures,  (sometimes  solid  seams,)  of  unknown  depth,  that  separate 

the  horizontal  floor  of  the  quarry  into  irregular  figures,  and  the  continuity  of  the 

beds  is  often  broken  at  the  different  headings.  The  quarry,  in  some  parts  100  feet 

high,  is  worked  in  benches,  or  like  a  huge  irregular  flight  of  steps. 

"  In  detaching  the  masses  of  granite  rock  from  their  natural  beds,  the  points  of 
least  resistance  are  first  determined  by  an  experienced  eye,  and  holes  are  sunk  at 

those  points,  vertically  or  inclined  as  circumstances  may  require  :  the  diameters 

of  these  holes  vary  according  to  the  mass  and  the  amount  of  resistance ;  and  their 

depths  according  to  the  thickness  of  the  blocks  to  be  detached. 

"  The  holes  are  made  with  an  iron  rod,  terminating  at  foot  in  a  chisel-formed 
edge  of  hardened  steel ;  the  tool  is  held  by  one  man,  who  changes  its  position  at 

every  blow  received  from  sledge-hammers  worked  by  other  men  who  stand  around. 

When  the  holes  are  thus  made  sufficiently  deep,  they  are  charged  with  gunpowder. 

in  order  to  effect  a  separation  of  the  mass  by  blasting,  the  ordinary  process  of 
tampiug  confines  the  powder,  and  the  fuse  communicates  the  blast.  The  art  of 

the  quarryman  consists  in  placing  the  blast,  (or  shot,)  where  the  smallest  amount 

of  powder  will  remove  the  largest  mass  of  rock  with  the  least  breakage,  simply 

dislodging  or  turning  it  over  ready  for  converting.  Three  and  even  five  thousand 

cubic  feet  have  been  removed  by  one  discharge." 
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•i  otic  spot,  it  rebounds,  mid  is  partially  twisted  round 

to  present  the  edge  continually  in  a  ditl'erent  angular  position  ; 
in  this  manner  a  MTV  expert  workman  will  bore  about  a  hun- 

dred holes  in  a  day.  livery  one  of  the  holes  is  then  filled  with 

two  half-round  pieces  of  iron  called  feathert,  with  fin  iron  poii; 
wedge  between  them ;  the  wedges  are  progressively  and  equally 
dri\vn  until  the  stone  splits,  and  the  fissure  will  be  in  general 

ieratcly  flat,  even  should  the  mass  be  four  or  six  feet  thick, 
although  in  such  cases  the  holes  are  sometimes  continued  round 

tin  ends  also." 

"  The  scouterg,  the  next  class  of  men,  employ  the  jumpers' 
hers  and  wedges  for  removing  any  large  projections,  by 

1 1. .ring  holes  sideways,  and  thus  casting  off  large  flakes;  the 
fpalders  employ  heavy  axe-formed  or  muckle- hammers,  for 
spalling  or  scaling  off  smaller  flakes ;  and  the  scabblers  use  heavy 
pointed  picks,  and  complete  the  conversion,  so  far  as  it  is  effected 

at  the  quarry,  ready  for  the  masons  employed  in  erecting  the 
buildings  for  which  the  blocks  are  used,  who  complete  their 

formation  on  the  spot."  All  these  materials  are  likewise  used 
in  the  ornamental  arts. 

Porphyry  is  worked  in  the  lathe  with  remarkable  perfection, 
and  many  excellent  specimens  from  Sweden,  of  vases,  slabs, 
pestles  and  mortars,  and  bearings  intended  for  the  gudgeons  of 

heavy  machinery  may  be  seen  in  London.*  I  learn  that  these 
objects  are  first  worked  as  nearly  as  possible  to  the  required 

forms  with  the  pick,  are  then  mounted  in  lathes  driven  by 
\\atcr  power,  and  finished  by  grinding  them  with  other  lumps 
of  porphyry,  supplied  with  emery  and  water;  the  machinery  is 
kept  going  day  and  night,  and  the  gangs  of  men  relieve  one 
another  at  certain  intervals. 

Granite  is  incapable   of  being  turned  in   the  lathe :    it  is 

*  Various  works  in  porphyry  are  contained  in  the  Polytechnic  Exhibition, 
Regent  Street.  Amongst  them  is  a  table  fire  feet  ten  inches  diameter,  tastefully 

inlaid  with  a  great  number  of  pieces  of  various  colours ;  the  pedestal  is  fluted  with 

great  exactness,  apparently  by  mechanism  :  it  is  said  the  construction  of  the  table 

occupied  five  men  during  seren  years.  The  sum  asked  for  it  is  500/. 

The  Emperor  of  Russia  had  four  splendid  rases  of  porphyry  6ve  or  six  feet  high, 

two  of  which  he  gave  to  the  Duke  of  Devonshire ;  these  are  at  Chauworth  House. 

This  manufacture  has  in  a  very  few  years  converted  the  barren  valley  in  which 

the  porphyry  is  found,  to  a  scene  busy  with  the  hum  of  industry. 

The  Saloon  of  Egyptian  Antiquities,  British  Museum,  contain*  various  sculpture* 

in  porphyry,  the  work  of  almost  inconceivable  labour  and  perseverance. 
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therefore  treated  like  porphyry,  that  is,  shaped  with  heavy  picks, 

and  finally  with  smaller  points  used  with  a  hammer ;  it  is  after- 
wards ground  with  circular  or  reciprocating  motion,  according 

to  the  figure,  by  means  of  iron  plates  fed  with  sharp  sand,  next 

with  emery,  progressively  finer  and  finer,  upon  wooden  rubbers, 
the  endways  of  the  grain ;  and  lastly,  the  polish  is  perfected 

with  felt  rubbers  and  crocus.  The  process  is  tedious  and  diffi- 
cult from  the  unequal  hardness  of  the  particles ;  in  this  respect 

granite  is  inferior  to  porphyry. 

Of  late  years  numerous  vases  and  other  circular  and  orna- 
mental objects  have  been  admirably  executed  in  polished  granites 

and  elvans,  which  occur  of  various  colours  and  degrees  of  hard- 
ness ;  when  decomposed  they  are  friable,  and  furnish  the  china 

stones  extensively  used  as  one  of  the  materials  for  porcelain  and 

china,  and  also  for  making  very  refractory  crucibles.* 

AGATE,  JASPER,  CHALCEDONY,  CARNELIAN,  ETC.  (7). 

Are  all  composed  of  silex  nearly  pure ;  they  break  in  general  with 
a  conchoidal  fracture,  and  to  divide  them  into  plates  it  is  necessary 
to  resort  to  the  lapidary  process.  They  may  be  slit  with  emery, 
but  it  is  far  more  economical  to  employ  diamond  powder,  as  the 

time  then  required  is  only  one  third  of  that  called  for  when  emery 

*  Four  beautifully  polished  granite  columns  may  be  seen  in  the  King's  Library, 
British  Museum ;  and  in  the  Museum  of  Economic  Geology,  there  are  also  many 
ornamental  polished  works  in  granites,  elvans,  marbles,  serpentines,  &c.,  and 
likewise  six  inch  cubes  of  a  great  variety  of  the  same,  and  of  numerous  other 

building  stones,  collected  under  the  "  Commission  appointed  to  visit  the  Quarries, 
and  to  inquire  into  the  qualities  of  the  stone  to  be  used  in  building  the  New 

Houses  of  Parliament."  The  various  materials  are  most  elaborately  detailed  in  the 
Parliamentary  Report  of  the  Commission,  together  with  every  information  respecting 
cost,  supply,  and  transport ;  the  dates  of  various  buildings  in  which  the  stones  have 
been  used,  and  remarks  on  their  present  states  of  preservation  :  followed  by  the 
chemical  and  physical  examination  of  the  stones,  and  other  points  which  concern 

the  civil  engineer,  architect,  and  builder,  to  whom  the  report  would  appear  to  be 
almost  invaluable.  Ultimately  four  varieties  of  magnesian  limestone  were  selected 
for  the  erection  of  the  national  edifice. 

The  Museum  of  Economic  Geology  also  contains  a  most  interesting  series  of 
specimens  of  all  the  metallic  ores  found  in  Great  Britain  and  Ireland ;  and  in 

many  instances  there  are  associated  with  them  geological  maps  and  models  of  the 

mines,  working  models  of  the  machinery  for  mines,  and  also  specimens  explanatory 
of  the  various  processes  of  manufacture  from  the  ore  to  the  marketable  metal. 
For  an  infant  museum  it  is  most  rich,  interesting  and  instructive. 

The  Institution  of  Civil  Engineers  also  has  a  collection  of  granites. 
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is  used;  these  stones  are  always  ground  with  emery,  and  polished 
with  rotten-stone,  as  will  be  explained  in  tlir  third  volume. 

•c  is  used  :is  the  hearing  planes  for  the  knife  ed'_'es  ot 
delicate  balances,  for  pestles  and  mortars,  burnishers  for  gilders, 
and  hook  hinders,  and  also  for  some  other  purposes  in  the  mecha- 

I  arts;  the  whole  of  the  stones  in  this  group  are  largely 
employed  for  the  purposes  of  jewellery,  the  handles  of  knives, 
snuff-boxes,  and  a  variety  of  ornaments. 

TOPAZ  (8).       SAPPHIRE,  RUBY  (9). 

These  may  be  split  with  plane  surfaces  through  their  natural 
cleavages,  and  which  method  is  continually  employed ;  otherwise, 
they  can  he  only  slit  with  the  diamond  powder.  The  first 
and  similar  stones  may  be  smoothed  with  emery,  but  emery 

being  in  hardness  only  equal  to  9,  produces  but  little  effect 
upon  topaz,  upon  sapphire  and  ruby  it  is  almost  inert,  and  on 
diamond  quite  so ;  the  sapphire  and  ruby  and  also  diamonds 
arc  therefore  always  polished  with  diamond  powder. 

On  account  of  the  peculiar  interest  attached  to  the  mechanical 
applications  of  the  hard  gems,  it  is  proposed  to  depart  a  little 
from  the  subject  and  order  of  these  pages,  to  advert  to  some  few 
of  their  uses,  which  may  not  be  generally  understood.  The 

sapphire,  the  ruby  and  also  the  diamond,  are  commonly  used  for 

the  construction  of  certain  parts  of  the  best  time-pieces  and 
watches,  such  as  the  pivot-holes,  pallets,  and  other  parts  of  the 

'oments. 

Figa.  58.  e  d  69 

Fiu'-  5$  represents  npon  a  true,  although  very  enlarged  scale, 
the  jewelled  pivot-hole  for  the  verge,  or  the  axis  of  the  balance  of 
n  marine  chronometer,  a  is  the  hardened  steel  pivot,  which  is 

tumed  with  a  tine  cylindrical  neck,  and  made  convex  at  the  end  ; 

the  jewelling  consists  mostly  of  two  stones,  the  one,  commonly 
sapphire  or  ruby,  is  turned  to  the  form  of  the  black  figure  b, 
that  is.  convex  above  and  concave  heneath,  of  two  different 
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sweeps,  to  thin  it  away  at  the  part  where  it  is  to  be  pierced  with 
the  hole,  and  which  is  made  a  little  smaller  in  the  middle  to 
lessen  the  surface  bearing. 

The  other,  which  is  called  the  "  top-stone  "  or  "  end-stone,"  is 
generally  a  ruby,  in  the  form  of  a  plano-convex  lens,  or  else  it 
is  a  diamond  cut  into  facets ;  the  flat  side  of  this  touches  the 

end  of  the  pivot. 
Each  stone  is  burnished  into  a  brass  or  steel  ring,  like  some  of 

the  lenses  of  telescopes,  and  the  two  stones,  (separated  a  slight 
distance  for  the  retention  of  oil  by  capillary  attraction,)  are  inlaid 

in  a  counter-sunk  recess,  c,  d,  in  the  side  plate,  or  other  part  of 
the  watch,  and  retained  therein  by  two  side  screws  as  represented, 
although  unimportant  variations  are  made  by  different  artists  in 

the  shapes  and  proportions  of  the  parts. 
The  delicacy  of  these  jewelled  holes  will  be  imagined,  when  it 

is  added  that  in  the  axis  above  referred  to,  the  side  plate  e,  e,  is 

only  one-tenth  of  an  inch  thick ;  the  rings  from  c,  to  d,  one-sixth, 
and  the  pivot  the  one  two-hundredth  part  of  an  inch  diameter;  in 
pocket-watches,  and  more  particularly  the  flat  Geneva  watches, 
these  measures,  especially  the  first  two,  are  amazingly  reduced^ 
although  the  same  number  of  parts  are  nevertheless  employed  in 
every  hole  that  is  jewelled. 

The  wire  for  making  the  pendulum  springs  for  chronometers, 
is  sometimes  drawn  through  a  pair  of  flat  rubies  with  rounded 
edges,  as  represented  in  fig.  59 ;  the  stones  are  cemented  into 

the  ends  of  metal  slides  having  screw  adjustments,  not  repre- 
sented. Sometimes  two  pairs  of  rubies  are  placed  one  before 

the  other,  to  constitute  a  rectangular  hole  of  variable  dimensions, 
for  equalizing  the  wire  both  in  width  and  thickness. 

Rubies  and  other  gems,  are  drilled  with  holes  conical  from 
both  sides,  as  in  fig.  60,  for  drawing  the  slender  silver  gilt,  and 
silver  wires  used  in  the  manufacture  of  gold  and  silver  lace ;  the 

wires  are  afterwards  flattened,  wound  spirally  upon  silk,  and  then 
woven  into  the  lace.  Ruby  holes  are  also  employed  for  rounding 

the  leads  of  ever-pointed  pencils ;  but  for  this  use  they  are  cham- 
fered from  the  one  side  only,  and  the  lead  is  pushed  through  from 

the  small  side,  the  ruby  is  then  used  as  a  cutting  tool ;  whereas  the 

hole  in  the  draw-plate  is  slightly  rounded  upon  the  ridge,  and  acts 
more  as  a  burnisher  or  compresser ;  the  action  of  the  wire,  which 
is  pulled  through  in  the  direction  of  the  arrow,  tends  to  draw 
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thr  stone  more  firmly  into  its  seat.  The  finest  holes  of  all,  are 

made  by  barely  allowing  tin-  point  of  the  drill  to  penetrate  into 
the  apex  of  the  conical  hole,  previously  formed  on  the  opposite 

vide  (if  tin-  ruby. 
All  these  applications  are  adopted  on  account  of  the  very 

great  hardness  of  the  stone,  but  they  could  scarcely  exist  were 
there  not  one  substance  still  harder  than  the  ruby  to  serve  for 
the  tools  by  which  these  several  forms  are  wrought,  and  the 
brief  consideration  of  which  will  now  be  proceeded  with. 

DIAMOND  (10). 

The  diamond  is  the  hardest  substance  in  nature,  and  in 

common  with  some  other  crystalline  bodies,  it  is  harder  at  the 
natural  angles  and  edges,  and  also  at  the  natural  coat  or  skin  of 
the  stone  than  within,  or  in  its  general  substance.  Its  peculiar 
hardness  is  probably  altogether  due  to  its  highly  crystalline  form, 
as  by  analysis  the  diamond,  charcoal,  and  plumbago,  are  found 
to  be  nearly  identical :  the  first  is  absolutely  pure  carbon,  the 

others  are  nearly  so.* 
The  principal  use  of  the  diamond  is  for  jewellery,  its  prepara- 

tion for  which  will  be  touched  upon  in  the  slightest  possible 
manner ;  but  from  its  peculiar  hardness  the  diamond  fulfils  some 
more  really  important  although  less  brilliant  services  as  tools, 
without  which  several  curious  and  highly  valuable  processes 
must  be  altogether  abandoned,  and  others  accomplished  in  an 
inferior  although  more  costly  manner  by  other  means. 

The  diamond  is  prepared  for  the  purposes  of  jewellery  by  three 

•  Its  analogy  to  these  and  other  combustible  bodies  was  inferred  by  Sir  Isaac 
Newton,  owing  to  the  highly  refractive  power  of  the  diamond ;  this  has  been 

subsequently  proved ;  although  as  a  combustible  body  it  submits  alone  to  the  action 

of  the  oxy-hydrogen  blowpipe,  before  which  it  is  dissipated  in  carbonic  acid  gas. 
The  high  refractive  power  of  the  diamond  has  led  to  its  employment  for  the  con- 

struction of  small  lenses  for  single  microscope*,  because  compared  with  glass  lenses 
of  the  same  focal  length,  the  diamond  requires  much  less  curvature  of  surface,  it 

therefore  a.lmit*  of  the  employment  of  a  larger  pencil  of  rays,  and  gives  more  light 
The  ruby,  sapphire,  and  garnet,  have  the  same  properties  in  inferior  degrees,  )mt 
the  heterogeneous  structure  of  these  jewels  baa  caused  their  employment  as  lenses 

to  bo  abandoned.  Set  article  Microscope,  in  the  Penny  Cyclopedia ;  also  Pritchard's 
works  on  the  Microscope. 

The  numbers  upon  the  Scale  of  Chemical  Equivalents  for  Diamond  and  Quartz 
have  been  very  recently  pronounced  to  be  alike ;  this  has  opened  a  wide  field  for 



176          WORKING   THE    DIAMOND.      THE    GLAZIERS*    DIAMOND. 

distinct  processes,  namely  splitting,  cutting  and  polishing, 
which  will  be  adverted  to  in  a  very  few  lines.  In  order  to 

split  off  the  portions  not  required,  the  stone  is  fixed  in  a  ball 
of  cement,  about  as  large  as  a  walnut,  the  line  of  division 
is  sawn  a  little  way  with  a  pointed  diamond  fixed  in  another 
ball  of  cement,  and  the  stone  is  afterwards  split  with  the 

blunted  edge  of  a  razor  struck  with  a  hammer;  the  small 

fragments  removed,  when  they  are  too  small  for  jewellery,  are 
called  Diamond  bort. 

In  cutting  diamonds,  two  stones  are  operated  upon  at  once  ; 
they  are  cemented  in  the  ends  of  two  sticks,  which  are  supported 
on  the  edges  of  a  box  three  or  four  inches  wide,  rested  against 
two  pins  as  fulcra,  and  forcibly  rubbed  against  each  other ;  by 
which  means  they  abrade  each  other  in  nearly  flat  planes  and 
remove  a  fine  dust  called  diamond  powder,  which  falls  through  the 
fine  holes  in  the  bottom  of  the  box,  and  is  there  collected. 

The  diamonds  are  lastly  polished  npon  an  iron  lap  or  skive, 

charged  with  diamond  powder,  the  stone  being  guided  mechani- 
cally ;  it  is  fixed  by  soft  solder  in  a  copper  cup,  or  dop,  attached 

by  a  stout  copper- wire  to  the  end  of  the  pincers,  a  flat  board 
terminating  at  the  other  extremity  in  two  feet,  which  rest  upon 
a  fixed  support,  the  whole  forming  a  long  and  very  shallow 
triangular  stool,  loaded  at  the  end  near  the  stone.  In  the  last 

two  processes  the  stone  is  re-adjusted  for  producing  every 

separate  facet.*  We  will  now  proceed  to  the  applications  of 
the  diamond  as  tools. 

The  invaluable  instrument,  the  glazier's  diamond,  although  em- 
ployed for  a  considerable  period,  was  for  the  first  time  investigated 

scientifically  by  Dr.  Wollaston  in  1816,f  who  pronounced  its 
operation  to  depend  upon  a  peculiarity  of  crystallization  in 
the  diamond,  the  facets  of  which  are  frequently  round  instead 
of  flat,  and  therefore  the  edges  are  circular  instead  of  straight. 

The  rounded  edge  first  indents  the  glass,  and  then  slightly 

separates  its  particles,  forming  a  shallow  fissure,  with  a  split- 

*  The  reader  will  find  an  excellent  account  of  splitting,  cutting,  and  polishing, 
diamonds,  read  by  the  late  Mr.  Edmund  Turrell  before  the  Royal  Institution,  and 

published  by  him  in  Gill's  Technological  Repository,  1827,  p.  1,  &c.  The  subject 
is  also  noticed  in  Mawe's  Treatise  on  Diamonds,  2nd  Edition,  p.  67. 

f  See  Transactions  of  the  Royal  Society,  1816,  p.  265.  Transcribed  by  Turrell 

with  additions,  at  pp.  66 — 8,  of  Gill's  Tech.  Rcpos.,  1827. 
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:  illii-r    tl.uii    ii    fiittinu'   arli.ui,    none  of  tin-  matt-rial 

ivmoved.* 
a 

The  primitive  form  of  the  diamond  IB  that  of  a  regular  octohedron  which  is 
ited  in  fig.  01  ;  it  is  like  two  square  pyramids  joined  base  to  base;  the  four 

aides  of  the  pyramids  meet  at  the  angle  of  90°,  their  bases  at  the  angle  of  109°  or 
thereabout*.  Many  of  the  diamonds  merge  from  the  form  of  the  octohedron,  into 
that  of  the  sphere,  or  a  very  long  egg,  in  which  cases  although  a  disposition  to  the 

development  of  the  six  points,  each  formed  by  the  meeting  of  four  surfaces,  exists* 
they  are  curiously  twisted  and  contorted.  The  Count  de  Bournon  has  published 
upwards  of  one  hundred  forms  of  crystallisation  of  the  diamond,  but  the  irregular 

octahedrons  with  round  facets  are  those  proper  for  glaziers'  diamonds. 
The  extreme  point  of  any  diamond  may  be  employed  to  tcratch  glass  with  a 

broad  white  streak,  and  detach  its  particles  in  a  powder,  but  such  glass  will  break 
with  difficulty,  (if  at  all,)  through  such  a  scratch ;  whereas  the  almost  invisible 
fissure,  made  when  the  rounded  edge  is  slid  over  the  glass  with  but  slight  pressure 
and  almost  without  causing  any  sound,  is  that  which  produces  the  effective  cut  ; 
and  the  cut  or  split  thus  commenced  will  be  readily  extended  through  the  entire 
thickness  of  the  glass,  when  the  extremities  of  the  sheet  are  bent  with  the  fingers 
or  appropriate  nippers. 

If  wo  could  obtain  a  diamond  in  the  form  of  a  circular  button,  the  edges  of  which 
were  turned  to  the  angle  of  90  or  100  degrees,  it  would  be  the  perfection  of  the 

••Jtrumcnt,  as  there  would  be  then  no  point  to  interfere  with  its  action,  and  any 
part  of  its  edge  might  be  used.     But  as  the  natural  diamond,  unaltered  by  the 

•rtisan,  is  always  employed,  it  must  be  so  applied  upon  the  glass,  that  one  of  its 
•wed  edges  bears  upon  the  intended  line  of  division  of  the  glass,  and  with  the 

me  point  just  out  of  contact,  this  in  so  small  an  object,  necessarily  confines 
the  position  within  very  narrow  limits. 

The  patent  swivel  diamond  ensures  the  one  condition,  by  placing  the  edge  of  the 
•toe  upon  the  line  of  the  cut,  and  a  few  trials  at  different  elevations,  generally 

•       i  70  to  80  degrees,  will  soon  give  the  other  position.    At  the  commencement 
lit  force  is  applied,  until  the  stone  appears  to  bite  or  hang  to  the  glass ;  it  is 

then  drawn  steadily  along,  with  but  little  pressure,  and  the  good  cut  will  be 
scarcely  cither  seen  or  heard. 

To  rhow  that  the  diamond  possesses  nothing  in  itself  that  should  adapt  it  to 
flatting  glass,  beyond  its  peculiar  form  and  hardness,  Dr.  Wollaston  succeeded  with 
great  labour  in  giving  the  same  form  to  the  ruby,  the  spinel  ruby,  topaz,  and  rock 

errata!,  with  all  of  which  likewise  he  effected  the  cutting  of  glass,  but  they  were 
of  course  far  less  economical  than  the  natural  angle  of  the  diamond  itself,  which 
requires  no  such  tedious  preparation,  and  lasts  very  much  longer. 

It  must  not  be  supposed  however,  the  diamond  endures  for  ever,  the  ordinary 
painter  and  glazier  may  use  one  diamond  throughout  his  lifetime,  by  having  it 
TO!  IT 
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The  following  figures  represent,  say  two  or  three  times  mag- 
nified, the  forms  of  diamonds  that  would  be  most  proper  for 

various  tools,  but  it  will  be  remembered  they  are  only  selected 

as  near  to  the  respective  shapes  as  they  can  be  found,  either 

amongst  imperfect  diamonds,  or  from  fragments  split  off  good 
stones  in  the  first  stage  of  their  manufacture  for  jewellery ;  these 

Figs.  64.  65.  66.  67.  68.  69.  70.  71.  72.  73.  74. 
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pieces  are  known  as  diamond  bort.  The  diamonds  are  mostly 
fixed  in  brass  wires,  by  first  drilling  a  shallow  hole  for  the 
insertion  of  the  stone,  which  is  embedded  slightly  below  its 

largest  part,  and  the  metal  is  pinched  around  it.  Shell-lac  is 
also  used  for  cementing  them  in,  and  spelter  or  tin  solders  may 

be  fused  around  them  with  the  blow-pipe,  but  pinching  them  in 
annealed  brass  is  preferred. 
When  diamond  tools  larger  than  those  made  of  crystals  or 

thin  splinters  are  required,  diamond  powder  is  applied  upon 
metal  plates  and  tools  of  various  forms,  which  serve  as  vehicles, 
and  into  which  the  particles  of  diamond  powder  are  embedded, 
either  by  slight  blows  of  the  hammer,  or  by  simple  pressure. 

In  the  construction  of  the  jewelled  holes  represented  in  fig.  58, 

and  in  similar  works,  the  rubies  and  sapphires,  although  some- 
times split,  are  more  commonly  slit  with  a  plate  of  iron  three  or 

four  inches  diameter,  mounted  on  a  lathe,  and  charged  on  the 

edge  with  diamond  powder  and  oil.  When  sliced,  they  are 
ground  parallel  one  at  a  time  on  a  flat  plate  of  copper  (generally 

a  penny-piece),  mounted  on  the  lathe,  and  into  the  turned  face 
of  which  small  fragments  of  diamond  have  been  hammered,  this 

is  called  a  roughing  mill ;  a  similar  plate  with  finely  washed 
diamond  powder  is  used  for  polishing  them. 

The  rubies  are  afterwards  cemented  with  shell-lac,  on  the  end 

re-set  to  expose  other  angles ;  but  in  some  glass  works,  where  enormous  quantities 
of  this  useful  material  are  cut  up,  the  consumption  of  diamonds  amounts  to  one  and 
two  dozens  or  upwards  every  week,  as  the  sides,  from  being  convex,  become  rapidly 
concave,  and  the  principle  is  lost. 
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I  siuall  brass   chuck,  turned   cylindrical  on   their  edges,  I 

1 1 led   for  buniisliiuir  into   the   metal  rings.     They  are  also 
turned  concave  and  convex  on  their  respective  fnccs,  the  turning 
tool  being  a  fragment  or  splinter  of  diamond,  fixed  in  a  brass 

"in-;  ti::.  t'.  1    represents  the  Hat  view,  and  65  the  edge  view  of 
a  tool,   but  of  the  form  more  usually  selected  for  turning 

hardened  steel,*  namely,  an  egg-shaped  diamond  split  in  two, 
the  circular  end  being  used  with  the  flat  surface  upwards ;  the 
watch  jeweller  uses  any  splinter  having  an  angular  corner  f- 

In  drilling  the  rubies  they  are  chucked  by  their  edges,  and  a 
splinter  of  diamond,  aNo  mounted  in  a  wire  is  used;  should  the 
drill  be  too  conical,  the  back  part  is  turned  away  with  a  diamond 

to  reduce  it  to  the  shape  of  fig.  60,  and  from  the  crystalline 
nature  of  the  stone,  some  facets  or  angles  always  exist  to  cause 
the  drill  to  cut.     The  holes  in  the  rubies  are  commonly  drilled 

at  two  processes,  or  from  each  side,  and  are  afterwards 

iied  with  a  conical  steel  wire  fed  with  diamond  powder. 
In  producing  either  very  small,  or  very  deep  holes,  a  fine  steel 

wire,  fig.  67,  is  used,  with  diamond  powder  applied  upon  the 
end  of  the  same,  the  limit  of  fineness  being  the  diameter  to 
which  the  steel  wire  can  be  reduced. 

In  drilling  larger  holes  in  china  and  glass,  triangular  frag- 
ments of  diamond  are  fixed  in  the  cleft  extremity  of  a  steel  wire, 

as  in  figs.  68  and  69,  either  with  or  without  shell-lac.  Another 
common  practice  of  the  glass  and  china  menders,  is  to  select  a 

tolerably  square  stone,  and  mount  it  as  in  fig.  70  in  the  end  of 
a  taper  tin  tube,  which  wears  away  against  the  side  of  the  hole 
so  as  to  become  very  thin,  and  by  the  pressure,  to  embrace  the 
atone  by  the  portions  intermediate  between  its  angles  J. 

*  A  process  employed  by  the  late  Sir  John  Barton,  ace  foot  note,  page  42. 
t  The  conrtx  surfaces  of  the  rubies  are  polished  with  concart  grinders  of  the 

same  sweeps ;  the  first  of  copper,  the  next  glass,  and  the  last  pewter,  with  three 
sizes  of  diamond  powder,  which  is  obtained  principally  from  Holland,  from  the 

:..•  •)  who  cut  diamonds  for  jewellery,  an  art  which  ismore  extensively  followed  in 
that  country  than  elsewhere.  The  watch  jewellers  wash  this  powder  in  oil,  after 
the  same  manner  that  will  be  hereafter  explained  in  regard  to  emery. 

t  The  stone  is,  from  time  to  time,  released  by  the  wearing  away  of  the  metal, 
but  these  workmen  are  dexterous  in  remounting  it ;  and  that  the  process  is  neither 

difficult  nor  tedious  to  those  accustomed  to  it,  is  proved  by  the  trifling  sum  charged 

for  repairing  articles,  even  when  many  of  the  so-called  rivets  or  rather  staples  are 
cemented  in ;  they  employ  the  upright  drill  with  a  cross  staff 
A  similar  diamond  drill  mounted  in  brass,  was  used  by  Mr.  Ellis,  with   the 

N     '2 
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For  larger  holes,  metal  tubes  such  as  fig.  7 1,  fed  with  diamond 

powder,  are  used ;  they  griiid  out  an  annular  recess,  and  remove 
a  solid  core ;  copper  and  other  tools  fed  with  emery  or  sand 

may  be  thus  used  for  glass,  marble,  and  various  other  substances. 

The  same  mode  has  been  adopted  for  cutting  out  stone  water- 
pipes  from  within  one  another  by  the  aid  of  steam  machinery. 

Fig.  72  represents  the  conical  diamond  used  by  engravers  for 

the  purpose  of  etching,  either  by  hand,  or  with  the  various 
machines  for  ruling  etching  grounds ;  for  ruling  medals,  and 

other  works.  Conical  diamonds  are  turned  in  a  lathe  by  a  frag- 
ment of  another  diamond,  the  outside  skin  or  an  angle  being 

used,  but  the  tool  suffers  almost  as  much  abrasion  as  the  conical 

point,  from  their  nearly  equal  hardness ;  therefore  the  process  is 
expensive,  although  when  properly  managed  entirely  successful. 

To  conclude  the  notice  of  the  diamond  tools,  figs,  73  and  74 
show  the  side  and  end  views  of  a  splinter  suitable  for  cutting  fine 

lines  and  divisions  upon  mathematical  instruments.  The  simili- 

tude between  this  and  the  glazier's  diamond  will  be  remarked, 
but  in  the  present  case  the  splinter  is  selected  with  a  fine  acute 
edge,  as  the  natural  angle  would  be  too  obtuse  for  the  purpose. 

Mr.  Ross,  the  inventor  of  the  ingenious  Dividing  Engine 
rewarded  by  the  Society  of  Arts  in  1831,  informs  me  that  with  a 
diamond  point  of  this  kind,  presented  to  him  by  Mr.  Turrell,  he 
was  enabled  to  graduate  ten  circles  upon  platinum,  each  degree 
subdivided  into  four  parts ;  at  the  end  of  which  time  the  diamond, 
although  apparently  none  the  worse,  was  accidentally  broken. 

A  steel  point  would  have  suffered  in  the  graduation  of  only  one- 
third  of  a  single  circle  upon  platinum,  so  as  to  have  called  for 
additional  pressure  with  the  progress  of  the  work,  which  in  so 

delicate  an  operation  is  of  course  highly  objectionable*. 

ordinary  drill-bow  and  breast-plate  for  drilling  out  the  hardened  steel  nipple  of  a 
gun,  which  had  been  broken  short  off  in  the  barrel ;  no  material  difficulty  was 
experienced,  although  the  stone  appeared  to  be  so  slenderly  held. 

*  In  collecting  the  materials  for  this  chapter,  I  have  gratefully  to  acknowledge 

the  assistance  of  J.  Tennant,  Esq.,  Professor  of  Mineralogy,  King's  College,  London; 
Joseph  Hall,  Esq.,  Marble  and  Spar  Works,  Derby,  and  some  others. 

The  workshops  of  the  following  manufacturers,  &c.,  have  also  been  kindly  laid 
open  to  my  inspection  :  Messrs.  Corotti,  Cox,  Dallaway,  Dumenil,  Ellis,  Inderwick, 
Lund,  Magnus,  &c.,  by  these  means  I  have  been  able  to  obtain  the  most  practical 
information  upon  the  several  subjects,  the  principal  difficulty  having  been  to  keep 
the  matter  within  the  limits  required  by  the  nature  of  the  work. 
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CHAPTER    X. 

TMK  MK'I 

SECT.  1. — ARRANGEMENT   
 
OF   THE    SUBJECT. 

THE  numerous  materials  from  the  three  kingdoms  hitherto 

described,  with  but  three  exceptions,  namely,  clay,  horn,  and 
tortoiseshell,  arc  used  in  the  simple  natural  states  in  which  they 
are  found,  without  any  change  of  form  beyond  that  of  reduction, 

as  the  fmi»lir<l  works  are  in  almost  every  case  produced  by 
rutting  or  chipping  away  the  portions  in  excess ;  the  works  are 
consequently  smaller  than  the  rough  masses  from  within  which 

they  are  obtained,  and  the  fragments  cannot  be  re-united 
without  the  aid  of  some  artificial  means,  such  as  screws,  rivets, 
or  cements. 

Several  of  the  substances  now  to  be  considered,  differ  greatly 
from  all  the  foregoing  materials,  by  possessing  in  various  degrees 
of  excellence,  the  properties  of  fusibility,  malleability,  &c.  These 
assist  in  various  ways  in  the  first  separation  of  the  metals  from 
the  earthy  bases  in  which  they  are  found;  also  in  the  perfect 
combination  of  the  smallest  particles,  either  of  one  single  or  of 
different  kinds,  into  solid  masses ;  and  in  the  conversion  of  these 

by  the  agency  of  the  crucible,  the  hammer,  and  various  attendant 
means,  to  that  endless  variety  of  forms  in  which  the  metals  are 

i,  many  of  which  are  merely  a  state  of  part-manufacture  or 

what  may  be  called  a  "  transition  "  stage. 
The  chemist  enumerates  forty-one  different  metals ;  ofthev 

many  are  entirely  confined  to  the  laboratory,  part  are  only  used 
in  the  chemical  arts,  and  those  to  which  I  propose  to  refer  as 

connected  with  our  subject,  are  but  fourteen,  namely,  Antimony, 
:uith,  Copper,  Gold,  Iron,  Lead,  .Mercury,  Nickel,  Palladium, 

Platinum.  Rhodium,  Silver,  Tin,  and  Zinc. 

( )t  t  IICM-,  mercury  is  always  fluid  in  our  latitudes,  and  antimony 
and  bismuth  arc  brittle  metals,  consequently  they  are  not  used 
alone  in  construction, and  pure  nickelalthough  malleable  is  rarely 
so  employed;  subtracting  the>c  reduces  the  number  to  ten. 
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Palladium,  platinum,  and  rhodium  are  principally  used  011 
account  of  their  infusibility  and  resistance  to  acids,  for  a  few 
purposes  connected  with  science ;  their  abstraction  reduces  the 

number  to  seven.  Gold  and  silver  are  mostly  reserved  for  coin, 

and  articles  of  luxury,  so  that  taking  away  these  also,  the 
majority  of  the  works  of  mechanical  art  fall  exclusively  on  five, 
namely,  copper,  iron,  lead,  tin,  and  zinc.  These  five  practical 
metals,  if  the  term  may  be  allowed,  are  again  virtually  extended 
by  an  infinitude  of  combinations,  or  alloys,  principally  amongst 
themselves,  although  with  the  occasional  introduction  of  the 
metals  before  named,  and  some  few  others. 

Of  all  the  metals  however,  iron  is  the  one  to  which  from  its 

manifold  changes  and  adaptations,  and  from  its  abundance,  the 
most  importance  is  to  be  attached ;  so  much  so,  that  were  we 
compelled  to  the  choice,  it  would  be  doubtless  politic  to  sacrifice 

all  the  others  for  its  possession.  It  is  subjected  to  several  of  the 
methods  of  treatment,  common  to  the  other  ordinary  metals, 

and  to  a  variety  of  changes  no  less  important  peculiarly  its  own. 
On  these  several  grounds,  therefore,  the  principal  share  of 

attention  will  be  devoted  to  iron  and  its  several  modifications, 

and  it  is  intended  as  a  general  illustration,  to  commence  with  a 

slight  sketch  of  the  manufacture  of  iron  from  the  ore,  into  cast- 
iron,  wrought  iron,  blistered,  shear,  and  cast-steel ;  and  its  part 
manufacture  for  the  purpose  of  commerce,  into  ingot,  bar,  sheet 

and  wire.  This  will  be  followed  by  its  further  preparation,  by 
forging,  into  some  of  the  elements  of  machinery  and  tools  ;  the 
various  changes  of  hardening  and  tempering,  applied  under  a 

variety  of  circumstances  will  be  then  described. 
It  is  proposed  subsequently  to  consider  the  thirteen  other 

metals,  both  in  their  simple  and  alloyed  states,  which  will  lead 

to  a  general  outline  of  the  methods  of  casting  objects  of  various 
forms,  and  also  of  the  practice  of  soldering,  which  is  dependent 
on  the  fusible  property  of  some  of  the  metals. 

SECT.  II. — THE    MANUFACTURE    OF    CAST    IRON. 

THE  ore  having  been  raised,  the  first  process  to  which  it  is 

subjected  is  called  calcining  or  roasting ;  the  iron-stone  or  raw- 
mine  is  intermixed  with  coal  and  thrown  into  heaps,  commonly 
from  thirty  to  sixty  feet  in  length,  ten  to  sixteen  feet  wide,  and 
about  five  to  ten  feet  high ;  the  heaps  are  ignited  and  allowed  to 



SMELTING    H  UXACB. 

m  themselves  out,  which  takes  place  in  three  or  four  weeks. 

lift  calcines  thr  ore,  and  drive*  oil' a   portion  of  the  \\atcr,  sul- 
nir  and  other  volatile  matters,  after  which  the  ore  is  said  to 

i  itied  ;  this  process  is  also  performed  in  kilns. 

The  smelting  is  generally  performed  in  England  and  Wales 

..ke,  and  tlierefore  another  distinct  part  of  the  mttnufac- 
of  iron  is  the  preparation  of  the  coke,  which  like  torrifyin^ 

ore  is  also  performed  upon  an  enormous  scale  either  in  open 

ips  or  in  kilns,  more  generally  the  former. 

The  smelting  furnace  used  in  South  Wales  is  represented  in 

fig.  75*;  its  height  is  about 
-five  feet,  its  diameter  at 

the  largest  part  or  boshes,  from 
twelve  to  eighteen  feet,  and  it 
terminates  at  the  bottom  in  the 

heai  th,  which  is  originally  a  cube 
of  about  a  yard  on  every  side, 

but  soon  becomes  of  an  irregu- 
lar form  from  the  intensity  of 

the  heat. 

In  mountainous  countries 

Mich  as  Wales,  the  furnace  is 

usually  built  by  the  side  of  a 
hill,  upon  the  summit  of  which 
the  cokeand  mine  are  prepared, 
so  that  they,  along  with  the  due  proportion  of  limestone,  may  be 

wheeled  in  barrows  along  the  bridge  represented,  into  the  mouth 
of  the  furnace.  In  level  countries,  the  charge  has  to  be  dragged 

to  the  filling  place  up  an  inclined  plane,  by  means  of  the  steam 
engine;  a  full  barrow  proceeds  along  the  upper  surface  of  the 

arrhed  at  the  top  it  turns  over,  discharges  its  contents 
into  the  furnace  and  returns  on  the  lower  side,  much  the  same  as 

the  buckets  of  a  dredging  machine  :  there  are  two  such  barrows, 
and  from  their  action  they  are  called  tijyplers :  the  most  general 

plan  h.i-.vevrr,  and  the  best,  is  to  fill  the  furnace  Kv  hand,  a  man 
.^stationed  at  the  top, on  the  plane  provided  for  the  purpose. 

The  furnace  require*,  in   addition  to  the  solid  materials,  an 

•  This  wood-cut  u  reduced  from  fig.  1,  plate  6  of  Mr.  Mushet'a  "  Papers  on  Iron 

>teel ;"  the  exterior  sectional  lines  are  alone  copied,  to  give  a  general  notion  of 
of  the  internal  cavity  and  the  thickneM  of  the  walla. 
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enormous  supply  of  air,  which  is  driven  in  by  blowing  engines 
of  various  constructions,  either  at  the  ordinary  temperature,  or 
in  a  heated  state,  and  at  one,  two,  or  three  sides  of  the  cubical 

hearth  through  appropriate  pipes  or  tuyeres ;  the  fourth  or  front 
side  of  the  hearth,  being  reserved  for  the  dam  stone,  over  which 
the  cinder  or  scoria  flows  in  a  fluid  state,  and  for  the  aperture 

through  which  the  charge  of  melted  iron  is  removed. 
When  the  charge  arrives  at  the  hottest  part  of  the  furnace, 

the  carbon  of  the  fuel  is  considered  to  unite  with  the  oxygen  of 

the  ore,  and  to  escape  in  the  form  of  carbonic  acid  gas,  and  car- 
bonic oxide.  The  lime  serves  as  a  flux  to  fuse  the  clay  and  silex 

of  the  iron-stone  into  an  imperfect  glass  or  scoria ;  and  the 

particles  of  the  metal  now  released,  ooze  out  from  the  iron-stones, 
mix  with  some  of  the  carbon  of  the  fuel,  fall  in  drops  through 

the  fiery  mass,  and  collect  on  the  bed  or  hearth  of  the  furnace ; 
whilst  the  scoria  floats  on  the  surface  of  the  fluid  metal,  and 
defends  it  from  the  air. 

When  the  scoria  has  accumulated  in  sufficient  quantity  to 
reach  a  proper  aperture  in  the  front  of  the  furnace,  it  flows 
away  as  a  constant  stream  of  liquid  lava ;  and  the  furnace  is 
tapped  at  intervals,  to  allow  the  charge  of  metal  to  run  out 
into  channels  formed  in  a  bed  of  sand  for  its  reception  :  it  now 

assumes  the  name  of  crude-iron,  cast-iron,  or  the  pig-iron  of 
commerce,  which  is  a  compound  more  or  less  pure,  of  iron  and 
carbon  in  different  proportions. 

The  choice  of  the  flux  depends  on  the  nature  of  the  ore  or 
mine.  For  argillaceous  ores,  which  are  the  most  common  in 

England,  lime  is  required ;  and  frequently  the  cinders  or  slag 

from  the  fineries  and  forge  are  mixed  with  the  lime.  For  cal- 
careous ores,  like  those  of  the  forest  of  Dean  in  Gloucestershire, 

clay  is  added,  in  order  to  establish  a  similar  train  of  affinities  as 
regards  the  earthy  matters  of  the  ore.  One  of  the  main  objects 
being  to  fuse  all  the  earths  into  a  glass,  so  fluid  as  not  to  detain 

the  globules  of  metal,  from  descending  through  it  to  the  general 
mass  of  fluid  iron  beneath. 

When  the  iron  ores  are  very  pure,  as  the  rich  haematite  ores 
of  Cumberland,  clay  is  introduced  into  the  furnace,  but  these 

pure  ores  are  more  commonly  mixed  in  small  quantities  with  the 
poorer  of  other  districts,  and  are  used  without  being  calcined.  It 

is  fortunate  that  in  this  country  nature  has  generally  supplied  the 
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material^  irou-stoue,  coal,  and  limr,  at  the  same  localities, 

tin  ir  traiiNjiorl  \umld  add  materially  to  the  cost  of 

tin-  |n-.nliit-tn>n  of  this  invaluable  metal.1" 

•  It  will  be  correctly  supposed  that  the  quality  of  the  iron  is  jointly  dependent,  on 
the  nature  of  the  ore,  on  the  due  proportion  of  the  mine,  coke,  and  lime,  introduced 
into  the  furnace,  and  on  their  treatment  whilst  there.  The  products  are  commonly 
distinguished  by  the  names  of  the  localities  at  which  they  are  made,  as  Welsh, 
Staffordshire,  Shropshire,  Yorkshire,  Scotch  Iron.  &c.,  and  likewise  by  the  terms, 

hot,  and  cold,  blast,  and  the  qualities,  1.  2,  and  3.  But  they  may  be  broadly  dis- 
tinguished, as  No.  1,  dark -grey,  or  soft  foundry  iron.  No.  2,  light-grey,  or  stronger 

.  ry  iron,  and  No.  8,  or  mottled  iron,  called  also  white  iron  or  forge  pig.  The 
No.  1  contains  the  largest  portion  of  carbon,  is  the  most  fusible,  and  valuable,  the 
No.  3  is  just  the  reverse.  NOB.  1  and  2  from  various  districts  are  mixed  in  different 

proportions  by  the  iron -founder,  according  to  the  quality  required  in  the  castings. 

No.  3  is  used  for  ship's  ballast,  and  for  the  manufacture  of  wrougbt-iron,  to  the 
alight  sketch  of  which  I  shall  almost  immediately  proceed. 

In  speaking  of  the  dimension  of  blast  furnaces,  Mr.  Mushet  says  at  page  272  : — 

"  The  most  advantageous  maximum  of  capacity  varies  at  different  works.  Those 
in  South  Wales  are  from  15  to  18  feet  in  diameter  at  the  boshes,  or  widest  place, 
and  half  this  diameter  at  the  top  or  filling  place.  The  largest  blast  furnaces  in 

South  Wales— or  perhaps  in  the  world — are  those  at  the  Plymouth  iron  works,  at 
Duffryn  near  Merthyr,  18  feet  diameter  in  the  boshes,  and  9  or  10  feet  at  the  top 

or  filling  place  :  the  height  40  feet.  So  that  their  capacity  is  equal  to  at  least  7000 
cubical  feet,  and  when  at  work,  each  must  contain  at  least  1 50  tons  of  ignited 
materials  for  iron  smelting. 

"  There  are  of  these  enormous  furnaces  3  in  number,  into  which  are  discharged 
per  minute,  at  least  20,000  cubic  feet  of  atmospheric  air,  under  a  pressure  of  1 J  Ib. 

to  the  square  inch. 

"  The  furnaces  in  Staffordshire,  Shropshire,  and  other  parts  of  England,  seldom 
exceed  in  their  widest  parts,  13  or  14  feet  in  diameter  and  from  one-fourth  to  one- 
third  this  diameter  at  the  mouth  or  filling  place. 

At  page  285  Mr.  Mushet  states  as  the  result  of  an  experiment  continued  upon 
one  furnace  for  24  hours,  that  the  following  was  the  supply  and  produce,  namely, 

"  94  barrows  of  coke    ....     each  330  Ib    ....     total  31,020  Ib. 
"  94  barrows  of  iron-stone  ....       860   33,840 
N  94  barrows  of  limestone     ....     120           11,280 

Total  weight  introduced  into  the  furnace     ....       76,140  Ib. 

"  Pig  iron  obtained   13,680 
"Cinder*    ditto   29,304 

42,984  Ib. 

"  Proportion  of  iron  to  cinder  1  Ib  to  21%lb. 
"  Iron  produced  from  iron-stone  40^  per  cent 
"  Lime-stone  included      .     .     30fl, 

"  Iron  for  each  charge    .     .     .     143$lb." 
But  the  general  yield  may  be  considered  from  25  to  30  per  cent  of  the  iron  stone 
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SECTION    III. — THE    MANUFACTURE    OF    MALLEABLE    IRON. 

FORMERLY,  wrought-iron  was  obtained  either  directly  from  the 
ore,  or  from  cast  iron,  by  a  process  still  in  extensive  operation 
abroad,  in  which  wood  charcoal  is  required.  In  1783  and  1784 

Mr.  Cort  took  out  patents  for  the  processes  of  puddling  and 

rolling,  which  have  been  continued  with  successive  improvements, 
and  are  now  conducted  in  the  following  manner. 

The  crude  cast  iron  is  remelted  in  quantities  of  from  half  a  ton 
to  one  ton,  in  a  furnace  called  the  chafery,  or  refinery,  blown 

with  blast ;  it  is  kept  fluid  for  about  half  an  hour,  and  then  cast 
into  a  plate  about  four  inches  thick,  which  is  purer,  finer  in  the 
grain  than  pig  metal,  and  also  much  harder  and  whiter,  it  is 
then  called  refined  metal.  The  plate  when  cold  is  broken  up,  and 
from  two  to  four  hundred  weight  of  the  fragments,  with  a  certain 

proportion  of  lime,  are  piled  on  the  hearth  of  the  puddling  fur- 
nace, which  is  a  reverberatory  furnace  without  blast. 

In  about  half  an  hour  the  iron  begins  to  melt,  and  whilst  it  is 

in  the  semi-fluid  state,  the  workman  stirs  and  turns  it  about  with 
iron  tools ;  he  also  throws  small  ladles  full  of  water  upon  it  from 
time  to  time.  In  this  condition  the  metal  appears  to  ferment, 
and  heaves  about  from  some  internal  change ;  this  is  considered 
to  arise  from  the  escape  of  the  carbon  in  a  volatilised  form,  which 

ignites  at  the  surface  with  spirits  of  blue  flame ;  in  about  twenty 
minutes  the  pasty  condition  gives  way,  and  the  iron  takes  a 
granulated  form  without  any  apparent  disposition  to  cohesion ; 
the  fire  is  now  urged  to  the  utmost,  and  before  the  metal  becomes 

a  stiff  conglomerated  mass,  the  workman  divides  it  into  lumps  or 
balls  of  about  fifty  pounds  in  weight. 

These  balls  are  taken  out  one  at  a  time,  and  shingled,  or  worked 

under  a  massive  helve  or  forge-hammer,  that  weighs  six  or  eight 
tons,  and  is  moved  by  the  steam  engine,  this  compresses  the 
ball,  squeezes  out  the  loose  fluid  matter,  and  converts  it  into  a 

employed.  In  reference  to  the  above  experiment,  (No.  8  of  a  series  of  12,)  Mr. 

Mushct  says  "  that  during  the  24  hours,  in  which  each  of  the  foregoing  experiments 
and  observations  were  made,  the  furnace  was  supplied  with  a  continual  discharge 
of  air  equal  to  2500  cubical  feet  per  minute,  amounting,  in  the  24  hours,  to  3,600,000 

cubical  feet  upon  the  whole,  each  cubic  foot  weighing  555  grains,  we  shall  find  (page 

289)  the  immense  total  quantity  of  1274  tons  of  atmospheric  air  ! "  or  upwards  of 
thirty-seven  times  the  weight  of  all  the  solid  materials  introduced  into  the  furnace. 
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i,  or  short  rudcly-fnrmed  h;ir.  Tin-  bloom  is  thru  raised  to 

tin-  welding  heat  in  a  reheating  furnace,  and  again  passed  under 
the  hammer,  or  through  ̂ roou-d  rollers,  or  it  is  submitted  to 
both  processes,  by  which  it  is  elongated  into  a  rough  bar  called 

No.  1 .  The  .shingling  is  sometimes  performed  by  large  squeezers, 
somewhat  like  huge  pliers,  or  by  roughened  rollrrs  that  also 

serve  to  compress  the  iron  ;  but  the  ponderous  flat-faced  helve 

•  usidered  the  more  effectively  to  expel  the  dross  and  foreign 
matters  from  the  bloom,  and  to  weld  the  same  more  perfectly  at 

:  v  point  of  its  length.  See  Note  Q,  Appendix,  Vol.  II.,  p.  958. 
The  No.  1  ban  are  next  cut  into  short  pieces,  and  piled  in 

groups  of  four  to  six  ;  they  are  again  raised  to  the  welding  heat 
in  a  ivhrating  furnace,  and  passed  through  other  rollers  to  weld 

tin-in  throughout  their  length,  and  reduce  them  to  the  required 
-,  when  the  bars  are  called  No.  2  :  and  sometimes  the  pro- 

cesses of  cutting  and  welding  arc  again  repeated  in  the  manufac- 
ture of  still  superior  kinds  called  No.  3  Iron. 

A  similar  process  of  manufacture  is  still  occasionally  carried 

on,  partly  with  wood  charcoal,  in  place  of  coals  and  coke ;  the 
iron  thus  manufactured,  called  charcoal  iron,  is  much  purer,  but 

it  is  also  more  expensive ;  it  is  sometimes,  by  way  of  distinction, 
left  in  ridges  from  the  hammer,  when  it  is  called  dented  iron. 

Fig.  76. 

The  rollers  or  rolls  of  the  iron  works  are  turned  of  a  variety  of 

forms,  according  to  the  section  of  the  iron  that  is  to  be  produced ; 

in  general  one  pair  is  used  exclusively  for  each  form  of  iron  re- 
quired ;  although  in  the  imaginary  sketch,  fig.  76,  it  is  supposed 

that  the  shaded  portion  represents  the  upper  edge  of  the  bottom 
roll  ;  and  that  the  top  roll,  which  is  not  drawn,  almost  exactly 

ts  the  bottom  one,  with  the  exception  of  the  grooves,  and 
which  are  in  general  tinned  partly  in  each  roll,  in  the  manner 

by  the  black  fij,'ti 
One  pair  will  have  a  series  of  angular  grooves  for  square  iron, 

gradually  less  and  less,  as  a,  b,  c,  fig.  7C,  so  that  the  bar  may  be 
rapidly  reduced  w  it  hoiit  the  necessity  for  altering  the  adjustment 

lie  rolls,  which  would  lose  much  valuable  time  ;  the  flat  1> 
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are  prepared  square,  and  then  flattened  in  grooves,  such  as  that 
at  d ;  round,  or  bolt  iron,  requires  semicircular  grooves  e  ;  but 
round  iron  often  shows  a  seam  down  one  side,  from  the  thin 

waste  spread  out  between  the  rolls  being  afterwards  laid  down 
without  being  welded,  when  the  iron  is  turned  one  quarter  round 

and  sent  again  through  the  rollers ;  therefore  the  best  round 
works  are  mostly  forged  from  square  bars. 

Figs.  /  and  g  are  described  as  angle,  and  T  iron ;  these  are 

particularly  used  in  making  boilers,  the  ribs  of  iron  steam- 
vessels;  also  frames,  sashes,  and  various  works,  requiring  strength 
with  lightness.  Plain  cylindrical  rollers  serve  for  producing 
plate  and  sheet  iron,  which  vary  in  thickness  from  one  inch  to 

that  of  writing-paper,  and  rolls  turned  like  fig.  i,  are  employed 
for  curvilinear  ribbed  plates,  or  the  corrugated  iron,  an  elegant 

application  lately  patented  for  roofs.  Other  rollers  composed  of 
two  series  of  steeled  discs,  placed  upon  spindles,  are  used  to  slit 
thin  plates  of  iron  about  six  inches  wide,  into  a  number  of  small 
rods  for  the  manufacture  of  nails,  and  similar  rods  are  also 

made  of  larger  sizes  called  slit  iron ;  they  always  exhibit  two 

ragged  edges,  and  from  being  tied  up  in  small  parcels,  are  also 
known  as  bundle  iron. 

Figs.  77. 

Figs.  77,  78,  79  and  80,  represent  four  amongst  numerous 
other  sections  of  railway  iron  ;  these  bars  are  produced  in  rollers 
turned  with  counterpart  grooves  ;  as  before,  the  shaded  portions 
represent  fragments  of  the  lower  rollers,  and  the  upper  rollers 
are  supposed  to  occupy  the  spaces  immediately  adjoining  the 
section  of  the  rails.  For  these  also,  three,  four,  or  more  grooves, 

varying  gradually  from  that  of  the  roughly  prepared  bar,  to  that 
of  the  finished  rail,  are  employed,  and  this  in  like  manner  saves 
the  necessity  for  adjusting  the  distance  between  the  rollers 
during  the  progress  of  the  work. 

All  the  foregoing  rolls  are  supposed  to  be  concentric,  and  to 

produce  parallel  bars  and  plates  of  the  respective  sections ;  but 

in  making  fish-bellied  railway  bars,  (no  longer  used,)  taper  plates 
for  coach  springs,  and  similar  tapered  works,  the  rollers  whether 
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plain  or  grooved  arc  turned  eccentrically,  so  as  to  make  the 

\\orks  respectively  thicker  or  deeper  in  the  middle,  as  in  fig.  81 ; 

thi-.  requires  additional  dexterity  on  the  part  of  the  workman  to 
introduce  the  material  at  the  proper  time  of  the  revolution, 
upon  which  it  is  unnecessary  to  enlarge. 

The  general  effect  of  the  manufacture  of  malleable  iron  is 

to  deprive  the  cast-iron  of  its  carbon,  this  is  done  in  the 
puddling  furnace;  the  original  crystalline  structure  gives  way 
to  the  fibrous,  from  the  working  under  the  hammer  and  rollers, 
by  which  every  individual  particle  or  crystal  is  drawn  out  as  it 
were  into  a  thread,  the  multitude  of  which  constitute  the  fibrous 

bar  or  metallic  rope,  to  which  it  has  some  resemblance  except 

in  the  absence  of  twist.  The  rod  may  now  be  bent  in  any 
direction  without  risk  of  fracture ;  and  the  superior  kinds,  even 

when  cold,  may  be  absolutely  tied  in  a  knot,  like  a  rope,  when  a 

sufficient  force  is  applied.* 
Should  it  however  occur  that  the  first  operation,  or  shingling 

process,  were  imperfectly  performed,  the  error  will  be  extended 
in  a  proportional  degree  throughout  the  mass;  which  will  account 
for  the  general  continuance  of  any  imperfection  throughout  the 
bar  of  iron,  or  a  considerable  length  of  the  wire  in  which  the 
reduction  or  elongation  are  further  extended ;  and  to  which 

evil  all  metals  and  alloys,  subjected  to  these  processes  of  elonga- 
tion, are  also  liable. 

Malleable  iron  is  divided  into  three  principal  varieties,  first, 

red-short  iron  ;  secondly,  cold-short  iron  ;  thirdly,  iron  partaking 
of  neither  of  these  evils  ;  and  which  may  be  so  far  denominated 
pure  malleable  iron. 

*  One  of  these  ties  may  be  seen  at  the  Architectural  Society's  Rooms,  Lincoln's 
Inn,  and  another  at  the  Institution  of  Civil  Engineers.  The  bars  of  iron  are  two 
inches  diameter,  and  the  openings  in  the  loops  measure  only  6|  by  34  inches. 

The  cuds  of  the  bars  were  turned  through  each  other  whilst  hot,  forming  circles 
of  about  three  feet  diameter,  and  when  quite  cold  they  were  gradually  drawn  to  this 
small  size  with  the  hydrostatic  press  used  in  proving  chain  cables,  by  the  gradual 

application  of  a  force  equal  to  about  twenty-six  tons.  Considerable  heat  was 
evolved,  sufficient  to  melt  wax  placed  on  the  metal,  and  the  friction  at  the  rubbing 

surfaces  was  so  great  as  fairly  to  brighten  the  metal,  although  a  plentiful  supply 
of  grease  was  applied. 

These  curious  and  fine  specimens  of  iron  were  manufactured  and  tied  at  Messrs. 

•rd.  Davis  it  Ca's  Chain  Cable  Works,  Ebbw  Vale,  South  Wales,  under  the 
direction  of  C.  Mauby,  Esq..  now  Secretary  of  the  Institution  of  Civil  Engineers. 
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The  first  kind  is  brittle  when  hot,  but  extremely  soft  and 
ductile  whilst  cold ;  this  is  considered  to  result  from  the  presence 

of  a  little  carbon.  The  cold-short  withstands  the  greatest  degree 
of  heat  without  fusion,  and  may  be  forged  under  the  heaviest 
hammers  when  hot,  but  it  is  brittle  when  cold ;  this  is  attributed 

to  the  presence  of  a  little  silex.  The  third  kind  is  considered  to 
be  entirely  free  from  either  carbon  or  silex,  &c.,  and  to  be  the 

pure  simple  metal ;  but  in  the  general  way  the  characters  of 
iron  are  intermediate  between  those  described. 

From  one  and  a  half  to  two  tons  of  pig-iron,  have  been  used 
to  produce  one  ton  of  malleable  iron  ;  but  the  average  quantity 

is  now  from  twenty-six  to  twenty-seven  tons  for  each  twenty  tons 

of  produce.  The  No.  3  cast-iron,  called  also  forge  pig,  ballast, 
and  white  cast-iron,  is  the  kind  principally  used,  as  it  contains 
least  carbon,  the  whole  of  which  should  be  expelled  in  the  con- 

version of  the  cast  metal  into  wrought  iron.* 
It  appears  to  be  unnecessary  to  attempt  any  minute  descrip- 

tion of  the  different  marks  and  qualities  of  iron ;  first,  as  these 

descriptions  have  been  minutely  given  in  many  works,  some  of 
which  are  alluded  to  at  the  end  of  this  chapter ;  and  secondly, 
as  in  common  with  most  other  articles,  the  quality  of  iron  governs 

the  price.  The  quantity  used  by  the  amateur  will  be  compara- 
tively inconsiderable,  he  will  be  therefore  disposed  to  ask  for  the 

best  article,  and  to  pay  the  best  price. 
I  will  only  add,  that  little  can  be  known  of  the  character  of 

iron  from  its  outside  appearance,  beyond  that  of  its  having  been 
well  or  ill  manufactured,  so  far  as  regards  its  formation  into 
bars.  The  smith  is  principally  guided  by  the  fracture  when  he 

breaks  down  the  iron,  that  is,  when  the  bar  is  nicked  on  oppo- 
site sides  with  the  cold  chisel,  laid  across  the  anvil  upon  a  strip 

of  iron  near  to  the  cut  that  it  may  stand  hollow,  and  the  blows 

of  the  pane  of  the  sledge-hammer  are  directed  upon  the  cut. 
The  judgment  will  be  partly  formed  upon  the  force  thus 

required  in  breaking  the  iron ;  the  weakest  and  worst  kinds  will 

yield  very  readily,  when  small,  sometimes  even  to  the  blow  of  the 

chisel  alone,  and  will  then  show  a  coarse  and  brilliant  appear- 
ance, entirely  granular  or  crystalline ;  this  iron  would  be  called 

very  common  and  bad.  If,  on  the  other  hand,  the  iron  breaks 

with  difficulty,  and  the  line  of  separation,  instead  of  being  mode- 

•  Pages,  21—23—32,  Mushet. 
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!y  flat,  is  irregular,  or  presents  what  may  be  called  a  hilly 
surface,  the  sides  of  which  have  a  fibrous  structure,  and  a  sort  of 

Lad-coloured  or  a  dull  pry  hue,  this  kind  will  have  a  large  pro- 

portion of  fibre,  which  is  the  very  "  thew  and  sinew"  of  iron, 
and  it  will  he  called  excellent  tou.irh  iron.  Other  kinds  will  be 

intermediate,  and  present  partly  the  crystalline  and  partly  the 
us  appearance,  and  their  relative  values  will  depend  upon 

how  nearly  they  approach  the  one  or  other  character. 
Another  trial  is  the  extent  to  which  iron,  when  slightly  nicked, 

may  he  hent  to  and  fro  without  breaking;  the  coarse  brittle  kind 

will  scarcely  bend  even  once,  whereas  superior  kinds,  especially 
stub,  charcoal,  and  dented  irons,  will  often  endure  manydeflec- 

tion-  Ix-fore  fracture,  and  when  nicked  on  the  outside  only  and 
doubled  flat  together,  will  bend  as  an  arch  and  partly  split  open 
through  the  center  of  the  bar,  somewhere  near  the  bottom  of  the 

cut  made  with  the  chisel,  the  entire  fracture  presenting  the  beau- 

tiful fibrous  appearance,  and  dull  leaden  hue  before  described. — 
See  Appendix,  Note  P,  page  958  of  Vol.  II. 

SECTION    IV. — MANUFACTURE    OF    STEEL. 

STEEL  is  manufactured  from  pure  malleable  iron  by  the  pro- 
cess called  cementation  ;  the  Swedish  iron  from  the  Danneraora 

mines  marked  with  the  letter  L  in  the  center  of  a  circle,  and 

called  "  Hoop  L,"  is  almost  exclusively  used ;  irons  of  a  few 
other  marks  are  also  used  for  second-rate  kinds  of  steel.  The 

bars  are  arranged  in  a  furnace  that  consists  of  two  troughs,  about 
fourteen  feet  long,  and  two  feet  square;  a  layer  of  charcoal 

powder  is  spread  over  the  bottom,  then  a  layer  of  bars,  and  so  on 
alternately  ;  the  full  charge  is  about  ten  tons,  the  top  is  covered 

tir.st  with  charcoal,  then  sand,  and  lastly  with  the  waste  or 
slush  from  the  grind-stone  trough,  applied  wet,  so  as  to  cement 
the  whole  closely  down,  for  the  entire  exclusion  of  the  air. 

A  coal  fire  is  now  lighted  below  and  between  the  troughs ; 
and  at  the  end  of  about  seven  days,  the  bars  arc  found  to  1 
increased  in  weight  the  one  hundred  and  fiftieth  part,  by  an 

absorption  of  carbon,  and  to  present  when  broken,  a  fracture 
more  crystalline,  although  less  shining  than  before.  The  bars, 
when  thus  converted,  are  also  covered  with  blisters,  apparently 

from  the  expansion  of  the  minute  bubbles  of  air  w  ithin  them  ;  this 
gives  rise  to  the  appellation  blistcrcd-st 
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The  continuance  of  the  process  of  cementation  introduces 
more  and  more  carbon,  and  renders  the  bars  more  fusible,  and 

would  ultimately  cause  them  to  run  into  a  mass,  if  the  heat  were 

not  checked ;  to  avoid  this  mischief  a  bar  is  occasionally  with- 
drawn and  broken  to  watch  the  progress;  and  the  work  is  com- 

plete when  the  cementation  has  extended  to  the  center  of  the 
bars ;  the  conversion  occupies,  with  the  time  for  charging  and 

emptying  the  furnace  about  fourteen  days. 
A  very  small  quantity  of  steel  is  employed  in  the  blistered 

state,  for  welding  to  iron  for  certain  parts  of  mechanism,  but 
not  for  edge  tools ;  the  bulk  of  the  blistered  steel  is  passed 
through  one  of  the  two  following  processes,  by  which  it  is  made 
either  into  shear-steel,  or  cast-steel. 

Shear-steel  is  produced  by  piling  together  six  or  eight  pieces 
of  blistered-steel,  about  thirty  inches  long,  and  securing  the  ends 
within  an  iron  ring,  terminating  in  a  bar  about  five  feet  long  by 
way  of  a  handle.  They  are  then  brought  to  a  welding  heat  in  a 
furnace,  and  submitted  to  the  helve  or  tilt  hammer,  which  unites 

and  extends  them  into  a  bar  called  shear-steel,  from  its  having 
been  much  used  in  the  manufacture  of  shears  for  cloth  mills  and 

also  German  steel,  from  having  been  in  former  years  procured 
from  that  country.  Sometimes  the  bars  are  again  cut  and  welded, 

and  called  double-shear  steel,  from  the  repetition. 
This  process  of  working,  as  in  the  manufacture  of  iron,  restores 

the  fibrous  character,  and  retains  the  property  of  welding :  the 
shear  steel  is  close,  hard,  and  elastic ;  it  is  much  used  for  tools, 

composed  jointly  of  steel  and  iron ;  its  superior  elasticity  also 

adapts  it  to  the  formation  of  springs,  and  some  kinds  are  pre- 

pared expressly  for  the  same  under  the  name  of  spring-steel. 
We  are  indebted  to  Mr.  Huntsman  for  the  process  of  manu- 

facturing the  cast-steel,  for  which  he  took  out  a  patent :  he 
justly  attained  a  celebrated  name  for  its  manufacture,  and  his 

process  is  still  followed  almost  without  change.  In  making 

cast-steel,  about  twenty-six  or  twenty-eight  pounds  of  fragments 
of  blistered-steel  selected  from  different  varieties,  are  placed  in  a 
crucible  made  of  Stourbridge  clay,  shaped  like  a  barrel,  and  fitted 
with  a  cover,  which  is  cemented  down  with  a  fusible  lute  that 

melts  after  a  time  the  better  to  secure  the  joining.  Either  one  or 
two  pots  are  exposed  to  a  vivid  heat,  in  a  furnace  like  the  brass- 

founders'  air-furnace,  in  which  the  blistered-steel  is  thoroughly 
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by  the  \vorkiiiai)  in  a  Blowing  state,  and  poured  into  a  mould  of 

iron,  .  nhrr  two  inches  square  for  bars,  or  about  six  by  eight 

inches,  for  rolling  into  sheet  steeL     for  toge  ingots  theoiNitroti 
of  two  or  more  pots  are  run  together  in  the  same  mould,  but  it 

requires  i At  rcmely  great  care  in  managing  the  very  intense  tem- 

,*un\  that  it  shall  hi-  alike  in  both  or  all  the  pots. 
The  ingots  arc  reheated  in  an  open  fire  much  like  that  of  the 

non  forge,  and  are  passed  under  a  heavy  hammer  weighing 
several  tons,  such  as  those  of  iron  works ;  the  blows  are  given 

gently  nt  first,  owing  to  the  crystalline  nature  of  the  mass,  but  .as 
the  iihre  is  eliminated  the  strength  of  the  blows  is  increased. 

Steel  is  red  need  under  the  heavy  hammer  to  sizes  as  small  as 

three-quarters  of  an  inch  square.    Smaller  bars  are  finished  under 
tilt  hammers,  which  arc  much  lighter  than  the  preceding,  move 

considerably  quicker,  and  are  actuated  by  springs  instead  of 
ity  alone  ;  these  condense  the  steel  to  the  utmost.     Rollers 

also  used,  especially  for  steel  of  round,  half-round,  and 
triangular  sections,  but  the  tilt  hammer  is  greatly  preferred. 

Cast-steel  is  the  most  uniform  in  quality,  the  hardest,  and 

altogether  the  best  adapted  to  the  formation  of  cutting  tools,  espe- 
cially those  made  entirely  of  steel;  but  much  of  the  cast-steel 

will  not  endure  the  ordinary  process  of  welding,  but  will  fly  in 
>  under  the  hammer  when  struck. 

Mr.  M  nshet  took  out  a  patent  in  1800,  for  the  manufacture  of 
cast  steel,  by  the  direct  fusion  of  malleable  iron,  charcoal,  and 
other  carbonaceous  agents,  in  the  respective  proportions ;  and 

t!.i>  same  process  was  likewise  extended  to  some  of  the  superior 
'-ties  of  iron  ores,  so  as  to  arrive  at  one  step  from  the  ore  to 
steel ;  but  the  method  appears  to  have  been  only  applicable 

to  limited   and  common  purposes,  and  not  to  have  entered  into 
serious  competition  with  the  ordinary  mode  just  described. 

In  respect  to  steel,  the  same  general  remarks  offered  upon  iron 
ated,  namely,  that  price  in  a  great  measure  governs 

quality.     Steel  when  broken  does  not  show  the  fibrous  character 
of  iron,  and  in  general  the  harder  or  harsher  the  steel,  the  more 

j-ular  or  the  less  nearly  Hat  \\ill  be  its  fracture. 
1 -steel  should  appear  throughout  its  substance  of 

an   uniform  apj>  namely,  crystalline   and  coarse,  much 
like  inferior  iron,  but  with  less  lustre  and  less  of  the  bluish  tint ; 

VOL.   I.  O 
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when  but  partially  converted,  the  film  of  iron  will  be  readily 

distinguished  in  the  center.  The  blistered-steel  when  it  has 
been  once  passed  through  the  fire  and  well  hammered,  assumes 

as  may  be  supposed,  a  much  finer  grain,  as  in  fact  the  operation 
converts  it,  (although  in  the  small  way,)  into  shear  steel. 

Shear  steel  breaks  with  a  much  finer  fracture,  but  the  crystal- 

line appearance  is  still  readily  distinguished.  Cast-steel  is  in 
general  the  finest  of  all  in  its  fracture,  and  unless  closely  in- 

spected, its  separate  crystals  or  granulations  should  be  scarcely 
observable,  but  the  appearance  should  be  that  of  a  fine,  light, 

slaty-grey  tint,  almost  without  lustre. 
The  quality  of  steel  is  considerably  improved,  especially  as 

regards  cutting  tools,  when  after  being  forged  it  is  hammer- 
hardened,  or  well  worked  with  the  hammer  until  quite  cold,  as  this 

tends  to  close  the  "pores  "  and  to  make  the  material  more  dense ; 
above  all  things  excess  of  heat  should  be  avoided,  as  it  makes 

the  grain  coarse  and  shining,  almost  like  that  of  bad  iron,  and 
which  deterioration  can  be  only  partially  restored,  by  good  sound 
hammering  under  a  peculiar  management.  The  particular  degrees 
of  heat  at  which  different  samples  of  iron  and  steel,  bearing  the 
same  name,  should  be  worked,  can  only  be  found  by  trial ;  and  it 

would  be  hardly  possible  to  describe  the  shades  of  difference.* 

*  The  reader  desirous  to  examine  the  several  conditions  of  iron,  from  its  state  of 
ore  to  that  of  cast-steel,  should  visit  the  Museum  of  Economic  Geology  before 
referred  to,  which  contains  a  good  series  of  specimens. 

It  would  have  been  incompatible  with  the  nature  of  this  work  to  have  entered 
more  largely  into  the  manufacture  of  iron  and  steel,  or  to  have  attempted  the  notice 
of  the  various  alloys  of  steel  which  have  received  many  attractive  denominations, 
especially  when  so  much  has  been  already  written  on  the  subject  by  those 
possessing  superior  opportunities. 

Of  all  the  works  published  on  the  manufacture  of  iron  and  steel,  the  one  of  the 

most  grand  importance  is  the  collection  of  Mr.  Mushet's  papers,  which  have 
appeared  in  the  Philosophical  Magazine  at  various  times  subsequent  to  1 798,  and 

were  recently  collected  and  published  by  himself  under  the  title  "  Papers  on  Iron 

and  Steel :"  the  labour  and  research  therein  recorded  are  almost  beyond  belief. 
Of  the  more  brief  and  popular  accounts  of  this  subject,  perhaps  the  best  is  No. 

106  of  the  Library  of  Useful  Knowledge,  "  On  the  Manufacture  of  Iron,"  published 

by  tbe  Society  for  the  Diffusion  of  Useful  Knowledge.  Aikin's  Dictionary  of 
Chemistry  and  Mineralogy,  &c. ;  three  volumes  on  the  Manufactures  in  Metal, 

in  Lardner's  Cyclopedia ;  and  Ure's  Dictionary  of  Manufactures  and  Mines,  contain 
likewise  a  very  large  store  of  information  on  the  metals  generally.  The  reader  will 

also  consult  with  advantage,  Aikin's  "  Illustrations  of  Arts  and  Manufactures," 
and  various  articles  in  the  Encyclopedias,  &c.  Ac. 
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CHAPTER  XI. 

FORGING  IRON  AND  STEEL. 

SECT.    I. — GENERAL    VIEW    OF    THE    PRACTICE    OP    FOROINO 

IRON    AND    STEEL. 

IN  entering  upon  this  subject,  which  performs  so  important 

ul  indispensable  a  part  in  every  branch  of  mechanical  industry, 
is  proposed  first  to  notice  some  of  the  general  methods 

nirsued,  commencing  with  the  heaviest  works,  and  gradually 

sding  to  those  of  the  smallest  proportions.  This  arrange- 
lent  is  principally  adopted  that  the  apparatus,  which  undergo  a 
^responding  change  in  their  kind  and  dimensions,  may  be 
iverted  to. 

After  this,  the  management  of  the  fire,  and  the  degrees  of 

ieat  required  for  various  purposes,  will  be  described ;  and  then 
the  elementary  practice  of  forging  will  be  attempted :  those 

works  made  principally  in  one  piece  will  be  first  treated  of,  and 
afterwards  such  as  are  composed  of  two  or  more  parts,  and  which 
require  the  operation  of  welding. 

The  heaviest  works  of  all,  are  generally  heated  in  air  furnaces 
of  various  descriptions,  some  of  which  resemble  but  greatly 

exceed  in  size  those  employed  in  the  works  where  iron  is  manu- 
factured, and  iu  which  the  process  of  forging  may  be  truly 

;di  red  to  commence  with  the  very  first  blow  given  upon  the 

liall,  as  it  leaves  the  puddling  furnace  for  being  converted  into 
a  bloom. 

At  these  works,  in  addition  to  the  ordinary  manufactures  of 

bar,  plate,  and  hoop  iron  in  all  their  \arirties,  the  hammer-men 

are  employed  in  preparing  masses,  technically  called  "uses," 
h  in.  an  pit  ees  to  be  tued  in  the  const  ruction  of  certain  large 

works,  by  the  combination  or  welding  of  several  of  these  masses. 

A  square  shaft,  to  be  used  at  an  iron-works  in  Wales,  was  made 
by  layiiiir  t<>_  \tcen  square  pieces,  measuring  collectively 
about  twenty-six  inches  square,  and  six  feet  long.  These  were o  2 
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bound  together,  and  put  into  a  powerful  air  furnace,  and  the 
ends  of  the  group  were  welded  into  a  solid  mass  under  the  heavy 
hammer  weighing  five  tons  ;  the  weld  was  afterwards  extended 

throughout  the  length.  The  paddle-shafts  of  the  largest  steam- 
ships are  wrought  by  successive  additions  at  the  one  end,  as 

follows.  A  slab  or  use  is  welded  on  one  side  close  to  the  end, 
and  when  drawn  down  to  the  common  thickness,  the  additional 

matter  becomes  thrown  into  the  length ;  the  next  use  is  then 

placed  on  the  adjoining  side  of  the  as  yet  square  shaft,  and  also 
drawn  into  the  length,  and  so  on  until  the  full  measure  is 

attained.* 
These  ponderous  masses  are  managed  with  far  more  facility 

than  might  be  expected  by  those  who  have  never  witnessed  such 

interesting  proceedings.  First,  the  "  heat"  has  a  long  iron  rod 
attached  to  it  in  continuation  of  its  axis,  to  serve  as  a  "porter" 
or  guide  rod ;  the  mass  is  suspended  under  a  traversing  crane  at 

that  point  where  it  is  nearly  equipoised,  the  crane  not  only  serves 
to  swing  it  round  from  the  fire  to  the  hammer,  but  the  traverse 
motion  also  moves  the  work  endways  upon  the  anvil,  and  small 

changes  of  elevation  are  sometimes  effected  by  a  screw  adjust- 
ment in  the  suspending  chain.  The  circular  form  is  obtained 

by  shifting  the  work  round  upon  its  axis  by  means  of  a  cross 
lever  fixed  upon  the  porter,  and  moved  by  one  or  two  men,  so  as 
to  expose  each  part  of  the  circumference  to  the  action  of  the 
helve ;  this  is  readily  done  as  the  crane  terminates  in  a  pulley, 
around  which  an  endless  band  of  chain  is  placed,  and  the  work 
lies  within  the  chain,  which  shifts  round  when  the  work  is  turned 

upon  the  anvil :  the  precision  of  the  forgings  produced  by  these 
means  is  very  surprising. 
A  similar  mode  of  work  is  adopted  on  a  smaller  scale  for 

*  The  above  remarks  refer  to  the  paddle  shafts  of  engines,  such  as  those  built 

by  Messrs.  Maudslays  for  the  "  Great  Western  "  steam-ship,  consisting  of  three 
pieces  connected  as  usual  by  drag  links.  The  center  piece,  or  middle  length,  was 

12  feet  long,  the  two  outer,  or  the  paddle  shafts,  were  22  feet  long  each,  the  largest 
or  the  central  diameter  was  18  inches,  and  they  tapered  off  to  12  inches  at  the 
smallest  or  the  external  parts,  the  bearings  being  16  and  15  inches  diameter.  The 

collective  weight  of  the  three  pieces  was  near  20  tons,  and  their  value  upwards  of 
a  thousand  pounds  before  they  left  the  forge  of  Messrs.  Acrainans  of  Bristol, 
at  which  they  were  made. 

The  reader  is  here  referred  to  the  account  of  Nasmyth's  Direct  Action  Steam 
Hammer,  now  principally  used  in  forging  heavy  works,  and  to  his  Pile  Driving 
Engine.  See  Notes  Q  and  R,  in  the  Appendix  to  vol.  ii.  pages  958—961. 
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many  of  the  spindles,  shafts,  and  other  parts  of  ordinary 
mechanism,  which  are  forged  under  the  great  hammer,  often  of 

several  bars  piled  t<  id  fay  gated ;  a  suitable  term,  as 

an-  frequently  made  of  a  round  bar  in  the  renter,  and  a 
group  of  bars  of  angular  section,  culled  mitre  iron,  around  the 
•une,  which  are  temporarily  wedged  within  a  hoop,  somewhat 

i  tin-  manner  of  a  faggot  of  wood.  Such  works  are  likewise 
made  of  scrap-iron,  which  consists  of  a  strange  heterogeneous 
medley  of  odd  scraps  and  refuse  from  a  thousand  works,  scarcely 
t  \\ . .  pieces  of  which  arc  alike. 

A  number  of  these  fragments  are  enveloped  in  an  old  piece 

of  sheet  iron,  and  held  together  by  a  hoop,  the  mass  is  raised 
to  the  welding  heat  in  a  blast  or  air  furnace,  and  the  whole  is 

-olidatcd  and  drawn  down  under  the  tilt-hammer  ;  one  long 
bar  that  serves  as  the  porter  being  welded  on  by  the  first  blow. 

mingling   of  the   fibres  in   the    scrap-iron  is  considered 
highly  favourable  to  the  strength  of  the  bar  produced.     The 

ip-iron  is  sometimes  twisted  during  the  process  of  manufac- 
e,  to  lay  all  the  filaments  like  a  rope,  and  prevent  the  forma- 

tion of  spills,  or  the  longitudinal  dirty  seams  found  on  the  surface 
interior  iron. 

Sometimes  the  formation  of  the  scrap-iron  is  immediately 
>llowed  by  the  production  of  the  shafts  and  other  heavy  works 

for  which  it  is  required;  at  other  times  the  masses  are  elongated 

into  bars  sold  under  the  name  of  scrap-iron,  although  it  is  very 
qtu^tiouable  if  all  the  iron  that  is  so  named  is  produced  in  the 
manner  implied. 

The  long  furnaces   are  particularly  well  suited  to  straight 
rorks  and  bars,  but  when  the  objects  get  shorter  and  of  more 

>mple\   figures,  the  open  fire  or  ordinary  smith's  hearth  is 
iployed.     This,  when  of  the  largest  kind,  is  a  trough  or  pit  of 
rickwork  about  six  feet  square,  elevated  only  about  six  inches 
>m  the  ground ;  the  one  side  of  the  hearth  is  extended  into 
vertical  wall  leading  to  the  chimney,  the  lower  end  of  which 
rminatcs  in  a  hood  usually  of  stout  plate  iron,  which  serves  to 

et  the  smoke  from  the  fire.     The  back  wall  of  the  forge  is 

fitted  uith  a  large  cast-iron  plate,  or  a  back,  in  the  center  of 
which  is  a  very  thick  projecting  nozzle  also  of  iron,  perforated 
for  admitting  the  wind  used  to  urge  the  fire;  the  aperture  is 

i  the  tnt/ert. 
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The  blast  is  sometimes  supplied  from  ordinary  bellows  of 

various  forms ;  at  other  times,  as  at  the  Woolwich  dock-yard, 
by  three  enormous  air-pumps,  which  lead  into  a  fourth  cylinder 
or  regulator,  the  piston  of  which  is  loaded  with  weights,  so  as  to 
force  the  air  through  pipes  all  over  the  smithy,  and  every  fire 
has  a  valve  to  regulate  its  individual  blast ;  but  the  more  modern 

and  general  plan  is  the  revolving  fan,  also  worked  by  the  engine, 
the  blast  from  which  is  similarly  distributed. 

In  some  cases  the  cast-iron  forge  back  is  made  hollow,  that  a 
stream  of  water  may  circulate  through  it  from  a  small  cistern ; 

the  water-back  is  thereby  prevented  from  becoming  so  hot  as 
the  others,  and  its  durability  is  much  increased.  In  other  cases 
the  air,  in  its  passage  from  the  blowing  apparatus,  flows  through 

chambers  in  the  back  plate  so  as  to  become  heated  in  its  pro- 
gress, and  thus  to  urge  the  fire  with  hot  blast,  which  is  by  many 

considered  to  effect  a  very  great  economy  in  the  fuel. 
Some  heavy  works  of  rather  complex  form,  such  as  anchors, 

are  most  conveniently  managed  by  hand  forging ;  many  of  these 
require  two  gangs  of  men  with  heavy  sledge  hammers,  each 
consisting  of  six  to  twelve  men,  who  relieve  each  other  at  short 

intervals,  as  the  work  is  exceedingly  laborious.  Their  hammers 
are  swung  round  and  made  to  fall  upon  one  particular  spot, 
with  an  uniformity  that  might  have  suggested  to  the  immortal 

Handel  the  metre  of  his  "  Harmonious  Blacksmith,"  but  not 
certainly  the  melody ;  the  conductor  of  this  noisy,  although 
dumb  concert  so  far  as  relates  to  voice,  stands  at  a  respectful 
distance,  and  directs  the  blows  of  his  assistants  with  a  long 
wooden  wand.  The  Hercules  or  crane,  used  for  transferring 
the  work  from  the  fire  to  the  anvil,  which  is  at  about  the  same 
elevation  as  the  fire  itself,  is  still  retained. 

The  square  shanks  of  anchors  are  partly  forged  under  a 

vertical  hammer  of  very  simple  construction,  called  a  "  monkey" 
It  consists  of  a  long  iron  bar  running  very  loosely  through  an 
eye  or  aperture  several  feet  above  the  anvil,  and  terminating  at 
foot  in  a  mass  of  iron,  or  the  ram.  The  hammer  is  elevated  by 
means  of  a  chain,  attached  to  the  rod  and  also  to  a  drum  over- 

head, which  is  put  into  gear  with  the  engine,  and  suddenly 
released  by  a  simple  contrivance,  when  the  hammer  has  readied 

the  height  of  from  two  to  five  feet,  according  to  circumstances. 
The  ram  is  made  to  fall  upon  any  precise  spot  indicated  by  the 
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wand  ot  tin  foreman,  as  it  has  a  hon/ontal  range  of  - 
inches  from  the  central  position,  and  is  guided  by  two  slight  gye 

>.  hooked  to  tin-  rain  and  placed  at  right  angles;  the  gyes 
hrhl  by  two  men,  who  watch  the  directions  given.     This 
i  nance  is  far  more  effective  than  the  blows  of  the  sledge 

haiiiim •!-.,  and  although  now  but  little  used  is  perhaps  more 
ible  to  such  purposes  than  the  helve  or  lift  hammer,  which 

always  ascends  to  one  height,  and  falls  upon  one  fixed  spot. 

Tin-  square  shank  of  the  anchor,  and  works  of  the  same 
section,  are  readily  shifted  the  exact  quarter  circle,  as  the  sling- 
chain  is  made  with  flat  links,  each  a  trifle  longer  than  the  side 
of  the  square  of  the  work,  which  therefore  bears  quite  flat  upon 

link,  and  when  twisted  it  shifts  the  chain  the  space  of  a 
link,  and  rests  as  before. 

Many  implements  and  tools,  such  as  shovels,  spades,  mattocks 

and  cleavers,  are  partly  forged  under  the  tilt-hammer ;  the  pre- 
paratory processes,  called  moulding,  which  include  the  insertion 

of  the  steel,  are  done  by  ordinary  hand  forging.  The  objects  are 

then  spread  out  under  the  broad  face  of  the  tilt-hammer,  the 

workman  in  such  cases  being  sometimes  seated  on  a  chair  sus- 
pended from  the  ceiling,  and  by  paddling  about  with  his  feet, 

he  places  himself  with  great  dexterity  in  front  or  on  either  side 

of  the  anvil  with  the  progressive  changes  of  the  work ;  the  con- 
cluding processes  are  mostly  done  by  hand  with  the  usual  tools. 

A  similar  arrangement  is  also  adopted  in  tilting  small  sized  steel. 
AVith  the  reduction  of  size  in  the  objects  to  be  forged,  the 

mimlu-r  of  hands  is  also  lessened,  and  the  crane  required  for 
heavy  work  is  abandoned  for  a  chain  or  sling  from  the  ceiling, 

but  for  the  majority  of  purposes  two  men  only  are  required, 

when  the  work  is  said  to  be  two-handed.  The  principal  or  the 

tin-man,  takes  the  management  of  the  work  both  in  the  fire  and 
upon  the  anvil ;  he  directs  and  assists  with  a  small  hammer  of 
from  two  to  four  pounds  weight ;  the  duty  of  his  assistant  is  to 

blow  the  bellows  and  wield  the  sledge-hammer,  that  weighs 
i  about  ten  to  fourteen  pounds  although  sometimes  more, 

and  from  which  he  derives  his  name  of  hammer-man. 

As  the  works  to  be  forged  become  smaller,  the  hearth  is 
gradually  lessened  in  size,  and  more  elevated,  so  as  to  stand 

about  two  and  a  hull'  feet  from  the  ground:  it  is  now  built 
hollow,  «ith  an  arch  beneath  serving  as  the  ash-pit  to  receive 
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the  cinders  and  clinkers.  The  single  hearths  are  made  about 

a  yard  square,  and  those  forges  which  have  two  fires  under  the 
same  hood,  measure  about  two  yards  by  one ;  a  double  trough  to 
contain  water  in  the  one  compartment  and  coals  in  the  other,  is 

usually  added,  and  the  ordinary  double  bellows  are  used  *.  In 
proportion  as  the  hearth  is  more  elevated,  so  is  the  anvil  likewise, 

that  in  ordinary  use  standing  about  two  feet  or  two-and-a-half 
feet  from  the  ground,  its  weight  being  from  two  to  four  hundred- 
weight. 

Numerous  small  works  are  forged  at  once  from  the  end  of  the 
bar  of  iron,  which  then  also  serves  the  office  of  the  porter  required 

for  heavy  masses ;  but  when  the  small  objects  are  cut  off  from 
the  bar,  or  the  pieces  are  too  short  to  be  held  in  the  hand,  tongs 
of  different  forms  are  needful  to  grasp  the  work.  These  are 

made  of  various  shapes,  magnitudes,  and  lengths,  according  to 
circumstances ;  but  the  annexed  figures  will  serve  to  explain 

some  of  the  most  general  kinds,  although  variations  are  con- 
tinually made  in  their  forms,  to  meet  peculiar  cases. 

Figs.  82,  and  83,  are  called  flat-bit  tongs ;  these  are  either 
made  to  fit  very  close  as  in  fig.  83,  for  thin  works,  or  to  stand 

more  'open  as  in  fig.  82,  for  thicker  bars,  but  always  parallel ; 
and  a  ring  or  coupler,  is  put  upon  the  handles  or  reins,  to  main- 

tain the  grip  upon  the  work.  Others  of  the  same  general  form 

are  made  with  hollow  half-rouud  bits ;  but  it  is  much  better 
they  should  be  angular,  like  the  ends  of  fig.  84,  as  then  they 
serve  equally  well  for  round  bars,  or  for  square  bars  held  upon 

their  opposite  angles.  Tongs  that  are  made  long,  and  swelled 
open  behind,  as  in  fig.  84,  are  very  excellent  for  general  purposes, 
and  also  serve  for  bolts  and  similar  objects,  with  the  heads  placed 

*  The  common  bellows  and  rocking  staff  are  too  familiar  to  need  description ; 
bellows  of  the  same  general  construction  iave  also  been  made  round  and  square  ; 

and  amongst  various  others,  are  Street's  patent  bellows,  1815 ;  Jeffries  and  Halley's 
improved  blowing  machine,  rewarded  by  the  Society  of  Arts  in  1819.  See  Trans. 
Vol.  38,  p.  87 ;  but  the  mode  which  is  now  most  generally  used  in  large  works  is  the 
revolving  fan,  first  introduced  for  iron  furnaces  and  forges,  by  Messrs.  Carmichuel, 
of  Dundee.  See  Trans.  Soc.  of  Arts,  Vol.  48,  p.  159.  A  similar  instrument  on  a 

small  scale  is  sold  under  the  name  of  Clark's  Blowing  Machine. 
The  notice  of  the  bellows  of  the  ancient  Egyptians,  the  present  Indians,  Chinese, 

Neapolitans,  and  many  others,  made  of  goat-skins,  bamboos,  wood,  and  other  sub- 
stances, most  of  which  apparatus  consist  of  two  distinct  bellows  worked  alternately, 

some  with  the  hands,  others  with  the  feet,  (the  reservoir  of  our  double  bellows  not 

being  employed,)  might  be  considered  curious  but  rather  misplaced. 
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inwards.     The  ptnc,-r  tongs,  fig.  85,  are  also  applied  to  similar 
useu,  and  serve  for  shorter  bo!1 

Fig.  82. 

Fig.  86,  represents  tongs  much  used  at  Sheffield,  amongst  the 

cutlers;  they  are  called  crook-bit  tongs ;  their  jaws  overhang  the 
side,  so  as  to  allow  the  bar  of  iron  or  steel  to  pass  down  beside 

the  rivet,  and  the  nib  at  the  end  prevents  the  rod  from  being 

displaced  by  the  jar  of  hammering;  these  are  very  convenient. 

I-'ILT.  87,  or  the  hammer  tongs,  are  used  for  managing  works 
punched  with  holes,  such  as  hammers  and  hatchets  ;  as  the  pins 
enter  the  holes,  and  maintain  the  grasp,  they  should  be  made 
stout  and  long,  so  as  to  admit  of  being  repaired  from  time  to 

time,  as  the  bits  get  destroyed  by  the  fire. 

Fig.  88,  or  hoop  tongs,  are  very  much  used  by  ship-smiths, 
for  grasping  hoops  and  rings,  which  may  be  then  worked  either 
on  the  edge,  when  laid  flat  on  the  anvil,  or  on  the  side,  when 

upon  the  beak-iron  :  and  lastly,  fig.  89,  represents  the  smith's 
'•.«,  or  li^ht  tongs,  used  for  picking  up  little  pieces  of  iron,  or 

small  tools  and  punches,  many  of  which  arc  continually  driven 
out  upon  the  ground  in  the  ordinary  course  of  work  ;  they  are 
also  convenient  in  hardening  small  tools. 

In  addition  to  the  hearth,  anvil,  and  tongs,  the  smithy  con- 
^  a  number  of  chisels,  punches,  and  swages  or  striking  tools, 

lied  also  top  and  bottom  tools,  of  a  variety  of  suitable  forms 

ind  generally  in  pairs;  these  may  be  considered  as  redueeil 
>pies  of  the  grooves  turned  in  the  rollers,  and  occasionally 

faces  of  the  tilt-hammers  of  the  iron-works  for  the 
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production  of  square,  flat,  round,  T  form  iron,  angle  iron,  and 
railway  bars,  as  referred  to.  The  bottom  tools  of  the  ordinary 

smith's  shop,  have  square  tangs  to  fit  the  large  hole  in  the  anvil, 
in  using  them  the  fireman  holds  the  work  upon  the  bottom  tool, 
and  above  the  work  he  places  the  top  or  rod  tool,  which  is  then 

struck  by  the  sledge-hammer  of  his  assistant.* 
The  smith  who  works  without  any  helpmate  is  much  more 

circumscribed  as  to  tools,  and  he  is  from  necessity  compelled  to 
abandon  all  those  used  in  pairs,  unless  the  upper  tools  have  some 

mechanical  guide  to  support  and  direct  them.  In  addition  to 
the  anvil  he  only  uses  the  fixed  cutter  and  heading  tools ;  he  may 
occasionally  support  the  end  of  the  tongs  in  a  hook  attached  to 

his  apron-string,  or  suspended  from  his  neck,  whilst  he  applies 
a  hand-chisel,  a  punch,  or  a  name-mark  in  the  left  hand,  and 
strikes  with  the  hammer  held  in  the  right.  The  method  is 

however,  ample  for  a  variety  of  small  works,  such  as  cutlery, 
tools,  nails,  and  small  ironmongery,  which  are  wrought  almost 
exclusively  by  the  hand  hammer. 

Attempts  to  work  small  tilt-hammers  with  the  foot  have  been 
found  generally  ineffective,  as  the  attention  of  the  individual  is 
too  much  subdivided  in  managing  the  whole,  neither  is  his  strength 

sufficient  for  a  continued  exertion  at  such  work;  but  the  "Oliver" 
described  in  note  S  of  the  Appendix  to  Vol.  II.,  page  962,  is  one 
of  the  best  tools  of  this  class. 

For  single  hand-forging,  the  fire  becomes  still  further  reduced 
in  size,  and  proportionally  elevated  from  the  ground  ;  and  this 
being  the  scale  of  work  most  commonly  followed  by  the  amateur, 
a  portable  forge  of  suitable  dimensions,  and  made  entirely  of 
iron,  is  represented  in  fig.  90  ;  the  bellows  are  placed  beneath  the 
hearth  and  worked  by  a  treadle. 

This  forge  is  also  occasionally  fitted  with  a  furnace  for  melt- 
ing small  quantities  of  metal,  and  with  various  apparatus  for 

*  In  fitting  the  hazel  rods  to  the  top  tools,  the  rods  are  alternately  wetted  in  the 
middle  of  their  length,  and  warmed  over  the  fire  to  soften  them ;  that  portion  is 
then  twisted  like  a  rope,  and  the  rod  is  wound  once  round  the  head  of  the  tool,  and 

retained  by  an  iron  ferrule  or  coupler ;  a  rigid  iron  handle  would  jar  the  hand. 
When  these  tools  are  used  for  large  works,  a  square  plate  of  sheet-iron,  with  a 

hole  punched  in  the  middle  of  it,  is  put  on  the  rod  towards  the  tool,  to  shield  the 
hand  of  the  workman  from  the  heat ;  and  it  not  unfrequently  happens  with  such 
large  works  that  the  rod  catches  fire,  and  the  tool  is  then  dipped  at  short  intervals 
in  the  slake  trough  to  extinguish  it. 
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other  applications  of  heat,  such  as  soldering,  either  \\ith  a  small 

chaival  fire,  or  a  lamp  and  blow-pipe,  which  aic  likewise  urged 

with  tin-  bellows.  These  applications,  and  also  that  of  harden- 
ing and  tempering  tools,  which  will  be  severally  returned  to  at 

their  respective  places,  arc  much  facilitated  by  the  bellows  being 
worked  with  the  foot,  as  it  leaves  both  hands  at  liberty  for  the 

management  either  of  the  work  or  fire,  with  the  so-called  fire- 
irons,  which  include  a  poker,  a  slice  or  shovel,  and  a  rake,  in 

addition  to  the  supply  of  tongs  of  some  of  the  former  shown*. 

Fig.  90. 

The  forge  represented  is  sufficiently  powerful  for  a  moderate 

lare  of  those  works  which  require  the  use  of  the  sledge-hammer; 
it  when  the  latter  tool  is  used,  the  anvil  should  not  fall  short 

It  ha*  been  considered  unnecessary  to  represent  any  of  tbo  larger  marl 

>  fcrging,  many  of  which  hare  been  repeatedly  engraved  for  various  popular 
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of  one  hundred  pounds  in  weight ;  and  the  heavier  it  is,  the  less 
it  will  rebound  under  the  hammer. 

SECT.  II.   MANAGEMENT  OF  THE  FIRE,  THE  DEGREES  OF  HEAT. 

THE  ordinary  fuel  for  the  smith's  forge  is  coal,  and  the  kinds 
to  be  preferred,  are  such  as  are  dense  and  free  from  metallic 
matters,  as  these  are  generally  accompanied  with  sulphur,  which 
is  highly  detrimental.  In  London,  the  Tanfield  Moor  coals, 

O        . 

from  the  county  of  Durham,  are  preferred,  and  the  lumps  are 

broken  quite  small  before  use.* 
The  fire  is  sometimes  made  open,  at  other  times  hollow,  or 

like  a  tunnel ;  and  the  larger  the  fire  is  required  to  be,  so  much 
the  more  distant  is  it  situated  from  the  tuyere  iron.  Before 

lighting  the  fire,  the  useful  cinders  are  first  turned  back  on  the 
hearth,  and  the  exhausted  dust  or  slack,  is  cleared  away  from 

the  iron  back  and  thrown  into  the  ash-pit ;  a  fair-sized  heap  of 
shavings  is  then  lighted,  and  allowed  to  burn  until  the  flame  is 
nearly  extinguished,  when  the  embers  are  covered  over  with  the 
cinders,  and  the  bellows  are  urged ;  a  dense  white  smoke  first 

rises,  and-  in  two  or  three  minutes  the  flame  bursts  forth,  unless 
the  fire  be  choked,  when  the  poker  is  carefully  passed  into  the 
mouth  of  the  tuyere.  The  work  is  now  laid  on  the  fire,  and  covered 

over  with  green  or  fresh  coals,  which  are  beaten  around  the  tuyere 
and  the  work,  the  blast  being  continued  all  the  while:  the  whole 
mass  will  soon  be  in  a  state  of  ignition.  A  heap  of  fresh  coals  is 

always  kept  at  the  outside  wall  of  the  fire,  and  they  are  gradually 
advanced  at  intervals  into  the  center  of  the  flame,  to  make  up 
for  those  consumed. 

In  making  a  large  hollow  fire,  after  a  good-sized  fire  has  been 
lighted  in  the  ordinary  way,  the  ignited  fuel  is  brought  forward 

on  the  hearth  to  expose  the  tuyere  iron,  into  the  central  aper- 
ture of  which  the  poker  is  introduced.  A  mass  of  small  wetted 

coal  is  beaten  hard  round  the  poker  to  constitute  the  stock,  the 
magnitude  of  which  will  depend  on  the  distance  at  which  the 
fire  is  required  to  stand  off,  and  a  second  stock  is  also  made 
opposite  the  first,  the  two  resembling  two  hills  with  the  lighted 

*  Copper  is  usually  forged  in  a  coke  fire,  silver  and  gold  in  those  made  of 
charcoal,  but  the  hearths  do  not  materially  differ  from  those  used  for  iron. 

Williams's  compressed  peat  charcoal  has  been  strongly  recommended  on  account 
of  its  freedom  from  sulphur,  one  of  the  greatest  enemies  in  nearly  all  metallurgio 
operations. 
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fuel  lyini;  bet  \vei-n  tin-in  :  tlic  ilural)ility  of  the  fire  will  <ln 
on  the  stocks  In  in^  hard  rammed,  which  for  large  works  is  often 

dour  \\ith  the  sledge-hammer.  The  work  is  now  laid  in  tho 

hollow  just  opposite  the  blast-pipe,  and  covered  on  its  two  sides 
ami  top  \\ith  thin  pieces  of  wood,  and  a  heap  of  wetted  coals  is 
carefully  banked  np  around  the  same,  and  beaten  down  with  the 

slice  or  shovel :  when  carefully  done,  the  heap  is  made  to  assume 
tin  smooth  form  of  an  embankment  of  earthwork.  The  bellows 

are  blown  gently  all  the  time,  and  the  work  is  not  withdrawn 

until  the  wood  is  consumed,  and  the  flame  peeps  through  at  each 
end  of  the  aperture,  so  as  to  cake  the  coals  well  together  into  a 
hard  mass ;  after  which  the  work  may  be  removed  or  shifted 

about  without  any  risk  of  breaking  down  the  fire  *. 
Sometimes  when  a  fire  is  required  only  for  hardening,  the 

centering  of  the  arch  is  made  entirely  of  wood,  either  in  one  or 
several  pieces  :  and  in  this  manner  it  may  be  built  of  any  required 

form,  as  angular  for  knees,  circular  for  hoops,  and  so  on  (although 
such  works  are  usually  done  in  open  fires,  which  resemble  the 

above  in  all  respects,  except  the  covering-in  or  roof) :  small-coal 
is  thrown  at  intervals  into  the  hollow  fire  to  replace  that  which 

is  burned,  and  by  careful  management,  one  of  these  combustible 

edifices  will  last  half  a  day,  or  even  the  entire  day,  without 
renewal.  Occasionally,  the  stock  around  the  tuyere  iron  will 
serve  with  a  little  repair  for  a  second  day,  if  when  the  fire  is 
turned  back  at  night,  that  part  is  allowed  to  remain,  and  the 
fire  is  extinguished  with  water. 

\Vhen  a  small  hollow  fire  is  required,  the  same  general 
methods  are  less  carefully  followed,  and  an  iron  tube,  introduced 
amidst  the  coals,  makes  a  very  convenient  muffle  or  oven  for 

some  purposes. 

In  forging,  the  iron  or  steel  is  in  almost  every  case  heated  to 
a  greater  or  less  degree,  to  make  it  softer  and  more  malleable 
by  lessening  its  cohesion  ;  the  softening  goes  on  increasing  with 
the  accession  of  temperature,  until  it  arrives  at  a  point  beyond 

that  uliirli  ran  be  usefully  employed,  or  at  which  the  material, 

\\lutlnT  ii  >n  or  steel,  falls  in  pieces  under  the  blows  of  the 

•  In  localities  where  wood  ia  scarce,  small  iron  rods  are  placed  around  the 
;val  mass,  often  designated  the  heat ;  the  small  rods  are  first  withdrawn  when 

the  fire  has  burned  up,  to  allow  room  for  the  removal  of  the  work. 
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hammer,  but  which  degree  is  very  different  with  various  mate- 
rials, and  even  with  varieties  bearing  the  same  name. 

Pure  iron  will  bear  an  almost  unlimited  degree  of  heat,  the 

hot- short  iron  bears  much  less,  and  is  in  fact  very  brittle  when 

heated ;  other  kinds  are  intermediate ;  of  steel,  the  shear-steel 

will  generally  bear  the  highest  temperature,  the  blistered-steel 
the  next,  and  the  cast-steel  the  least  of  all ;  but  all  these  kinds, 

especially  cast-steel,  differ  very  much  according  to  the  processes 
of  manufacture,  as  some  cast-steel  may  be  readily  welded,  but 
it  is  then  somewhat  less  certain  to  harden  perfectly. 

Without  attempting  any  refined  division,  I  may  add,  the  smith 

commonly  speaks  of  five  degrees  of  temperature ;  namely — 
The  black-red  heat,  just  visible  by  daylight : 
The  low-red  heat : 

The  bright- red  heat,  when  the  black  scales  may  be  seen  : 

The  white-heat,  when  the  scales  are  scarcely  visible  : 

The  welding-heat,  when  the  iron  begins  to  burn  with  vivid 

sparks. 
Steel  requires  on  the  whole  very  much  more  precaution  as  to 

the  degree  of  heat  than  iron;  the  temperature  of  cast-steel 
should  not  generally  exceed  a  bright-red  heat,  that  of  blistered 
and  shear-steel  that  of  a  moderate  white-heat.  Although  steel 
cannot  in  consequence  be  so  far  softened  in  the  fire  as  iron,  and 
is  therefore  always  more  dense  and  harder  to  forge,  still  from 
its  superior  cohesion  it  bears  a  much  greater  amount  of  hard 

work  under  the  hammer,  when  it  is  not  over-heated  or  burned ; 

but  the  smallest  available  temperature  should  be  always  em- 
ployed with  this  material,  as  in  fact  with  all  others. 

It  has  been  recommended  to  try  by  experiment  the  lowest 
degree  of  heat  at  which  every  sample  of  steel  will  harden,  and  in 
forging,  always  to  keep  a  trifle  below  that  point.  This  proposal 
however  is  rarely  tried,  and  still  less  followed,  as  the  usual 

attempt  is  to  lessen  the  labour  of  forging,  by  softening  the  steel 
so  far  as  it  is  safely  practicable. 

Iron  is  more  commonly  worked  at  the  bright-red  and  the 
white-heats,  the  welding-heat  being  reserved  for  those  cases  in 
which  welding  is  required;  or  others  in  which,  from  the  great 

extension  or  working  of  the  iron,  there  is  risk  of  separating  its 
fibres  or  laminae,  so  as  to  cause  the  work  to  become  unsound  or 

hollow,  from  the  disrupture  of  its  substance  ;  whereas  these  same 
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processes  heini:  carried  on  ;it  the  Melding  temperature,  the 

uould  he  kept  sound,  as  every  blow  would  effect  the  operation 
f  welding   rather  than   that  of  separation.     The  cracks  and 

;ii  iron  are  generally  very  plainly  shown  by  a  differ< 
in  colour  at  the  parts  when   they  ;ire  heated  to  a  dull-red  ;  this 

hod  of  trial  is  often  had  recourse  to  in  examining  the  sound- 
ness both  of  new  and  old  forgings. 

NVhen  a  piece  of  forged  work  is  required  to  be  particularly 

id,  it  is  a  common  practice  to  subject  every  part  of  the  mate- 
rial in  succession  to  a  welding  heat,  and  to  work  it  well  under 

the  hammer,  as  a  repetition  of  the  process  of  manufacture  to 

en  Mire  the  perfection  of  the  iron  :  this  is  technically  called,  taking 
a  heat  over  it,  in  fact,  a  heat  is  generally  understood  to  imply 

the  welding  heat.  For  a  two-inch  shaft  of  the  soundest  quality, 
two  and  a  half  inch  iron  would  be  selected,  to  allow  for  the 
reduction  in  the  fire  and  the  lathe;  some  also  twist  the  iron 

before  the  hammering  to  prevent  it  from  becoming  "  spilly." 
The  use  of  sand  sprinkled  upon  the  iron  is  to  preserve  it  from 

absolute  contact  with  the  air,  which  would  cause  it  to  waste  away 
from  the  oxidation  of  its  surface,  and  fall  off  in  scales  around  the 

anvil.  If  the  sand  is  thrown  on  when  the  metal  is  only  at  the 

full  red  heat,  it  falls  off  without  adhering;  but  when  the  white- 
heat  is  approached,  the  sand  begins  to  adhere  to  the  iron,  it 
next  melts  on  its  surface,  over  which  it  then  runs  like  fluid  glass, 

and  defends  it  from  the  air  ;  when  this  point  has  been  rather 
exceeded,  so  that  the  metal  nevertheless  begins  to  burn  with 

vivid  sparks  and  a  hissing  noise  like  fireworks,  the  welding  tem- 
perature is  arrived  at,  and  which  should  not  be  exceeded.  The 

sparks  are  however  considered  a  sign  of  a  dirty  fire  or  bad  iron, 
aa  the  purer  the  iron  the  less  it  is  subject  to  waste  or  oxidation, 
in  the  course  of  work. 

In  welding  two  pieces  of  iron  together,  care  must  be  taken 
that  both  arrive  at  the  welding  heat  at  the  same  moment  ;  it  may 

he  necessary  to  keep  one  of  the  pieces  a  little  on  one  side  of  the 
most  intense  part  of  the  lire,  (which  is  just  opposite  the  blast,) 
should  the  one  be  in  advance  of  the  other.  In  all  cases  a  certain 

amount  of  lime  is  essential,  otherwise  if  the  fire  bo  unnecessarily 

•d,  the  outer  case  of  the  iron  may  be  at  the  point  of  ignition 
before  the  center  has  exceeded  the  red-heat.  In  welding  iron 
to  steel,  the  latter  must  be  heated  in  a  considerably  less  degree 
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than  the  iron,  the  welding  heat  of  steel  being  lower  from  its 

greater  fusibility,  but  the  process  of  welding  will  be  separately 
considered  under  a  few  of  its  most  general  applications,  when 

the  ordinary  practice  of  forging  has  been  discussed,  and  to  which 
we  will  now  proceed. 

SECT.  III. — ORDINARY    PRACTICE    OF    FORGING. 

THE  general  practice  of  forging  works  from  the  bar  of  iron  or 
steel,  are  for  the  most  part  included  in  the  three  following 

modes ;  the  first  two  occur  in  almost  every  case,  and  frequently 
all  three  together,  namely, 

By  drawing  down,  or  reduction  : 

By  jumping  or  up-setting,  otherwise  thickening  and  shortening : 
By  building-up,  or  welding. 
When  it  is  desired  to  reduce  the  general  thickness  of  the 

object,  both  in  length  and  width,  then  the  flat  face  of  the  ham- 
mer is  made  to  fall  level  upon  the  work ;  but  where  the  length  or 

breadth  alone  is  to  be  extended,  the  pane  or  narrow  edge  of  the 
hammer  is  first  used,  and  its  blows  are  directed  at  right  angles 
to  the  direction  in  which  the  iron  is  to  be  spread.  To  meet  the 
variety  of  cases  which  occur,  the  smith  has  hammers  in  which 
the  panes  are  made  in  different  ways,  either  at  right  angles  to 

the  handle,  parallel  with  the  same,  or  oblique. 
In  order  to  obtain  the  same  results  with  more  precision  and 

effect,  tools  of  the  same  characters,  but  which  are  struck  with 

the  sledge-hammer  are  also  commonly  used :  those  with  flat 
faces  are  made  like  hammers,  and  usually  with  similar  handles, 

except  that  for  the  convenience  of  reversing  them  they  are  not 

wedged  in ;  these  are  called  set-hammers ;  others  which  have 
very  broad  faces,  are  called  flatters,  and  the  top  tools  with 
narrow  round  edges  like  the  pane  of  the  hammer,  are  called 

top-fullers;  they  all  have  the  ordinary  hazel  rods. 
When  the  sides  of  the  object  are  required  to  be  parallel,  and 

it  is  to  be  reduced  both  in  width  and  thickness,  the  flat  face  of 

the  hammer  is  made  to  fall  parallel  with  the  anvil,  as  repre- 
sented in  fig.  91,  or  oblique  for  producing  taper  pieces  as  in 

fig.  92,  and  action  and  re-action  being  equal,  the  lower  face 
of  the  work  receives  the  same  absolute  blow  from  the  anvil  as 

that  applied  above  by  the  hammer  itself;  it  is  not  requisite 
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therefore  to  present  every  one  of  the  four  sides  to  the  hammer, 

but  any  t 'AM,  at  riu'ht  an-lr^  to  each  other.  In  t \\  i>tin^  t hr 
work  round  the  quarter  circle,  some  practice  is  called  lor,  in 

i-  to  retain    t!,  uvular  section,    and   not   to  allow  it  to 
degenerate  into  the  lozenge  or  rhomboidal  form,  which  error  it 
is  dillieult  to  retrace. 

This  indeed  nmy  be  considered  the  first  stumbling-block  in 
and  one  for  which  it  is  difficult  to  provide  written  rules. 

turse  in  converting  a  round  bar  into  a  square  with  the  ham- 
mer, the  accuracy  will  depend  almost  entirely  upon  the  change 

iy  ninety  degrees  being  given  to  the  work,   and  this 
the  experienced  smith  will  accomplish  with  that  same  degree  of 

ng,  or  intuition,  which   teaches  the  exact  distances  required 

i  the  finger-board  of  a  violin,  which  is  defined  by  habit  alone. 
In  the  original  manufacture  of  the  iron,  the  carefully  turned 

grooves,  a,  b,  c,  of  the  rollers,  page  187,  produce  the  square 

figure  with  great  truth  and  facility;  and  under  the  tilt-hammer 

•  wo  opposite  sides  are  sure  to  be  parallel,  from  the  respective 
parallelism  of  the  faces  of  the  hammer  and  anvil;  and  the- tillers, 
from  constant  practice,  apply  the  work  with  great  truth  in  its 
second  position.  So  that  under  ordinary  circumstances  the 
prepared  materials  are  true  and  square,  and  the  smith  has 

principally  to  avoid  losing  that  accuracy. 
First  he  must  acquire  the   habit  of  feeling  when  the  bar  lies 

perfectly  flat  upon  the  anvil,  by  holding  it  slenderly,  leaving  it 
almost  to  rotate  in   his  grasp,  or  in  fact  to  place  itself.     Next, 

cause  the  hammer  to   fall  flat  upon  the  work ;  with 

which  view  he  will  neither  grasp  its  handle  close  against  the 
i  of  the  hammer,  nor  at  the  extreme  cud  of  the  handle,  but 

at  that  intermediate  point  where  he  finds  it  comfortably  to 
and  from   the  anvil,  with  the  least  effort  of,  or  jar  to  his 
t.     And  the  height  of  the  wrist  must  also  be  such  as  not  to 

*  TbU  IB  only  true  for  work*  of  moderate  dimensions  :  in  largo  masses,  such  as 
^Hton,  the  soft  doughy  state  of  the  metal  acts  as  a  cushion,  and  greatly  Insjsnns 
•b*  recoil  of  the   anvil,  and  on  this  account  such  works  are  presented  to  the 
hammer  on  nil  four  sides.     It  is  also  very  injudicious  in  such  cases  to  continue 

H»  exterior  finish,  or  (xuteriny-of,  too  long,  as  this  extends  the  outer  caie  of  the 

;..  •  il  more  than  the  inner  part,  and  sometimes  separates  the  two.    When  im; 
^Hpogs  are  broken  in  the  act  of  being  proved,  the  inner  bars  are  sometimes  found 

•  be  even  welded  together,  and  the  outside  part  is  a  detached  sheath,  almost 

•he  rind  or  bark  of  a  tree.    See  also  Note  D,  page  460  of  this  volume. 
T 
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allow  either  the  front  or  back  edge  of  the  hammer  face  to  strike 
the  work  first,  which  would  indent  it,  but  it  must  fall  fair  aud 

parallel,  and  without  bruising  the  work. 

Figs.  91.  92.  93. 

It  would  be  desirable  practice  to  hammer  a  bar  of  cold  iron, 
or  still  better  one  of  steel,  as  there  would  be  more  leisure 

for  observation ;  the  indentations  of  the  hammer  could  be  easily 

noticed ;  and  if  the  work,  especially  steel,  were  held  too  tightly, 
or  without  resting  fairly  on  the  anvil,  it  would  indicate  the 

error  by  additional  noise  and  by  jarring  the  wrist :  whereas, 
when  hot,  the  false  blows  or  positions  would  cause  the  work  to 

get  out  of  shape,  without  such  monitorial  indications. 
As  to  the  best  form  of  the  hammer,  there  is  much  of  habit  and 

something  of  fancy.  The  ordinary  hand-hammer  is  represented 
in  figs.  91  and  92,  but  the  Sheffield  cutlers,  and  most  tool 

makers,  prefer  the  hammer  without  a  pane,  and  with  the  handle 
quite  at  the  top,  the  two  forming  almost  a  right  angle,  or  from 

that  to  about  eighty  degrees ;  and  sometimes  the  head  is  bent 

like  a  portion  of  a  circle.  Similar  but  much  heavier  hand- 
hammers,  occasionally  of  the  weight  of  twelve  or  fourteen 

pounds,  are  used  by  the  spade-makers  for  planishing ;  but  the 
work  being  thin  and  cold,  the  hammer  rises  almost  exclusively 
by  the  reaction,  and  requires  little  more  than  guidance.  Again, 
the  farriers  prefer  for  some  parts  of  their  work,  a  hammer  the 
head  of  which  is  almost  a  sphere ;  it  has  two  flat  faces,  one 

rounded  face  for  the  inside  of  the  shoe,  and  one  very  stunted 
pane  at  right  angles  to  the  handle,  used  for  drawing  down  the 

clip  in  front  of  the  horse-shoe ;  in  fact,  nearly  a  small  volume 
might  be  written  upon  all  the  varieties  of  hammers. 

To  return  to  the  forging :  the  flat  face  of  the  hammer  should 
not  only  fall  flat,  but  also  centrally  upon  the  work ;  that  is,  the 
center  of  the  hammer,  in  which  point  the  principal  force  of  the 

blow  is  concentrated,  should  fall  on  the  center  of  the  bar,  other- 
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t  edge  of  the  work  to  which  the   hammer  might  lean 

>uld  hi-  th.  duced,  ami  consequently  the  parallelism  of 
work  would  be  lost.     It  would  also  he   bent   in  respect  to 

igth,  as  the  thinned  edge  would  become  more  elongated,  and 

in  .  convex;  and  when  the  blows  were  irregularly  scattered, 
work  would  become  twisted  or  put  in  winding,  which  would 

a  still  worse  error. 

I  will  suppose  it  required  to  draw  down  (the  technical  term  for 

reduction)  six  inches  of  the  end  of  a  square  or  rectangular  bar 
of  iron  or  steel ;  the  smith  will  place  the  bar  across  the  anvil 

w  ith  perhaps  four  inches  overhanging,  and  not  resting  quite  flat, 
hut  tilted  up  about  a  quarter  or  balf-an-iuch  at  the  near  side  of 

the  anvil,  as  in  i\£.  1»2,  but  less  in  degree,  and  the  hammer  will 

IK  made  to  fall  as  there  shown,  except  that  it  will  be  at  a  very 
small  angle  with  the  anvil. 

lla\in-  _r;\i  n  one  blow,  he  will,  as  the  only  change,  twist  the 
work  a  quarter  turn,  and  strike  it  again ;  then  he  will  draw  the 

bar  half  an  inch  or  an  inch  towards  him,  and  give  it  two  more 
similar  blows,  and  so  on  until  he  arrives  at  the  extreme  end, 

«lu-n  he  will  recommence;  but  this  will  be  done  almost  in  the 
time  of  reading  these  words.     The  descent  of  the  hammer,  the 

>-ing  the  work  towards  himself,  (whence  perhaps  the  term,) 
ami  the  quarter  turn  backwards  and  forwards,  all  go  on  simul- 

msly  and  with  some  expedition.    At  other  times  the  work  is 
drawn  down  over  the  beak-iron,  in  which  case  the  curvatureof  this 
part  of  the  anvil,  makes  it  less  material  at  what  angle  the  work 

i>  held  or  the  blows  given,  provided  the  two  positions  be  alike. 

In  smoothing  off  the  work,  the  position  of  fig.  91  is  assumed; 
work   is  laid  flat  upon  the  anvil,  and  the  hammer  is  made 

ill  as  nearly  as  possible  horizontally ;  a  series  of  blows  are 
u  all  along  the  work  between  every  quarter  turn,  the  hammer 

.'directed  upon  one  spot,  and  the  work  drawn  gradually 
beneath  it. 

The  circumstances  are  exactly  the  same  as  regards  the  sledge- 
hammer, which  is  used  up-hand  for  light  work;  the  right  hand 

l)i  ing  slid  towards  the  head  in   the  act  of  lifting  the  hammer 

i  oil'  the  work,  and  Dipped  down  again  as  the  tool  descends ; 
and  the  conditions  are  scarcely  altered  when  the  smith  swings 

hammer  about  in  a  circle,  the  signal  for  which  is  "about 

tkdge;"  whereas  when,  in  either  case,  the  blows  of  the  sledge- 
p  2 
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hammer  are  to  be  discontinued,  the  fireman  taps  the  anvil  with 
his  hand  hammer,  which  is,  I  believe,  an  universal  language. 

In  drawing  down  the  tang  or  taper-point  of  a  tool,  the 
extreme  end  of  the  iron  or  steel  is  placed  a  little  beyond  the  edge 
of  the  anvil,  as  in  fig.  92,  by  which  means  the  risk  of  indenting 
the  anvil  is  entirely  removed,  and  the  small  irregular  piece  in 
excess  beyond  the  taper  is  not  cut  off  until  the  tang  is  completed. 

Fig.  93  shows  the  position  of  the  chisel  in  cutting  off  the  finished 
object  from  the  bar  of  which  it  formed  a  part;  that  is,  the  work 
is  placed  betwixt  the  edge  of  the  anvil,  and  that  of  the  chisel 

immediately  above  the  same;  the  two  resemble  in  effect  a  pair  of 
shears.  Sometimes  the  edge  of  the  anvil  alone  is  used  for  small 
objects,  first  to  indent,  and  then  to  break  off  the  work,  but  this 

is  likely  to  injure  the  anvil,  and  is  a  bad  practice. 

When  it  is  required  to  make  a  set-off,  it  is  done  by  placing  the 
intended  shoulder  at  the  edge  of  the  anvil :  the  blows  of  the 
hammer  will  be  effective  only  where  opposed  to  the  anvil,  but 
the  remainder  of  the  bar  will  retain  its  full  size  and  sink  down 

Figs.  94. 
95. 

as  represented  in  fig.  94.  Should  it  be  necessary  to  make  a 
shoulder  on  both  sides,  a  flat-ended  set  hammer,  struck  by  the 

sledge,  is  used  for  setting  down  the  upper  shoulder,  as  in  fig.  95, 
as  the  direct  blows  of  the  hammer  could  not  be  given  with  so 

much  precision.  In  each  of  these  cases  some  precaution  must 

be  observed,  as  otherwise  the  tools,  although  so  much  more  blunt 

than  the  chisel,  fig.  93,  will  resemble  it  in  effect,  and  cripple  or 

weaken  the  work  in  the  corner ;  on  this  account  the  smith's  tools 

are  rarely  quite  sharp  at  the  angles :  this  mischief  is  almost 
removed  when  the  round  fullers,  fig.  96,  are  used  for  reducing 

the  principal  bulk,  and  the  sharper  tools  are  only  employed  for 
trimming  the  angles  with  moderate  blows. 

AVhen  the  iron  is  to  be  set  down,  and  also  spread  laterally, 

as  in  fig.  97,  it  is  first  nicked  with  a  round  fuller  as  upon  the 



d. it  ted    line  at   n.  and  the  piece  at  the  end    is   spread   by  the 
same  tool,  upon  the  short  lines  of  the  object,  or  paralh  1  with 

mirth  "f  the  Imr :  the  first  notch  greatly  assists  in  Keeping 
a  good  shoulder  at  the  bottom  of  the  pnrt  set  down,  and 

lines  are  supposed  to  represent  the  rough  indentations  of  the 

i  1'uller  before  the  work  is  trimmed  up. 
o  Fig.  97. 

There  is  often  considerable  choice  of  method  in  forging,  and 
the  skilful  workman  selects  that  method  of  proceeding  which 
will  produce  the  result  with  the  least  portion  of  manual  labour. 

Thus  an  ordinary  screw-bolt,  that  I  will  suppose  to  measure 
five-eighths  of  an  inch  in  diameter  in  the  stem,  and  one  inch 
square  in  the  head,  may  be  made  in  either  of  the  three  following 
ways  adverted  to  in  the  outset : 

First,  by  drawing-down  : — A  bar  of  iron  is  selected  one  inch 
square,  or  of  the  size  of  the  head  of  the  bolt,  and  a  short  portion 

of  the  same  is  set  down,  according  to  fig.  96,  by  a  pair  of 
fullers  that  are  convex  in  profile  as  shown,  and  also  slightly 
concave  upon  the  line  at  right  angles  to  the  paper ;  this  prepares 

tin-  shoulder  or  joining  of  the  two  dimensions;  the  bolt  is  made 
cylindrical,  and  of  proper  diameter  between  the  rounding  tools, 

lit:.  98;  and  lastly,  it  is  cut  off  with  the  chisel,  as  in  fig.  93, 
1 0,  so  much  of  the  original  square  bar  as  suffices  for  the 

thickness  of  the  head  being  allowed  to  remain. 

Secondly,  by  jumping : — A  piece  of  bolt-iron  of  five-eighths 
of  an  inch  diameter,  or  of  the  size  of  the  stem  of  the  bolt,  is  cut 

off  somewhat  longer  than  the  intended  length ;  "  a  short  heat " 
i  ken  upon  it,  that  is,  the  extreme  end  alone  is  made  white- 

hot,  then  placed  perpendicularly  upon  the  anvil,  and  the  cold  end 
is  struck  with  the  hammer  as  in  driving  in  a  nail;  this  thickens 
the  metal  or  upsets  it,  and  makes  a  thick  conical  button.  The 

1  is  completed,  by  driving  the  bolt  into  a  heading  tool  with 

n  cirouhir  hole  of  five-eighths  diameter;  the  thickened  part  of 
the  head  prevents  the  piece  from  passing  through,  and  the  lump 
is  flattened  out  by  the  hammer  into  an  irregular  button  or  di>k, 
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which  is  afterwards  beaten  square  to  complete  the  bolt.  Figs. 
90,  100,  and  101,  explain  these  processes;  the  latter  is  a  single 
tool,  but  the  heading  tool,  fig.  102,  with  several  holes,  is  also  used. 

Figs.  98.      101.        100.  99. 

102. 

105. 

104. 

103. 

In  upsetting  the  end  of  the  work,  if  more  convenient,  it  may 
be  held  horizontally  across  the  anvil,  and  struck  on  the  heated 
extremity  with  the  hand  hammer;  or  it  can  be  jumped  forcibly 
upon  the  anvil,  when  its  own  weight  will  supply  the  require 
momentum.  If  too  considerable  a  portion  of  the  work  is  heated, 

it  will  either  bend,  or  it  will  swell  generally;  and  therefore  to 
limit  the  enlargement  to  the  required  spot,  should  the  heat  be 

too  long,  the  neighbouring  part  is  partially  cooled  by  immersing 

it  in  the  water-trough,  as  near  to  the  heat  as  admissible. 
Thirdly,  the  same  bolt  may  be  made  by  building  up  or 

welding : — An  eye  is  first  made  at  the  end  of  a  small  rod  of 
square  or  flat  iron ;  by  bending  it  round  the  beak  iron,  as  in 

fig.  103,  it  is  placed  around  the  rod  of  five-eighths  round  iron, 
and  the  curled  end  is  cut  off  with  the  chisel,  as  in  fig.  101, 

enoiigh  iron  being  left  in  the  ring,  which  is  afterwards  welded 

to  the  five-eighths  inch  rod  to  form  the  head  of  the  bolt,  by  a 
few  quick  light  blows  given  at  the  proper  heat;  the  bolt  is  then 
completed  by  any  of  the  tools  already  described,  that  may  be 
preferred.  A  swage  at  the  angle  of  sixty  degrees,  fig.  105,  will 
be  found  very  convenient  in  forming  hexagonal  heads,  as  the 
horizontal  blow  of  the  hammer  completes  the  equilateral  triangle, 

and  two  positions  operate  on  every  side  of  the  hexagon;  fig.  I'1"* 
is  essential  likewise  in  forging  triangular  files  and  rods. 

Of  these  three  modes  of  making  a  bolt,  and  which  will  apply 



WORKS;  i 

multitude  of  objects  somewhat  analogous  in  form,  the  first 
is  the  most  general  for  small  and  short  bolts;  the  second  for 
•mall  but    longer  kinds;    and   the  third   is  perhaps   the  n. 

,111011  for  large  bolts,  although  the  least  secure;   it  is  u 

holts  for  ordinary  building  purposes,  but  is  less  generally 
employed  for  the  parts  of  mechanism. 

works  of  the  same  character,  in  which  a  considerable. 

length  of  two  different  sections  or  magnitudes  of  iron  are 

required,  the  method  by  drawing  down  from  the  large  size 
would  be  too  expensive;  the  method  by  upsetting  would  be 
impracticable;  and  therefore  a  more  judicious  use  is  made  of 
the  iron  store,  and  the  object  is  made  in  two  parts,  of  bars  of 
the  exact  sections  respectively.  The  larger  bar  is  reduced  to 
the  size  of  the  smaller,  generally  upon  the  beak  iron  with  top 
fullers,  and  with  a  gradual  transition  or  taper  extending  some 

t'r\\  inches,  as  represented  in  fig.  100  ;  the  two  pieces  are  scarfed 
or  prepared  for  welding,  but  which  part  of  the  subject  is  for  the 

i  nt  deferred,  in  order  that  the  different  examples  of  welding 
may  be  given  together. 

The  tiu'uiv  li>6  is  also  intended  to  explain  two  other  procced- 
\  i  iv  commonly  required  in  forging.     Bars  are  bent  down 

at  right  angles  as  for  the  short  end  or  corking  of  the  piece,  fig. 
by  laying  the  work  on  the  anvil,  and  holding  it  down  with 

the  sledge  hammer,  as  in  fig.  107 ;  the  end  is  then  bent  with  the 
hand  hammer,  and  trimmed  square  over  the  edge  of  the  anvil ; 
or  when  more  precision  is  wanted,  the  work  is  screwed  fast  in  the 

tail-vice,  which  is  one  of  the  tools  of  every  smith's  shop,  and  it 
is  bent  over  the  jaws  of  the  vice.     When  the  external  angle,  as 

ell  as  the  internal,  is  required  to  be  sharp  and  square,  the 
is  reduced  with  the  fuller  from  a  larger  bar  to  the  form  of 

108,  to  compensate  for  the  great  extension  in  length  that 
urs  at  the  outer  part,  or  heel  of  the  bend,  of  which  the  inner 
e  forms  as  it  were  the  center. 

The  holes  in  fig.  106,  for  the  cross  bolts,  arc  made  with  a  rod- 
nch,  which  is  driven  a  little  more  than  half  way  through  from 
one  side  whilst  the  work  lies  upon  the  anvil,  so  that  when 

t  unit -.1  over,  the  cooling  effect  of  the  punch  may  serve  to  show 
the  place  where  the  tool  must  be  n.^ain  applied  for  the  comple- 

tion of  the  hole  ;  the  little  bit  or  burr  is  then  driven  out,  either 
through  the  ">le  in  the  anvil  that  is  intended  for  the 



210 SQUARE  AND  HEXAGON  NUTS,  ETC.  ;  PUNCHING. 

bottom  tools,  or  else  upon  the  bolster,  fig.  109,  a  tool  faced  with 

steel,  and  having  an  aperture  of  the  same  form  and  dimensions 
as  the  face  of  the  punch. 

106. 

108. 

111. 

112. 

113. 

Fig.  112  shows  the  ordinary  mode  of  making  the  square  nuts 
for  bolts.  A  flat  bar  is  first  nicked  on  the  sides  with  the  chisel, 

then  punched,  and  the  rough  nuts  if  small,  are  separated  and 
strung  upon  the  end  of  the  poker  (a  slight  round  rod  bent  up  at 
the  end),  for  the  convenience  of  managing  them  in  the  fire,  from 
which  they  are  removed  one  at  a  time  when  hot,  and  finished  on 
the  triblet,  fig.  113,  which  serves  both  as  a  handle,  and  also  as 
the  means  of  perfecting  the  holes. 

For  making  hexagon  nuts,  the  flat  bar  is  nicked  on  both 
edges  with  a  narrow  round  fuller;  this  gives  a  nearer  approach 
to  the  hexagon  :  the  nuts  are  then  flattened  on  the  face,  punched, 
and  dressed  on  the  triblet  within  the  angular  swage,  fig.  105, 

page  214,  before  adverted  to.  Thick  circular  collars  are  made 
precisely  in  the  same  way,  with  the  exception  that  they  arc 
finished  externally  with  the  hammer,  or  between  top  and  bottom 
rounding  tools  of  corresponding  diameter. 

It  is  usual  in  punching  holes  through  thick  pieces,  to  throw  a 

little  coal-dust  into  the  hole  when  it  is  partly  made,  to  prevent 
the  punch  sticking  in  so  fast  as  it  otherwise  would :  the  punch 

generally  gets  red-hot  in  the  process,  and  requires  to  be  imme- 
diately cooled  on  removal  from  the  hole. 

In  making  a  socket,  or  a  very  deep  hole  in  the  one  end  of  a 
bar,  some  difficulty  is  experienced  in  getting  the  hole  in  the  axis 
of  the  bar,  and  in  avoiding  to  burst  open  the  iron ;  such  holes 
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ire  produced  ditlVi  sinking  the  hole  a*  a  groove  in  tin; 

•lit  IT  of  a  flat  bar  by  means  of  a  fuller;  the  piece  is  cut  nearly 
u^li  from  the  opposite  side,  folded  together  lengthways,  and 

welded.  The  hole  tlniN  funned  will  only  require  to  he  |»  rfectcd 

by  the  iutro.lih  tiou  of  an  appropriate  punch,  and  to  be  worked 
on  the  unhide,  with  those  tools  required  for  dressing  off  its 

rior  surface,  whilst  the  punch  remains  in  the  hole  to  prevent 

from  being  squeezed  in  :  this  method  is  very  good. 
For  punching  square  holes,  square  punches  and  bolsters  are 

1,  and  fig.  110,  the  split  bolster,  is  employed  for  cutting  out 
l"ii^  rectangular  holes  or  mortises,  which  arc  often  done  at  two 
or  more  cuts  with  an  oblong  punch. 

Mortises,  when  of  still  greater  length,  are  usually  made  by 
punching  a  hole  of  their  full  width  at  each  end,  and  cutting  out 
a  strip  of  metal  between  them,  by  two  long  incisions  made  with 

the  rod-chisel ;  at  other  times  one  cut  only  is  made,  and  the 
mortise  is  opened  out ;  this  retains  all  the  iron,  but  makes  the 

ends  narrower  than  the  middle.  In  finishing  a  mortise,  a  parallel 
plate  or  drift  is  inserted  in  the  slit,  the  drift  is  laid  across  the 
chaps  of  the  vice,  whilst  the  bar  of  iron  lies  partly  between  its 

;  in  order  that  the  blows  of  the  hammer  may  be  effective, 

on  the  upper  and  under  surfaces  of  the  one  rib  at  the  same  time. 
The  drift  serves  as  a  temporary  anvil,  the  other  rib  is  completed 
in  the  same  manner,  and  the  work  is  finally  closed  to  its  true 
width  upon  the  anvil,  the  drift  still  lying  in  the  mortise. 

When  a  thick  lump  is  wanted  at  the  end  of  a  bar,  it  is  often 

made  by  cutting  the  iron  nearly  through  and  doubling  it  back- 
wards and  forwards,  as  in  fig.  Ill;  the  whole  is  then  welded 

into  a  solid  mass  as  the  preparatory  step. 

Figs.  114.  U  115. 

A  piece  with  three  tails,  such  as  fig.  114-,  is  made  from  a  large 

square  bar;  an  elliptical  hole  is  first  punched  through  the  bar, 

and  the  remainder  is  split  with  a  chisel,  as  in  fig.  115,  the  work 

at  the  time  being  laid  upon  a  soft-iron  cutting  plate  in  order 

to  shield  the  chisel  from  being  driven  against  the  hardt 
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steel  face  of  the  anvil ;  the  end  is  afterwards  opened  into  a  fork, 

and  moulded  into  shape  over  the  beak-iron,  as  indicated  by  the 
dotted  lines. 

The  concave  lines  about  the  object  are  principally  worked 
with  the  fuller,  or  half-round  set-hammer ;  and  in  making  all 

the  holes,  narrow  oval  punches  are  used  as  described  at  the 
commencement,  and  the  slits  are  enlarged  into  circular  holes  by 
conical  mandrels ;  these  bulge  the  metal  out,  and  the  holes  are 
more  judiciously  formed  in  this  manner  than  if  the  metal  were 
wasted  by  cutting  out  great  circular  holes,  which  would  sever  a 
large  quantity  of  the  fibres  and  reduce  the  strength. 

The  mandrels  are  left  in  the  holes  whilst  the  parts  around  them 
are  finished,  which  tends  to  the  perfection  of  both  parts ;  as  the 

holes  more  closely  copy  the  mandrels,  and  the  marginal  parts 
are  better  finished  when  the  apertures  are  for  the  time  renderec 

solid.  Supposing  a  hole  to  be  wanted  in  the  cylindrical  part  of 
the  work  that  should  be  finished  between  the  rounding  tools ; 
the  mandrel  could  not  be  allowed  to  remain  in ;  and  therefore 

a  short  piece  of  iron  is  forged  or  drawn  down  to  the  size  of  the 

hole,  cut  off  in  length  to  the  diameter  of  the  part,  and  inserted 
in  the  hole  to  preserve  it  from  being  compressed,  yet  without 
interference  with  the  completion  of  the  cylindrical  portion;  which 

accomplished,  this  little  bit,  called  by  the  un-mechauical  name 
of  a  devil,  is  driven  out,  unless  by  a  very  careless  use  of  the 
welding  temperature  it  should  have  been  permanently  fastened  in. 
Towards  the  conclusion  a  long  mandrel  is  passed  through  the 
two  holes  in  the  fork  of  fig.  114,  to  show  whether  their  common 
axis  is  at  right  angles  to  the  main  rod,  otherwise  the  one  01 

other  arm  is  drawn  out,  or  upset,  according  as  the  work  may 
err  in  respect  to  deficiency  or  excess  of  length.  Such  a  piece  as 
fig.  114,  if  of  large  dimensions,  would  be  made  in  two  separate 
parts,  and  welded  through  the  central  line  or  axis. 

Should  it  happen  the  two  arms  are  not  quite  parallel,  that  is, 
when  viewed  edgeways  should  they  stand  oblique  to  each  other, 
or  to  the  central  bar,  an  error  that  could  scarcely  be  corrected 
by  the  hammer  alone ;  the  work  would  be  fixed  in  the  vice  with 
the  two  tails  upwards,  and  the  one  or  other  of  these  would  be 

twisted  to  its  true  position  by  a  hook  wrench  or  set,  made  like 

the  three  sides  of  a  square,  but  the  one  very  long  to  serve  as 
a  lever;  it  is  applied  exactly  in  the  manner  of  a  key,  spanner, 
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or  screw  wrench,  in  turning  round  a  bolt  or  screw.     The  hook 

wrench  is  constantly  n>cd  tor  taking  the  twist  out  of  work,  or 
error  of  winding,  as  the  hammer  can  only  be  successfully 

1  for  collecting  the  curvatures  of  length. 

10  bent  objects,  such  as  cranks  and  straps,  are  made  from 
1)  u  iron,  brut  over  specific  moulds,  which  are  sometimes  made 

in  pairs  like  dies,  and  pressed  together  by  screw  contrivances. 
\\  hen  the  moulds  are  single,  the  work  is  often  retained  in  con- 

r  tact  with  the  same,  at  some  appropriate  part,  by  means  of  straps 
and  wedges;  whilst  the  work  is  bent  to  the  form  of  the  mould 

by  top  tools  of  suitable  kinds. 

Objects  of  more  nearly  rectilinear  form  arc  cut  out  of  large 
plates  and  bars  of  iron  with  chisels ;  for  example,  the  cranks  of 
locomotive  engines  are  faggoted  up  of  several  bars  or  uses  laid 

together,  and  pared  to  the  shape :  they  are  sometimes  forged  in 
two  separate  parts,  and  welded  between  the  cranks,  at  other 

tiiiu-N  they  are  forged  out  of  one  parallel  mass,  and  afterwards 

-ed  with  a  hook-wrench,  in  the  neck  between  the  cranks,  to 
place  the  latter  at  right  angles.  The  notches  are  sometimes  cut 

out  on  the  anvil  whilst  the  work  is  red-hot;  or  otherwise  by 
lincry  when  in  the  cold  state. 

A  very  different  method  of  making  rectangular  cranks  and 
lar  works  is  also  recommended,  by  bending  one  or  more 

straight  bars  of  iron  to  the  form;  the  angles,  which  are  at  first 

rounded,  are  perfected  by  welding  on  outer  caps.  In  this  case 
the  fibre  runs  round  the  figure,  whereas  when  the  gap  is  cut  out, 

a  large  proportion  of  the  fibres  arc  cut  into  short  lengths,  and 
therefore  a  greater  bulk  must  be  allowed  for  equal  strength  : 

method  is  however  seldom  used. 

All  kinds  of  levers,  arms,  brackets  and  frames,  are  made  after 

icse  several  methods,  partly  by  bending  and  welding,  and  partly 
cutting  and  punching  out;  and  few  branches  of  ind 
3nt  a  greater  variety  in  the  choice  of  methods,  and  \\  Inch 

the  judgment  of  the  smith  continually  into  requisition. 

SECT.  IV. — GENERAL    EXAMPLES    OP    WELDI 

THE   former  illustrations  of  forging   have  been  principally 
iptive  of  such  works  as  could  be  made  from  a  single  bar  of 

iron,  on  purpose  that  the  examples  to  be  advanced  in  welding  or 
joining  together  two  pieces  of  iron  by  heat,  technically  called 
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"  shutting  together"  or  "  shutting  up"  might  be  collected  at  one 

place. 
There  are  several  ways  of  accomplishing  this  operation,  and 

which  bear  some  little  analogy  to  the  joints  employed  in 

carpentry ;  more  particularly  that  called  scarfing,  used  in  the 
construction  of  long  beams  and  girders  by  joining  two  shorter 
pieces  together  endways,  with  sloping  joints,  which  in  carpentry 
are  interlaced  or  mortised  together  in  various  ways,  and  then 

secured  by  iron  straps  or  bolts.  In  smith's  work  likewise,  the 
joinings  are  called  scarfs,  but  from  the  adhesive  nature  of  the 

iron  when  at  a  suitable  temperature,  the  accessories  called  for  in 

carpentry,  such  as  glue,  bolts,  straps  and  pins,  are  no  longer 
wanted.  It  would  be  desirable  that  the  remarks  on  the  fire  and 

degrees  of  heat,  page  206,  should  be  again  perused  before  the 
reader  attempts  the  process  of  welding. 

The  example,  fig.  106,  page  216,  was  left  unfinished,  but  we 
will  proceed  to  show  the  mode  of  joining  the  two  cylindrical  ends 

of  the  work.  The  scarfs  required  for  the  "  shut"  are  made  by  first 
upsetting  or  thickening  the  iron  by  blows  upon  its  extremity,  to 
prepare  it  for  the  loss  it  will  sustain  from  scaling  off,  both  in  the 
fire  and  upon  the  anvil,  and  also  in  the  subsequent  working  upon 
the  joint.  It  is  next  rudely  tapered  off  to  the  form  of  a  flight 

of  steps,  as  shown  in  figs.  116  and  117,  and  the  sides  are  slightly 

bevelled  or  pointed,  as  in  fig.  117,  the  proportions  being  some- 
what exceeded  to  render  the  forms  more  apparent. 

120. 

117. 

118. 119. 

The  two  extremities  are  next  heated  to  the  point  of  ignition ; 

and  when  this  is  approached,  a  little  sand  is  strewed  upon  each 
part,  which  fuses  and  spreads  something  like  a  varnish,  and 

partially  defends  them  from  the  air ;  the  heat  is  proper  when, 
notwithstanding  the  sand,  the  iron  begins  to  burn  away  with 
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1  sparks.     The  two  men  thru  take  each  one  piece,  strike 

a  turn  My  across  the  anvil  to  remove  any  loose  cinders,  place 

•\i  in  their  true  positions,  exactly  as  in  fig.  110,  aud  two  or 
three  blows  of  the  small  hammer  of  the  principal  or  fireman 

k  tliera  together;  the  assistant  then  quickly  joins  in  with  the 
i;e  hammer,  and  the  smoothing  off  and  completion  of  the 

work  are  soon  accomplished. 

>  of  course  necessary  to  perform  the  work  with  rapidity, 

ami  literally  "  to  strike  whilst  the  iron  is  hot ; "  the  smith  after- 
wards jumps  the  end  of  the  rod  upon  the  anvil,  or  strikes  it 

endways  with  the  hammer;  this  proves  the  soundness  of  the 

joint,  but  it  is  mostly  done  to  enlarge  the  part,  should  it  during 
the  process  have  become  accidentally  reduced  below  the  general 
size.  The  sand  appears  to  be  quite  essential  to  the  process  of 

ling,  as  although  the  heat  might  be  arrived  at  without  its 
agency,  the  surfaces  of  the  metal  would  become  foul  and  covered 
uith  oxide  when  unprotected  from  the  air;  at  all  events  common 
experience  shows  that  it  is  always  required.  The  scarf  joint, 
shown  in  figs.  116  and  117,  is  commonly  used  for  all  straight 
bars,  whether  flat,  square  or  round,  when  of  medium  size. 

In  very  heavy  works  the  welding  is  principally  accomplished 
within  the  fire:  the  two  parts  are  previously  prepared  either  to 

the  form  of  the  tongue  or  split  joint,  fig.  1 18,  or  to  that  of  the  butt 

joint,  fig.  119,  and  placed  in  their  relative  positions  in  a  large 
hollow  fire.  When  the  two  parts  are  at  the  proper  heat,  they 

are  jumped  together  endways,  which  is  greatly  facilitated  by 
their  suspension  from  the  crane,  and  they  are  afterwards  struck 
on  the  ends  with  sledge  hammers,  a  heavy  mass  being  in  some 

s  held  against  the  opposite  extremity  to  sustain  the  bl<> 
the  heat  is  kept  up,  and  the  work  is  ultimately  withdrawn  from 
the  tire,  and  finished  upon  the  anvil. 

The  butt  joint,  fig.  119,  is  materially  strengthened,  when,  as 

-  usually  the  case  for  the  paddle  shafts  of  steam-vessels  and 
similar  works,  the  joint  whilst  still  large  is  notched  in  on  three 

or  four  sides,  and  pieces  called  stick-in  pieces,  dowels,  or  charlins, 
of  which  Dented  by  the  dotted  lines,  arc  prepared  at 

another  iire,  and  laid  in  the  notches;  the  whole,when  raised  to  the 

welding  heat,  is  well  worked  together  and  reduced  to  the  intended 

:  this  mingles  all  the  parts  in  a  very  substantial  manner. 
the  majority  of  works  however,  the  scarf  joint,  fig.  116,  is 
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used,  but  the  stick-in  pieces  are  also  occasionally  employed, 
especially  when  any  accidental  deficiency  of  iron  is  to  be  feared. 

AY  hen  two  bars  are  required  to  form  a  y  joint,  the  transverse 

piece  is  thinned  down  as  at  a,  in  fig.  120;  for  an  angle  or  corner 

the  form  of  b  may  be  adopted ;  but  c,  in  which  each  part  is  cut  off 
obliquely,  is  to  be  preferred.  The  pieces  a,  b,  c,  are  represented 
upside  down,  in  order  that  the  ridges  set  down  on  their  lower 
surfaces  may  be  seen.  In  most  cases  when  two  separate  bars 
are  to  be  joined,  whatever  the  nature  of  the  joint,  the  metal 
should  be  first  upset,  and  then  set  down  in  ridges  on  the  edge 
of  the  anvil,  or  with  a  set  hammer,  as  the  plain  chamfered  or 

sloping  surfaces  are  apt  to  slide  asunder  when  struck  with  the 
hammer,  and  prevent  the  union.  When  a  T  joint  is  made  of 

square  or  thick  iron,  the  one  piece  is  upset,  and  moulded  with 
the  fuller  much  in  the  form  of  the  letter;  it  is  then  welded 

against  the  flat  side  of  the  bar:  such  works  are  sometimes 
welded  with  dowel  or  tenon  joints,  but  all  the  varieties  of  method 
cannot  be  noticed. 

There  are  many  works  in  which  the  opposite  edges,  or  the 
ends  of  the  same  piece,  require  to  be  welded ;  in  these  the  risk 
of  the  two  parts  sliding  asunder  scarcely  exists,  and  the  scarfs 
are  made  with  a  plain  chamfer,  or  simply  to  overlap  or  fold 

together  without  any  particular  preparation. 
Of  the  last  kind,  fig.  Ill,  page  216,  may  be  taken  as  an 

example,  in  which  the  parts  have  no  disposition  to  separate ;  iu 
this  and  similar  cases  the  smith  often  leaves  the  parts  slightly 
open,  in  order  that  the  very  last  process  before  welding  may  be 
the  striking  the  whole  edgeways  upon  the  anvil,  to  drive  out  any 
loose  scales,  cinders  or  sand,  situated  between  the  joints;  which 
if  allowed  to  remain  would  be  either  inclosed  amidst  the  sound 

parts  of  the  work,  or  would  partially  prevent  the  union. 
In  works  that  have  accidentally  broken  in  the  welded  part, 

the  fracture  will  be  frequently  seen  to  have  arisen  from  some 

dirty  matter  having  been  allowed  to  remain  between  them,  on 
which  account,  shuts  or  welded  joints  extending  over  a  large 
surface  are  often  less  secure  than  those  of  smaller  area,  from  the 

greater  risk  of  their  becoming  foul.  In  fact,  throwing  a  little 
small  coal  between  the  contiguous  surfaces  of  work  not  intended 

to  be  united,  is  a  common  and  sometimes  a  highly  essential 
precaution  to  prevent  them  from  becoming  welded. 
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:eal  sockets  of  socket  chisels,  garden  spuds,  ami  n 

i-ty  of  agricultural  implements,  arc  formed  out  of  a  bar  of  flat 

\\hu-h  is  spread  i. ut  sideways  or  to  an  angle,  with  the  pane 

ot' the  hammer,  ami  then  bent  \\itliin  a  semi-circular  bottom  tool 
also,  by  the  pane  of  the  hammer,  to  the  form  of  fig.  121 ;  M 

which  the  sockets  are  still  more  curled  up  by  blows  on  the  edges, 

ami  "are"  perfected  upon  a  taper  pointed  mandrel,  so  that  tin- 
two  edges  slightly  o\crlap  at  the  mouth  of  the  socket,  and  meet 

pretty  uniformly  elsewhere,  as  in  fig.  122;  and  lastly,  about  an 
inch  or  more  at  the  end  i>  welded.  Sometimes  the  welding  is 

continued  throughout  the  length,  but  more  commonly  only  a 
small  portion  of  the  extremity  is  thus  joined,  and  the  remainder 
of  the  edges  are  drawn  together  with  the  pane  of  the  hammer. 

122. 

In  making  wrought-iron  hinges,  two  short  slits  are  cut  length- 
s  and  nearly  through  the  bar,  towards  its  extremity ;  the 

iron  is  then  folded   round  a  mandrel,  set  down   close   in  the 

comer,  and  the  two  ends  are  welded  together.     To  complete  the 

hin^c,  it  only  remains  to  cut  away  transversely,  either  the  ecu 
v  or  the  two  external  pieces  to  form  the  knuckles,  and  the 

addition  of  the  pin  or  pivot  finishes  the  work. 
Musket  barrels,  when  made  entirely  by  hand,  were  forged  in 

the  form  of  long  strips  about  a  yard  long  and  four  inches  wide, 

but  taper  both  in  length  and  width,  which  were  bent  round  a 
cylindrical  mandrel  until  their  edges  slightly  overlapped ;  they 
were  then  welded  at  three  or  four  heats,  by  introducing  the 
mandrel  within  them  instantly  on  their  removal  from  the  fire  at 

tin*  proper  heat,  in  order  to  prevent  the  sides  of  the  tube  from 
beinjjj  pressed  together  by  the  blows  of  the  hammer. 

Tin -y  have  been  subsequently,  and  are  now  almost  universally 
welded  by  machinery  at  one  heat,  and  whilst  of  the  length  of 
only  one  foot,  as  on  removal  from  the  fire  the  mandrel  is  quickly 
introduced,  and  the  two  are  passed  through  a  pair  of  grooved 

roller- :    they  are  afterwards   extended  to  the  full   length  by 
;is,  but  at  a  lower  temperature,  so  that   the  iron  is 

so  much  injured  as  when  thrice  heated  to  the  welding  point. 
The  twisted  barrels  are  made  out  of  long  ribands  of  iron 
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wound  spirally  around  a  mandrel,  and  welded  on  their  edges  In- 
jumping  them  upon  the  ground  or  rather  on  an  anvil  embedded 
therein.  The  plain  stub  barrels  are  made  in  this  manner,  from 

iron  manufactured  from  a  bundle  of  stub-nails,  Avelded  together 
and  drawn  out  into  ribands  to  ensure  the  possession  of  a  material 

most  thoroughly  and  intimately  worked.  The  Damascus  barrels 

are  made  from  a  mixture  of  stub-nails  and  clippings  of  steel 
in  given  proportions,  puddled  together,  made  into  a  bloom,  and 
subsequently  passed  through  all  the  stages  of  the  manufacture 
of  iron  already  explained ;  to  obtain  an  iron  that  shall  be  of 

unequal  quality  and  hardness,  and  therefore  display  different 
colours  and  markings  when  oxidized  or  browned. 

Other  twisted  barrels  are  made  in  the  like  manner,  except 
that  the  bars  to  form  the  ribands  are  twisted  whilst  red-hot  like 

ropes,  some  to  the  right,  others  to  the  left,  and  which  are  some- 
times again  laminated  together  for  greater  diversity ;  they  are 

subsequently  again  drawn  into  the  ribands  and  wound  upon  the 
mandrel,  and  frequently  two  or  three  differently  prepared  pieces 
are  placed  side  by  side  to  form  the  complex  and  ornamental 

figures  for  the  barrels  of  fowling-pieces,  described  as  "stub-twist, 

wire-twist,  Damascus-twist,"  &c.,  which  processes  are  minutely 
explained  and  figured  by  Mr.  Greener.* 

All  these  matters  are  also  explained  in  Mr.  Wilkinson's  recent 
and  interesting  work,  f  which  likewise  treats  of  one  method 
amongst  others  of  the  formation  of  the  Damascus  gun  barrels ; 

by  arranging  twenty-five  thin  bars  of  iron,  and  mild  steel  in 
alternate  layers,  welding  the  whole  together,  drawing  it  down 
small,  twisting  it  like  a  rope,  and  again  welding  three  such  ropes, 
for  the  formation  of  the  riband  which  is  then  spirally  twisted  to 

form  a  barrel,  that  exhibits,  when  finished  and  acted  upon  by 

acids,  a  diversified  laminated  structure,  resembling  when  pro- 
perly managed  an  ostrich  feather. 

Let  me  now  turn  from  these  engines  of  destruction  to  a  modi- 
fication of  one  of  them  to  a  happier  purpose.  When  the  illu- 

mination by  gas  was  first  introduced  in  the  large  way,  by  Aaron 

Manby,  Esq.,  then  of  the  Horsley  Iron  Works,  the  old  musket- 
barrels,  laid  by  in  quiet  retirement  from  the  fatigues  of  the  last 

war,  were  employed  for  the  conveyance  of  gas;  and  by  a  curious 

*  Greener  "  On  the  Gun,"  1835;  and  Greener  "On  Gunnery,"  1841. 
t  "Wilkinson's  Engines  of  War,"  1841,  pp.  89—98. 
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\anoiis  iron  foundries  desisted  in  a  great  measure 

tV.nn  the  manufacture  of  iron  ordnance,  and  took  up  the  peaceful 

empliu  nit  nt  of  casting  pipes  for  gas  and  water. 
The  breech  ends  of  the  musket-barrels  were  broached  and 

tapped,  and  the  muzzles  were  screwed  externally,  to  connect  the 
two  without  detached  sockets.  From  the  rapid  increase  of  gas 

illumination,  tin-  old  trim-barrels  soon  became  scarce,  and  new 

t  uln-a  with  detached  sockets,  made  by  the  old  barrel-forgers,  were 
resorted  to.  This  led  to  a  series  of  valuable  contrivances 

for  the  manufacture  of  the  wrought-iron  tubes,  commencing  with 

M-ll's  pat t-nt,  in  1^1,  under  whirl*  the  tubes  were  first  bent 
up  by  hand  hammers  and  swages,  to  bring  the  edges  near 
together ;  and  they  were  welded  between  semicircular  swages, 

fixed  respectively  in  the  anvil,  and  the  face  of  a  small  tilt-ham- 
nif  r  worked  by  machinery,  by  a  series  of  blows  along  the  tube, 
either  with  or  without  a  mandrel.  The  tube  was  completed  on 

In  'ing  passed  between  rollers  with  half-round  grooves,  which 
forced  it  over  a  conical  or  egg-shaped  piece  at  the  end  of  a  long 
bar,  to  perfect  the  interior  surface. 

Various  steps  of  improvement  have  been  since  made ;  for 

instance,  the  skelps  were  bent  at  two  squeezes,  first  to  the  semi- 
cylindrical,  and  then  to  the  tubular  form,  (preparatory  to  welding), 

between  a  swage-tool  five  feet  long  worked  by  machinery.  The 

whole  process  was  afterwards  carried  on  by  rollers,  but  aban- 
doned on  account  of  the  unequal  velocity  at  which  the  greatest 

and  least  diameters  of  the  rollers  travelled. 

In  the  present  method  of  manufacturing  the  patent  welded 
tube,  the  end  of  the  skelp  is  bent  to  the  circular  form,  its  entire 
length  is  raised  to  the  welding  heat  in  an  appropriate  furnace, 
and  as  it  leaves  the  furnace  almost  at  the  point  of  fusion,  it  is 

dragged  by  the  chain  of  a  draw-bench,  after  the  manner  of  v 

through  a  pair  of  tongs  with  two  bell-mouthed  jaws;  these 
opened  at  the  moment  of  introducing  the  end  of  the  skclp, 

which  is  welded  without  the  agency  of  a  mandrel. 

By  this  ingenious  arrangement,  wrought-iron  tubes  may  be 
made  from  the  diameter  of  six  inches  internally  and  about  one- 

i  th  to  three-eighths  of  an  inch  thick,  to  as  small  as  one-quarter 
inch  diameter  and  one-tenth  bore;  and  so  admirably  is  the 

joining  effected  in  those  of  the  best  description,  that  they  will 
withstand  the  greatest  pressures  of  gas,  steam,  or  water,  to  which 
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they  have  been  subjected,  and  they  admit  of  being  bent  both  in 
the  heated  and  cold  state  almost  with  impunity.  Sometimes 
the  tubes  are  made  one  upon  the  other  when  greater  thickness 

is  required ;  but  these  stout  pipes,  and  those  larger  than  three 

inches,  are  comparatively  but  little  used.*  See  Note  T,  Appen- 
dix, Vol.  II.,  pp.  963—969. 

Various  articles  with  large  apertures  are  made,  not  by  punching 

or  cutting  out  the  holes,  but  by  folding  the  metal  around  the 
beak  iron,  and  finishing  them  upon  a  triblet  of  the  appropriate 
figure ;  thus  the  complete  smithy  is  generally  furnished  with  a 
series  of  cones  turned  in  the  lathe,  for  making  rings  the  ends  of 

which  are  folded  together  and  welded,  such  as  fig.  123,  page  228. 

The  same  rings  when  made  of  such  cast-steel  as  does  not  admit 

of  being  welded,  are  first  punched  with  a  small  hole,  and  gradu- 
ally thinned  out  by  blows  around  the  margin,  until  they  reach 

the  diameter  sought;  but  this,  like  numerous  other  works, 
requires  considerable  forethought  to  proportion  the  quantity  of 
the  material  to  its  ultimate  form  and  bulk,  so  that  the  work 

may  not  in  the  end  become  either  too  slight  or  too  heavy. 
Chains  may  be  taken  as  another  familiar  example  of  welding  ; 

in  these  the  iron  is  cut  off  with  a  plain  chamfer,  as  from  the 
annular  form  of  the  links  their  extremities  cannot  slide  asunder 

when  struck ;  every  succeeding  link  is  bent,  introduced,  and 
finally  welded.  In  some  of  these  welded  chains  the  links  are  no 

more  than  half  an  inch  long,  and  the  iron  wire  one-eighth  of  an 
inch  diameter ;  several  inches  of  such  chain  are  required  to  weigh 
one  pound  :  these  are  made  with  great  dexterity  by  a  man  and 
a  boy  at  a  small  fire.  The  curbed  chains  are  welded  in  the 

ordinary  form  and  twisted  afterwards,  a  few  links  being  made 

red-hot  at  a  time  for  the  purpose. 
The  massive  cable-chains  are  made  much  in  the  same  manner, 

although  partly  by  aid  of  machinery  :  the  bar  of  iron,  now  one, 

*  A  piece  of  tube  of  the  smallest  dimensions,  and  fourteen  feet  long,  which  has  been 
bent  cold  almost  into  the  form  of  the  Gordian  knot,  may  be  seen  at  the  Institution  of 

Civil  Engineers.  The  wrought-iron  tubes  of  hydrostatic  presses,  which  measure 
about  half  an  inch  internally,  and  one-fourth  to  three-eighths  of  an  inch  thick  in  the 
metal,  arc  frequently  subjected  to  a  pressure  equal  to  four  tons  on  each  square  inch. 

Pipes  proved  to  the  same  degree  are  also  used  in  Mr.  Perkins'  patent  apparatus 
for  warming  buildings,  and  in  his  patented  steam-boiler.  The  safety  of  each 
of  these  is  entirely  secured  by  a  fusible  plug,  which  melts  and  allows  the  water  to 
escape  into  the  fire  when  its  temperature  exceeds  any  predetermined  degree, 

namely,  from  about  300°  to  600°  F.,  generally  the  former. 
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one  and  ;i  half,  or  i  \ni  t\u>  inches  diainet.  i,    is  heated,  and  the 

scarf  is  made  a>  a  plain  chamfer  by  a  cutting  machine;  the  link 
ed  by  inserting  the  end  of  the  heated  bar  within 

n  loop  in  the  edge  of  an  oval  disk,  which  may  be  compared 
a  chuck  fixed  on  the  end  of  a  lathe  mandrel.     The  disk 

is  put  in  gear  with  the   steam-engine;  it   makes  exactly  one 

•lution,  and    throws  itself  out  of  motion;   this  bends  the 
heated  extremity  of  the  iron  into  an  oval  figure,  afterwards  it 
is  detached  from  the  rod  with  a  chamfered  cut  by  the  cutting 

liine,  \vhich  at  one  stroke  makes  the  second  scarf  of  the 

detached  link,  and  the  first  of  that  next  to  be  curled  up. 
The  link  is  now  threaded  to  the  extremity  of  the  chain,  closed 

together,  and  transferred  to  the  fire,  the  loose  end  being  carried 
by  a  traverse  crane ;  when  the  link  is  at  the  proper  heat,  it  is 

••rued  to  the  anvil,  welded,  and  dressed  oft*  between  top  and 
bottom  tools,  after  which  the  cast-iron  transverse  stay  is  inserted, 
and  the  link  having  been  closed  upon  the  stay,  the  routine  is 
recommenced.  The  work  commonly  requires  three  men,  and 
the  scarf  is  placed  at  the  side  of  the  oval  link,  and  flatway 

through  the  same.  In  similar  chains  made  by  hand  it  is  perhaps 
more  customary  to  weld  the  link  at  the  crown  or  small  end.* 

The  succeeding  illustration  of  the  practice  of  forging  will 

be  that  of  the  formation  of  a  hatchet,  figs.  124  and  125,  which 
like  many  similar  tools  is  made  by  doubling  the  iron  around  a 
mandrel,  to  form  the  eye  of  the  tool :  it  will  also  permit  the 

*  The  tires  of  wrought-iron  wheels  for  locomotive  engines  and  carriages,  are  in 
general  bent  to  the  circle  by  somewhat  analogous  means  to  those  employed  in 

chain-mating,  as  are  likewise  the  skelps  for  the  twisted  barrels  of  guns ;  the  latter 
only  require  a  mandrel  or  spindle  with  a  winch  handle  at  the  one  extremity,  and  a 

for  the  end  of  the  skelp,  which  is  wound  in  contact  with  the  mandrel  by 
means  of  a  fixed  bar  placed  near  the  same ;  such  barrels  are  coiled  up  in  three 
lengths,  which  are  joined  together  after  the  spirals  are  welded. 

Wheels  for  railways  display  many  curious  examples  of  smithing :  thus  borne, 
except  the  nave,  are  made  entirely  by  welding ;  others  are  partly  combined  with 

rivets ;  in  all  the  nave  or  Ixws  is  a  mass  of  cast-iron  usually  poured  around  the 

ends  of  the  spokes,  with  the  exception  of  Bourne  and  Hartley's  patent  wheel,  in 
which  the  nave,  spokes,  and  periphery,  are  made  entirely  of  wrought-iron  and 
welded  together. 

common  practice  of  welding  the  tires  of  railway  wheels  is  now  as  follows  : 
res  are  cut  off  with  ridges  in  the  center,  so  as  in  meeting  to  form  two  angular 

notches,  into  which  two  thin  iron  wedges  are  subsequently  welded  radially;  the  four 
parts  thus  united  together  in  the  form  of  a  cross,  make  a  very  secure  joint  without 
the  necessity  for  upsetting  the  iron,  which  would  distort  the  form  of  the 
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description  of  some  other  general  proceedings,  and  likewise  the 
introduction  of  the  steel  for  the  cutting  edge. 

Figs.  123. 
125. 126. 127. 

II 

In  making  the  hatchet,  a  piece  of  flat  iron  is  selected  of  the 
width  of  A  E,  and  twice  the  length  of  A  D ;  it  is  thinned  and 

extended  sideways  before  it  is  folded  together,  to  form  the  pro- 
jections near  B  and  F,  by  blows  with  the  pane  of  the  hammer  or 

a  round-edged  fuller,  on  the  lines  A  B  to  E  F,  but  the  metal 
must  be  preserved  of  the  full  thickness  at  the  part  A  E,  to  form 

the  poll  of  the  hatchet,  although  a  piece  of  steel  is  frequently 
welded  on  at  that  part  as  a  previous  step.  The  work  is  then 
bent  round  a  mandrel,  figs.  126  and  127,  exactly  of  the  section 
of  the  eye  as  seen  in  fig.  125,  and  the  work  is  welded  across 
the  line  B  F ;  the  mandrel  is  again  introduced,  and  the  eye  is 

perfected. 
A  slip  of  shear-steel,  equal  in  length  to  D  H,  is  next  inserted 

between  the  two  tails  of  the  iron,  as  yet  of  their  original  size,  up 
to  the  former  weld,  and  all  three  are  welded  together  between 
C,  G,  D,  H  :  the  combined  iron  and  steel  are  now  drawn  out 

sideways,  by  blows  of  the  pane  of  the  hammer  on  and  between 
C  D  and  G  H,  to  extend  them  together  to  I  J.  The  tool  is 
then  flattened  and  smoothed  with  the  face  of  the  hammer,  and 

the  edges  are  pared  with  straight  or  circular  chisels  to  the 

particular  pattern,  and  trimmed  with  a  round-faced  hammer,  or 
a  top  fuller. 

In  smoothing  off"  the  work,  the  smith  pursues  his  common 
method  of  first  removing  with  a  file  the  hard  black  scales  that 
appear  like  spots  when  the  work  is  removed  from  the  fire ;  he 
then  dips  the  hammer  in  the  slake  trough,  and  lets  fall  upon  the 

anvil  a  few  drops  of  the  water  it  picks  up,  the  explosion  of  which 

when  the  red-hot  metal  is  struck  upon  it,  makes  a  smart  report 
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and  the  scales  that  would  be  otherwise  indented  in  the 

work.  It  should  be  observed  that  the  mandrel,  fig.  126,  is 
purposely  made  very  taper,  and  is  introduced  into  the  hole  from 

Imth  sides,  so  that  the  eye  may  be  smaller  in  tin:  middle:  when 

then-i. -re  tin-  handle  of  the  tool  is  carefully  fitted  and  wedged  in, 
the  handle  is  as  it  were  dove-tailed,  and  the  tool  can  neither  fly 

on"  aor  slip  down  tin-  handle;  the  same  mode  is  also  adopted for  the  heads  of  hammers. 

In  spades,  and  many  similar  implements,  the  steel  is  intro- 
duced between  the  two  pieces  of  iron  of  which  the  tools  are 

mad, •  ;  in  others,  as  plane  irons  and  socket  chisels,  it  is  laid  on 
the  outside,  and  the  two  are  afterwards  extended  in  length  or 

width  to  the  required  size.  The  ordinary  chisel  for  the  smith's 
shop  is  made  by  inserting  the  steel  in  a  cleft,  as  in  fig.  118,  page 
220,  and  so  is  also  the  pane  of  a  hammer ;  but  the  flat  face  of 
the  hammer  is  sometimes  stuck  on  whilst  it  continues  at  the 

extremity  of  a  flat  bar  of  steel ;  it  is  then  cut  off,  and  the  weld- 

is  at';er\\:.rds  completed.  At  other  times  the  face  of  the 
hammer  is  prepared  like  a  nail,  with  a  small  spike  and  a  very 
large  head,  so  as  to  be  driven  into  the  iron  to  retain  its  position, 

until  finally  secured  by  the  operation  of  welding. 
In  putting  a  piece  of  steel  into  the  end  of  an  iron  rod  to  serve 

for  a  center,  the  bar  is  heated,  fixed  horizontally  in  the  vice, 
and  punched  lengthways  with  a  sharp  square  punch,  for  the 
reception  of  the  steel,  which  is  drawn  down  like  a  taper  tang  or 
thick  nail,  and  driven  in  ;  the  whole  is  then  returned  to  the 

fire,  and  when  at  the  proper  heat  united  by  welding,  the  blows 

bring  first  directed  as  for  forming  a  very  obtuse  cone  to  prevent 
the  piece  of  steel  from  dropping  out. 

For  some  few  purposes  the  blistered  steel  is  used  for  welding, 
cither  to  itself  or  to  iron;  it  is  true  the  first  working  under  the 

hammer  in  a  measure  changes  it  to  the  condition  of  shear-steel, 

but  less  efficiently  so  than  when  the  ordinary  course  of  inanu- 

uv  is  pm-MU'd,  as  the  hammering  is  found  to  improve  steel 
in  a  remarkable  and  increasing  degree. 

the  majority  of  works  in  which  it  is  necessary  to  weld 

steel  to  iron,  or  steel  to  steel,  the  shear,  or  double  shear,  is  ex- 
!  i  ugly  suitable;  it  is  used  for  welding  upon  various  cutting 

-,  as  the  majority  of  the  cast-steel  will  not  endure  the  heat 
without  (Tumbling  under  the  hammer.    Shear-steel  is  also  used 
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for  various  kinds  of  springs,  and  for  some  cutting  tools  requiring 
much  elasticity. 

It  is  more  usual  to  reserve  the  cast-steel  for  those  works  in 

which  the  process  of  welding  is  not  required,  although  of  late 

years  mild  cast-steel,  or  welding  cast-steel,  containing  a  smaller 
proportion  of  carbon  has  been  rather  extensively  used ;  but  in 
general  the  harder  the  steel  the  less  easily  will  it  admit  of 
welding,  and  not  unfrequently  it  is  altogether  inadmissible. 

The  hard  or  harsh  varieties  of  cast-steel,  are  somewhat  more 
manageable  when  fused  borax  is  used  as  a  defence  instead  of  sand, 

either  sprinkled  on  in  powder  or  rubbed  on  in  a  lump  :  and  cast- 
steel  otherwise  intractable  may  be  sometimes  welded  to  iron  by 
first  heating  the  iron  pretty  smartly,  then  placing  the  cold  steel 
beside  it  in  the  fire,  and  welding  them  the  moment  the  steel  has 

acquired  its  maximum  temperature,  by  which  time  the  iron  will 
be  fully  up  to  the  welding  heat.  When  both  are  put  into  the 
fire  cold  alike,  the  steel  is  often  spoiled  before  the  iron  is  nearly 
hot  enough,  and  therefore  it  is  generally  usual  to  heat  the  iron 
and  steel  separately,  and  only  to  place  them  in  contact  towards 
the  conclusion  of  the  period  of  getting  up  the  heat.  In  forging 
works  either  of  iron  or  steel,  the  uniformity  of  the  hammering 

tends  greatly  to  increase  and  equalize  the  strength  of  each 

material :  and  in  steel,  judicious  and  equal  forging  greatly  lessens 

also  the  after-risk  in  hardening.* 

SECT.  V.   CONCLUDING    REMARKS    ON    FORGING  J     AND    THE    APPLICATIONS 
OF   HEADING   TOOLS,    SWAGE    TOOLS,    PUNCHES,    ETC. 

WITH  the  utmost  care  and  unlimited  space,  it  would  have  been 

quite  impossible  to  have  conveyed  the  instructions  called  for,  in 
forging  the  thousand  varieties  of  tools,  and  parts  of  mechanism 

*  When  cast-steel  has  been  spoiled  by  overheating,  it  may  be  partially  recovered 
by  four  or  five  reheatings  and  quenchings  in  water,  each  carried  to  an  extent 
a  little  less  and  less  than  the  first  excess ;  and  lastly,  the  steel  must  have  a  good 
hammering  at  the  ordinary  red  heat  Some  go  so  far  as  to  prefer  for  cutting  tools 
the  steel  thus  recovered,  but  this  seems  a  most  questionable  policy,  although  the 
change  wrought  by  this  treatment  is  really  remarkable ;  as  the  fragment  broken  off 

from  the  bar  in  the  spoiled  state,  and  another  from  the  same  bar  after  part  restor- 
ation and  hardening,  will  exhibit  the  extreme  characters  of  coarse  and  fine. 

The  hammering  I  suspect  to  be  the  principal  requisite,  and  in  superior  tools  it 
should  be  continued  until  the  work  is  nearly  cold,  to  produce  the  maximum  amount 
of  condensation  before  hardening ;  but  no  hammering  will  restore  the  loss  of 

tenacity  consequent  upon  the  over-heating,  or  even  the  too  frequent  heating  of 
Bteel,  without  excess. 
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the  smith  is  continually  railed  upon  to  produce;  and  all  that 

could  he  reasonably  attempted  in  this  place,  was  to  convey  a  few 
lie  general  features  and  practices  of  this  most  useful  and 

iutere>tin£  hraneh  of  industry.  It  is  hoped,  that  such  com- 
hinations  of  these  methods  may  be  readily  arrived  at  as  will 
serve  for  the  majority  of  ordinary  wants. 

The  smith  in  all  cases  selects  or  prepares  that  particular  form 
and  magnitude  of  iron,  and  also  adopts  that  order  of  proceeding, 
u  Inch  experience  points  out  as  being  the  most  exact,  sound,  and 

lomical.  In  this  he  is  assisted  by  a  large  assortment  of  various 
tools  and  moulds  for  such  parts  of  the  work  as  are  often  repeated, 
or  that  are  of  a  character  sufficiently  general  to  warrant  the 
outlay,  and  to  some  of  which  1  will  advert. 

The  heading  tools,  figs.  101  and  102,  page  214,  are  made  of 

all  sizes  and  varieties  of  form  ;  some  with  a  square  recess  to 
produce  a  square  beneath  the  head,  to  prevent  the  bolt  from 
beinur  turned  round  in  the  act  of 

tightening  its  nut;  others  for 
countersunk  and  round-headed 

bolts,  with  and  without  square 
shoulders;  many  similar  heading 
tools  arc  used  for  all  those  parts 
of  work  which  at  all  resemble 

bolts,  in  having  any  sudden 
enlargement  from  the  stem  or 
shaft.  The  holes  in  the  swage 

block,  fig.  128,  are  used  after  the 
manner  of  heading  tools  for  large 

objects  ;  the  grooves  and  recesses  around  its  margin,  also  serve 
in  a  variety  of  works  as  bottom  swages  beyond  the  size  of  those 
fitted  to  the  anvil.  At  the  opposite  extreme  of  the  heading 

tools,  as  to  size,  may  be  noticed  those  constantly  employed  in 
producing  the  smallest  kinds  of  nails,  brads  and  rivets,  of  various 
denominations,  some  of  which  heading  tools  divide  in  two  parts 
like  a  pair  of  spring  forceps  to  release  the  nails  after  they  have 

<  £ed.*  These  kinds  are  called  wrought  nails  Mid  brads  in 

Fig. 

128. 

*  The  forge  used  by  the  nail-makers  is  built  as  a  circular  pedestal  with  the  fire 
•  cooler  aud  the  chimney  directly  over  it  ;  the  rock-staff  of  the  bellows  extends 
uly  around  the  forge,  to  that  one  of  the  four  or  five  persons  who  work  at  the 

same  fire  U  continually  blowing  it,  whence  the  fire  is  always  at  the  heat  proper  for 
wcMiru:,  an<l  which  keeps  the  nails  sound  and  good. 
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contradistinction  to  similar  nails  cut  out  of  sheet-iron  by  various 
processes  of  shearing  and  punching,  which  latter  kinds  are  known 
as  cut  bradsand.  nails,  and  will  be  adverted  to  in  the  second  volume. 

The  top  and  bottom  rounding  tools,  fig.  98,  p.  214,  are  made 
of  all  diameters  for  plain  cylindrical  works :  and  when  they  are 

used  for  objects  the  different  parts  of  which  are  of  various  dia- 
meters, it  requires  much  care  to  apply  them  equally  on  all  parts 

of  the  work,  that  the  several  circles  may  be  concentric  and  true 
one  with  the  other,  or  possess  one  axis  in  common.  To  ensure 
this  condition  some  of  these  rounding  tools  are  made  of  various 
and  specific  forms,  for  the  heads  of  screws,  for  collars,  flanges  or 
enlargements,  which  are  of  continual  occurrence  in  machinery ; 

for  the  ornamental  swells  or  flanges  about  the  iron  work  of 
carriages,  and  other  works.  Such  tools,  like  the  pair  represented 
in  figs.  129  and  130,  are  called  swage  or  collar  tools  ;  they  save 
labour  in  a  most  important  degree,  and  are  thus  made.  A  solid 

mould,  core  or  striker,  exactly  a  copy  of  the  work  to  be  pro- 
duced, is  made  of  steel  by  hand-forging,  and  then  turned  in  the 

lathe  to  the  required  form,  as  shown  in  fig.  131. 

136. 

130. 

The  top  tool  is  first  moulded  to  the  general  form  in  an  appro- 
priate aperture  in  the  swage  block,  fig.  128 ;  it  is  faced  with  steel 

like  a  hammer,  and  the  core,  fig.  131,  is  indented  into  it ;  the 
blows  of  the  sledge  hammer  not  being  given  directly  upon  the 
core,  but  upon  some  hollow  tool  previously  made ;  otherwise  the 
core  must  be  filed  partly  flat  to  present  a  plane  surface  to  the 
hammer.  The  bottom  tool,  which  is  fitted  to  the  anvil,  is  made 
in  a  similar  manner,  and  sometimes  the  two  are  finished  at  the 

same  time  whilst  hot,  with  the  cold  striker  between  them ;  their 
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edges  are  carefully  rounded  with  a  file  so  as  not  to  cut  the  work, 
and  lastly  they  are  hardened,  under  a  stream  of  water. 

In  preparing  the  work  for  the  collar  tools,  when  the  projection 

'considerable,  the  work  is  always  drawn  down  rudely  to  the 

form  between  the  top  and  bottom  fullers,  as  in  fig.  90,  p.  i> 
but  for  greater  economy,  large  works  in  iron  are  sometimes  made 

by  folding  a  ring  around  them  as  in  fig.  104,  p.  214.  The  metal 
for  a  large  ring  is  occasionally  moulded  in  a  bottom  tool,  like 
fig.  132,  and  coiled  up  to  the  shape  of  fig.  133,  after  which  it 
is  closed  upon  the  central  rod  between  the  swages,  and  then 

welded  within  them.  The  tools  are  slightly  greased,  to  prevent 
the  work  from  hanging  to  them,  and  from  the  same  motive  their 
surfaces  are  not  made  quite  flat  or  perpendicular,  but  slightly 
conical,  and  all  the  angles  are  obliterated  and  rounded. 

The  spring  swage  tool,  represented  in  fig.  134,  is  used  for  some 
small  manufacturing  purposes;  it  differs  in  no  respect  from  the 
former,  except  in  the  steel  spring  which  connects  the  two  parts ; 

it  is  employed  for  light  single  hand-forgings.  Other  workmen 
use  swage  tools,  such  as  fig.  135,  in  which  there  is  a  square 

recess  in  the  bottom  tool  to  fit  the  margin  of  the  top-tool  so  as 

to  guide  it  exactly  to  its  true  position :  *  this  kind  also  may  be 
used  for  single  hand  works,  and  is  particularly  suited  to  those 

which  are  of  rectangular  section,  as  the  shoulders  of  table-knives; 
these  do  not  admit  of  being  twisted  round,  which  movement 

furnishes  the  guide  for  the  position  of  the  top-tool  in  forging 
circular  works. 

The  smith  has  likewise  a  variety  of  punches  of  all  shapes  and 
sizes,  for  making  holes  of  corresponding  forms ;  and  also  drifts 
)r  mandrels,  used  alone  for  finishing  them,  many  of  which,  like 
ic  turned  cones,  are  made  from  a  small  to  a  large  size  to 

>r  objects  of  various  sizes.  Two  examples  of  the  very  dexterous 
of  punches,  are  in  the  hands  of  almost  every  person,  namely, 

mlinnry  scissors  and  pliers. 
The  first  are  made  from  a  small  bar  of  flat  steel ;  the  end  is 

flattened  and  punched  »vith  a  small  round  hole,  which  is  gradually 

•ned  upon  a  beak-iron,  fig.  130,  attached  to  the  square  hole 
the  anvil;  the  beak-iron  has  a  shallow  groove  (accidentally 

In  practice  the  recew  in  the  bottom  tool  would  be  deeper,  and  taper  or  larger 
i  to  guide  the  tool  more  easily  to  its  place ;  but  if  so  drawn  the  figure  would 

>  been  lew  distinct 
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omitted)  for  rounding  the  inside  of  the  bows.  The  remaining 
parts  of  the  scissors  are  moulded  jointly  by  the  hammer,  and 
bottom  swage  tools ;  but  the  bows  are  mostly  finished  by  the  eye 
alone. 

In  the  Lancashire  pliers,  the  central  half  of  the  joint  is  first 
made ;  the  aperture  in  the  other  part  is  then  punched  through 

sideways,  and  sufficiently  bulged  out  to  allow  the  middle  joint  to 
be  passed  through,  after  which  the  outsides  are  closed  upon  the 

center.  This  proceeding  exhibits,  in  the  smallest  kinds  espe- 
cially, a  surprising  degree  of  dexterity  and  dispatch,  only  to  be 

arrived  at  by  very  great  practice;  and  which  in  this  and  numerous 
other  instances  of  manufacture  could  be  scarcely  attained  but 
for  the  enormous  demand,  which  enables  a  great  subdivision  of 

labour  to  be  successfully  applied  to  their  production.* 

*  The  reader  will  derive  pleasure  from  the  perusal  of  Mr.  Cornelius  Varley's 
paper  "  On  working  Iron  and  Steel,"  in  vol.  xlviii.  part  ii.  page  250,  of  the 
"  Transactions  of  the  Society  of  Arts."  The  remarks  on  forging  iron  are  perhaps 
rather  speculative  than  practical :  two  points  are  principally  insisted  upon ;  the 
one,  the  necessity  for  introducing  between  welded  surfaces  some  matter  containing 

carbon,  as  the  filings  of  steel  or  cast-iron,  to  avoid  the  oxidation  of  the  surfaces  in 
the  fire,  as  if  oxidized  they  would  be  prevented  from  becoming  soundly  welded. 

The  other  point  is,  the  propriety  of  forging  works,  such  as  anchors  in  moulds,  by 
which  the  condensation  of  the  metal  would  be  uniformly  effected,  without  the 
power  of  its  stretching  unequally  at  different  parts,  by  which  Mr.  Varley  supposes 

some  of  the  layers  or  fibres  are  strained  almost  to  breaking,  and  therefore  deprive 
the  mass  of  so  much  of  its  apparent  strength. 

The  remarks  on  steel  also  refer  to  the  necessity  of  good  primary  forging  and 
hammering  to  produce  homogeneity ;  and  also  to  many  of  the  other  points  generally 
admitted  by  practical  men  as  being  conducive  to  the  success  of  hardening. 

The  reader  is  also  referred  to  the  Appendix  of  this  volume,  Notes  C.  D.  E.,  pages 
460  to  462  ;  and  likewise  to  the  Appendix  of  the  second  volume,  Notes  Q  and  R, 

pages  958 — 962,  at  which  latter  place  are  given  some  particulars  of  Nasniy  th's  Patent 
Direct-action  Steam  Hammer  and  also  of  his  Patent  Steam  Pile-Driving  Engine. 
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HAUPF.XINO  AND  TEiII'KKIN<  i. 

SECT.    I.— GENERAL    VIEW    OF    THE    SUBJECT. 

WHEN  the  malleable  metals  are  hammered,  or  rolled,  they 

_m •iii-rally  incrense  in  hardness,  in  elasticity,  and  in  density  or 
specific  gravity  ;  which  effects  are  produced  simply  from  the 

r  approximation  of  their  particles,  and  in  this  respect  steel 
may  be  perhaps  considered  to  excel,  as  the  process  called 

hammer-hardening,  which  simply  means  hammering  without 
hent,  is  frequently  employed  as  the  sole  means  of  hardening  some 
kinds  of  steel  springs,  and  for  which  it  answers  remarkably  well. 

After  a  certain  degree  of  compression,  the  malleable  metals 
assume  their  closest  and  most  condensed  states;  and  it  then 

becomes  necessary  to  discontinue  the  compression  or  elongation, 
as  it  would  cause  the  disunion  or  cracking  of  the  sheet  or  wire, 

in-  rise  the  metal  must  be  softened  by  the  process  of  annealing. 
The  metals,  lead,  tin,  and  zinc,  are  by  some  considered  to  be 

perceptibly  softened  by  immersion  in  boiling  water;  but  such  of 

tin1  metals  as  will  bear  it  are  generally  heated  to  redness,  the 
cohesion  of  the  mass  is  for  the  time  reduced,  and  the  metal 

becomes  as  soft  as  at  first,  and  the  working  and  annealing  may 
be  thus  alternately  pursued,  until  the  sheet  metal,  or  the  wire, 

reaches  its  limit  of  tenuity. 
The  generality  of  the  metals  and  alloys  suffer  no  very 

observable  change,  whether  or  not  they  are  suddenly  quenched 
in  water  from  the  red  heat.  Pure  hammcm!  iron,  like  the  rest, 

appears  after  annealing,  to  be  equally  soft  whether  suddenly 
or  slowly  cooled ;  some  of  the  impure  kinds  of  malleable  iron 
harden  by  immersion,  but  only  to  an  extent  that  is  rather 

hurff  il  than  useful,  and  which  may  be  considered  as  an  acci- 
;  quality. 

1  howevi .  s  by  sudden  cooling  that  extreme  degree 
>f  hardness  combined  with  tenacity,  which  places  it  so  incalculably 
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beyond  every  other  material  for  the  manufacture  of  cutting 
tools;  especially  as  it  likewise  admits  of  a  regular  gradation 
from  extreme  hardness  to  its  softest  state,  when  subsequently 

re-heated  or  tempered.  Steel  therefore  assumes  a  place  in  the 
economy  of  manufactures  unapproachable  by  any  other  material ; 

consequently  we  may  safely  say  that  without  it,  it  would  be 
impossible  to  produce  nearly  all  our  finished  works  in  metal  and 
other  hard  substances ;  for  although  some  of  the  metallic  alloys 

are  remarkable  for  hardness,  and  were  used  for  various  imple- 
ments of  peaceful  industry,  and  also  those  of  war,  before  the 

invention  of  steel ;  yet  in  point  of  absolute  and  enduring  hard- 
ness, and  equally  so  in  respect  to  elasticity  and  tenacity,  they 

fall  exceedingly  short  of  hardened  steel. 

Hammer-hardening  renders  the  steel  more  fibrous  and  less 

crystalline,  and  reduces  it  in  bulk;  on  the  other  hand,  fire  harden- 
ing makes  steel  more  crystalline,  and  frequently  of  greater  bulk; 

but  the  elastic  nature  of  hammer-hardened  steel,  will  not  take  so 

wide  nor  so  efficient  a  range  as  that  which  is  fire-hardened. 
If  we  attempt  to  seek  the  remarkable  difference  between  pure 

iron  and  steel  in  their  chemical  analysis,  it  appears  to  result 

from  a  minute  portion  of  carbon ;  and  cast-iron,  which  possesses 
a  much  larger  share,  presents,  as  we  should  expect,  somewhat 

similar  phenomena.*  Moreover,  as  the  hard  and  soft  conditions 
of  steel  may  be  reversed  backwards  and  forwards  without  any 
rapid  chemical  change  in  its  substance,  it  has  been  pronounced 

*  Iron  semi-steelified   contains  one  1 50th  of  carbon. 

Soft  cast-steel  capable  of  welding       ...  „  120th        „ 
Cast-steel  for  common  purposes      ...  „  100th         „ 
Cast-steel  requiring  more  hardness    ...  „  90th        „ 
Steel  capable  of  standing  a  few  blows,  but  i  fjofh 

quite  unfit  for  drawing   .         .         .         .  J 
First  approach  to  a  steely  granulated  fracture  „  30th  to  40th 

White  cast-iron    „  25th         „ 
Mottled  cast-iron    „  20th         „ 
Carbonated  cast-iron    „  15th         „ 
Super- carbonated  crude  iron          ...  „  12th        „ 

Mushot's  Papers,  p.  256. 

For  the  mode  of  analysis  for  ascertaining  the  quantity  of  carbon  in  cast-iron  and 
steel,  invented  by  M.  V.  Regnault,  Mining  Engineer,  See  Annales  de  Chimic  cl  de 
Physique,  for  January  1839 ;  also  Journal  of  the  Franklin  Institute,  vol.  25,  p.  327. 
It  is  stated  that  the  analysis  is  very  easy  and  exact,  and  may  be  completed  in 
half  an  hour. 
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to  result  from  internal  arrant-incut   or  crystallization,  wl 
may  he  in  a  decree  illustrated  and  explained  by  similar  changes 
observed  in  glass. 

A  \\ine-glass,  or  other  object  recently  blown,  and  plunged 
whilst  red-hot  into  cold  water,  cracks  in  a  thousand  places,  and 

ii  cooled  in  warm  air  it  is  very  brittle,  and  will  scarcely  endure 

the  slightest  violence  or  sudden  change  of  temperature;  and 
visitors  to  the  glass-house  are  often  shown  that  a  wine-glass  or 
other  article  of  irregular  form,  breaks  in  cooling  in  the  open  air 

from  its  unequal  contraction  at  different  parts.  But  the  objects 
would  have  become  useful,  and  less  disposed  to  fracture,  if  they 
had  been  allowed  to  arrange  their  particles  gradually,  during 
their  very  slow  passage  through  the  long  annealing  oven  or  leer 

of  the  glass-house,  the  end  at  which  they  enter  being  at  the  red 
heat,  and  the  opposite  extremity  almost  cold. 

To  perfect  the  annealing,  it  is  not  unusual  with  lamp-glasses, 
tubes  for  steam-gages,  and  similar  pieces  exposed  to  sudden  tran- 

sitions of  heat  and  cold,  to  place  them  in  a  vessel  of  cold  water, 

which  is  slowly  raised  to  the  boiling  temperature,  kept  for  some 
hours  at  that  heat,  and  then  allowed  to  cool  very  slowly :  the 
effect  thus  produced  is  far  from  chimerical.  For  such  pieces  of 

flint  glass  intended  for  cutting,  as  are  found  to  be  insufficiently 
annealed,  the  boiling  is  sometimes  preferred  to  a  second  passage 

through  the  leer :  lamp- glasses  are  also  much  less  exposed  to 
fracture  when  they  have  been  once  used,  as  the  heat  if  not  too 

suddenly  applied  or  checked,  completes  the  annealing. 
Steel  in  like  manner  when  suddenly  cooled  is  disposed  to 

crack  in  pieces,  which  is  a  constant  source  of  anxiety ;  the 
danger  increases  with  the  thickness  in  the  same  way  as  with 

glass,  and  the  more  especially  when  the  works  are  unequally 
thick  and  thin. 

Another  ground  of  analogy  between  glass  and  steel,  appears 
to  exist  in  the  pieces  of  unannealed  glass  used  for  exhibiting  the 

phenomena,  formerly  called  double  refraction,  but  now  polariza- 
tion of  light ;  an  effect  distinctly  traced  to  its  peculiar  crystalline 

structure. 

In  glass  it  is  supposed  to  arise  from  the  cooling  of  the  external 
crust  more  rapidly  than  the  internal  mass;  the  outer  crust  is 
therefore  in  a  state  of  tension,  or  restraint,  from  an  attempt  to 
jueeze  the  inner  mass  into  a  smaller  space  than  it  seems  to 

and  from  the  hasty  arrangement  of  the  unauncaled 
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glass,  the  natural  positions  of  its  crystals  are  in  a  measure 
disturbed  or  dislocated.* 

In  the  philosophical  toy,  the  Prince  Rupert's  drop,  this  dis- 
ruption is  curiously  evident  to  the  sight,  as  the  inner  substance 

is  cracked  and  divided  into  a  multitude  of  detached  parts,  held 

together  by  the  smooth  external  coat.  The  unannealed  glass, 
when  cautiously  heated  and  slowly  cooled,  ceases  to  present  the 
polarizing  effect,  and  the  steel  similarly  treated  ceases  to  be  hard, 
and  may  we  not  therefore  indulge  in  the  speculation,  that  in  both 
cases  a  peculiar  crystalline  structure  is  consequent  upon  the 
unannealed  or  hardened  state  ? 

In  the  process  of  hardening  steel,  water  is  by  no  means 
essential,  as  the  sole  object  is  to  extract  its  heat  rapidly,  and 
the  following  are  examples,  commencing  with  the  condition  of 
extreme  hardness,  and  ending  with  the  reverse  condition. 

A  thin  heated  blade  placed  between  the  cold  hammer  and  anvil, 
or  other  good  conductors  of  heat,  becomes  perfectly  hard.  Thicker 

pieces  of  steel,  cooled  by  exposure  to  the  air  upon  the  anvil,  be- 
come rather  hard,  but  readily  admit  of  being  filed.  They  become 

softer  when  placed  on  the  cold  cinders,  or  other  bad  conductors  of 
heat.  Still  more  soft  when  placed  in  hot  cinders,  or  within  the 

fire  itself,  and  cooled  by  their  gradual  extinction.  When  the 
steel  is  encased  in  close  boxes  with  charcoal  powder,  and  it  is 

raised  to  a  red-heat  and  allowed  to  cool  in  the  fire  or  furnace,  it 
assumes  its  softest  state ;  unless  lastly,  we  proceed  to  its  partial 
decomposition.  This  is  done  by  enclosing  the  steel  with  iron 

turnings  or  filings,  the  scales  from  the  smith's  anvil,  lime,  or  other 
matters  that  will  abstract  the  carbon  from  its  surface ;  by  this 
mode  it  is  superficially  decarbonized,  or  reduced  to  the  condition 

of  pure  soft  iron,  in  the  manner  practised  by  Mr.  Jacob  Perkins, 

in  his  most  ingenious  and  effective  combination  of  processes,  em- 
ployed for  producing  in  unlimited  numbers,  absolutely  identical 

impressions  of  bank  notes  and  cheques,  for  the  prevention  of 
forgery.  These  methods  of  treating  steel  will  be  hereafter  noticed. 

*  Mr.  Pellatt  bas  shown  experimentally,  that  a  re-arrangement  of  the  particles 
of  glass  occurs  in  the  process  of  annealing,  as  of  two  pieces  of  the  same  tube  each 

40  inches  long,  the  one  sent  through  the  leer,  contracted  one-sixteenth  of  an  inch 
more  than  the  other,  which  was  cooled  as  usual  in  the  open  air.  Tubes  for  philo- 

sophical purposes  are  not  annealed,  as  their  inner  surfaces  are  apt  to  become 
soiled  with  the  sulphur  of  the  fuel ;  they  are  in  consequence  very  brittle  and 

liable  to  accident.  For  other  interesting  particulars  concerning  flint-glass,  tee 
Minutes  of  Conversation,  Inst.  Civ.  Eng.,  1840,  pp.  37  to  41. 
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A  nearly  .similar  variety  of  conditions  might  be  referred  to  as 
ordinary  state,  governed  by  the  mag- 

nitude, quality,  and  management  of  the  castings  ;  independently 

of  which,  by  one  particular  method,  some  cast-iron  may  be 
ivndrivd  externally  as  hard  as  the  hardest  steel ;  such  are  called 

chilletl-intn  mutiny*  ;  and,  as  the  opposite  extreme,  by  a  method 
of  annealing  combined  with  partial  decomposition,  malleable-iri>ii 
cast i Hys  may  be  obtained,  so  that  cast-iron  nails  may  be  clenched. 

Again,  the  purest  iron,  and  most  varieties  of  cast-iron,  may,  by 
nnot  her  proceeding,  be  superficially  converted  into  steel,  and  then 

hardened,  the  operation  being  appropriately  named  case-harden- 

/'////.  1  therefore  propose  to  illustrate  these  phenomena  collec- 
tiuly,  tinder  three  divisions:  first  the  hardening  and  tempering 

of  steel ;  secondly,  the  hardening  and  annealing  of  cast-iron ; 
and  thirdly,  the  process  of  case-hardening. 

SECTION  II. — PRACTICE  OF  HARDENING  AND  TEMPERING  STEEL. 

IT  may  perhaps  be  truly  said,  that  upon  no  one  subject  con- 
nected with  mechanical  art  does  there  exist  such  a  contrariety  of 

opinion,  not  unmixed  with  prejudice,  as  upon  that  of  hardening 
and  tempering  steel ;  which  makes  it  often  difficult  to  reconcile 
the  practices  followed  by  different  individuals  in  order  to  arrive 
at  exactly  similar  ends.  The  real  difficulty  of  the  subject  occurs 
in  part  from  the  mysteriousness  of  the  change;  and  from  the 
absence  of  defined  measures,  by  which  either  the  steps  of  the 

process  itself,  or  the  value  of  the  results  when  obtained,  may 
be  satisfactorily  measured ;  as  each  is  determined  almost  alone 
by  the  unassisted  senses  of  sight  and  touch,  instead  of  by  those 
physical  means  by  which  numerous  other  matters  may  be  strictly 
tested  and  measured,  nearly  without  reference  to  the  judgment 

of  the  individual,  which  in  its  very  nature  is  less  to  be  relied 

upon. 
The  excellence  of  cutting  tools,  for  instance,  is  pronounced 

upon  their  relative  degrees  of  endurance,  but  many  accidental 
circumstances  here  interfere  to  vitiate  the  strict  comparison  : 

and  in  respect  to  the  measure  of  simple  hardness,  nearly  tin- 
only  test  is  the  resistance  the  objects  offer  to  the  file,  a  mode  in 

t\\o  vrayi  <i.  fective,  a>  the  files  differ  amongst  themselves  in 
hardnos  ;  and  they  only  serve  to  indicate  in  an  imperfect  manner 

to  the  touch  ot  the  individual,  a  general  notion  without  any 
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distinct  measure,  so  that  when  the  opinion  of  half  a  dozen  per- 

sons may  be  taken,  upon  as  many  pieces  of  steel  differing  but 

slightly  in  hardness ;  the  want  of  uniformity  in  their  decisions 
will  show  the  vague  nature  of  the  proof. 

Under  these  circumstances,  instead  of  recommending  any 

particular  methods,  I  have  determined  to  advance  a  variety  of 

practical  examples  derived  from  various  sources,  which  will 
serve  in  most  cases  to  confirm,  but  in  some  to  confute  one 

another ;  leaving  to  every  individual  to  follow  those  examples 

which  may  be  the  most  nearly  parallel  with  his  own  wants.  There 
are  however  some  few  points  upon  which  it  may  be  said  that  all 
are  agreed ;  namely, 

The  temperature  suitable  to  forging  and  hardening  steel  differs 
in  some  degree  with  its  quality  and  its  mode  of  manufacture ;  the 
heat  that  is  required  diminishes  with  the  increase  of  carbon : 

In  every  case  the  lowest  available  temperature  should  be  employed 
in  each  process,  the  hammering  should  be  applied  in  the  most  equal 
manner  throughout,  and  for  cutting  tools  it  should  be  continued 
until  they  are  nearly  cold : 

Coke  or  charcoal  is  much  better  as  a  fuel  than  fresh  coal,  the 

sulphur  of  which  is  highly  injurious  : 
The  scale  should  be  removed  from  the  face  of  the  work  to 

expose  it  the  more  uniformly  to  the  effect  of  the  cooling  medium  : 

Hardening  a  second  time  without  the  intervention  of  hammer- 
ing is  attended  with  increased  risk ;  and  the  less  frequently  steel 

passes  through  the  fire  the  better. 

In  hardening  and  tempering  steel  there  are  three  things  to  be 

considered ;  namely,  the  means  of  heating  the  objects  to  redness, 
the  means  of  cooling  the  same,  and  the  means  of  applying  the 
heat  for  tempering  or  letting  them  down.  I  will  speak  of  these 

separately,  before  giving  examples  of  their  application. 
The  smallest  works  are  heated  with  the  flame  of  the  blowpipe 

and  are  occasionally  supported  upon  charcoal ;  but  as  the  blow- 
pipe is  used  to  a  far  greater  extent  in  soldering,  its  management 

will  be  described  in  the  chapter  devoted  to  that  process. 
For  objects  that  are  too  large  to  be  heated  by  the  blowpipe, 

and  too  small  to  be  conveniently  warmed  in  the  naked  fire, 
various  protective  means  are  employed.  Thus  an  iron  tube  or 
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•heet-irou  ho\  inserted  in  the  midst  of  tin-  ignited  fuel  i>  ;i  | 
:uul  cleanly  way;  it  resemble*  the  mnllle  employed  in  chemical 
works.  The  work  is  then  managed  with  long  forceps  made  of 
steel  or  iron  wire,  bent  in  the  form  of  the  letter  U,  and  flattened 

IT  hollowed  at  the  ends.  A  crucible  or  an  iron  pot  about  four  to 
six  inehes  deep,  filled  with  lead  and  heated  to  redness,  is  likewise 

ilent,  but  more  particularly  for  long  and  thin  tools,  such 
as  gravers  for  artists,  and  other  slight  instruments;  several 

of  these  may  be  inserted  at  once,  although  towards  the  last  they 
should  be  moved  about  to  equalise  the  heat ;  the  weight  of  the 

nmkes  it  desirable  to  use  a  bridle  or  trevet  for  the  support 
of  the  crucible.  Some  workmen  place  on  the  fire  a  pan  of 
charcoal  dust,  and  heat  it  to  redness. 

Great  numbers  of  tools,  both  of  medium  and  large  size,  are 
d  in  the  ordinary  forge  fire,  which  should  consist  of  cinders 

rather  than  fresh  coals;  coke  and  also  charcoal  are  used,  but 
far  less  generally;  recourse  is  also  had  to  hollow  fires,  the  con- 

ation of  which  was  explained  at  page  204;  but  the  bellows 
should  be  very  sparingly  used,  except  in  blowing  up  the  fire 
before  the  introduction  of  the  work,  which  should  be  allowed 

ample  time  to  get  hot,  or  as  it  is  called,  to  "  soak."  * 
\Vliich  method  soever  may  be  resorted  to  for  heating  the  work, 

the  greatest  care  should  be  given  to  communicate  to  all  the 
parts  requiring  to  be  hardened  a  uniform  temperature,  and 
which  is  only  to  be  arrived  at  by  cautiously  moving  the  work  to 
and  fro  to  expose  all  parts  alike  to  the  fire ;  the  difficulty  of 

accomplishing  this  of  course  increases  with  long  objects,  for 
which  fires  of  proportionate  length  are  required. 

far  better  to  err  on  the  side  of  deficiency  than  of  excess 
of  heat ;  the  point  is  rather  critical,  and  not  alike  in  all  varieties 

^teel.     Until  the  quality  of  the  steel  is  familiarly  known, 
a  safe  precaution  to  commence  rather  too  low  than  other- 

wise, as  then  the  extent  of  the  mischief  will  be  the  nece- 
for  a  repetition  of  the  process  at  a  higher  degree  of  heat;  but 

•  It  i»  a  common  and  excellent  practice  amongst  the  Sheffield  workmen  to  use 
coke  both  in  forging  and  hardening  steel  goods.  They  frequently  prepare  it  for 
themselves,  either  upon  the  forge  hearth  or  in  a  heap  in  the  open  yard.  In  that 
celebrated  town  a  decided  preference  is  given,  for  the  purpose  of  hardening,  to  the 

1'J.t  coke  of  the  Deepcar  coal,  which  is  obtained  about  eight  miles  N.W.  of  Shef- 
field, although  for  ordinary  use  and  for  forging,  this  is  considered  an  inferior  kind 
il.  and  of  light  quality  ;  other  workmen  prefer  charcoal  for  hardening. 
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the  steel  if  burned  or  overheated  will  be  covered  with  scales, 

and  what  is  far  worse,  its  quality  will  be  permanently  injured  ; 
a  good  hammering  will,  in  a  degree,  restore  it;  but  this  in 

finished  works  is  generally  impracticable.* 
Less  than  a  certain  heat  fails  to  produce  hardness,  and  in  the 

opinion  of  some  workmen  has  quite  the  opposite  effect,  and  they 
consequently  resort  to  it  as  the  means  of  rapid  annealing,  not 

however,  by  plunging  the  steel  into  the  water  and  allowing  it  to 
remain  until  cold ;  but  dipping  it  quickly,  holding  it  in  the 
steam  for  a  few  moments,  dipping  it  again  and  so  on,  reducing 
it  to  the  cold  state  in  a  hasty  but  intermittent  manner. 

There  is  another  opinion  prevalent  amongst  workmen,  that 

steel  which  is  "pinny''  or  as  if  composed  of  a  bundle  of  hard 
wires,  is  rendered  uniform  in  its  substance  if  it  is  first  hardened 
and  then  annealed. 

Secondly,  the  choice  of  the  cooling  medium  has  reference 
mainly  to  the  relative  powers  of  conducting  heat  they  severally 
possess :  the  following  have  been  at  different  times  resorted  to 
with  various  degrees  of  success  :  currents  of  cold  air ;  immersion 

*  It  is  argued  by  some,  that  by  heating  pieces  of  steel  to  different  degrees,  before 
plunging  them  into  the  water,  the  one  piece  attains  full  hardness,  the  next  the  temper 
of  a  tool  fit  for  metal,  another  of  a  tool  fit  for  wood,  a  fourth  that  of  a  spring,  and 
so  on.  That  this  view  is  not  altogether  without  foundation,  appears  in  the  fact  that  if 
the  end  of  a  piece  of  steel  be  made  entirely  hard,  the  transition  is  not  quite  immediate 

from  the  hard  to  the  soft  part;  and  Mr.  Ross,  in  making  the  dividing-points,  for 
his  dividing-engine,  hardens  the  end  of  a  longer  piece  of  steel  than  is  required,  and 
forms  the  point  upon  the  grindstone,  exactly  at  the  part  where  the  temper  suits, 
without  the  steel  being  let  down  at  all ;  a  practice  first  employed  by  Mr.  Stancliffe, 
a  workman  formerly  employed  by  the  celebrated  Ramsden.  In  hardening  by  this 
method  however  with  out  tempering,  the  scale  of  proper  hardness  is  confined  within 
such  extremely  narrow  limits,  as  to  be  nearly  useless ;  thus,  it  frequently  happens 
that  in  a  number  of  tools  heated  as  nearly  alike  as  the  workman  could  judge,  some 
few  will  be  found  too  soft  for  any  use,  although  they  were  all  intended  to  receive 

the  ordinary  hardness,  so  as  to  require  letting  down,  as  usual  with  those  tools 

exposed  to  violent  strains  or  blows,  such  as  screw-taps,  cold  chisels  and  hatchets, 
although  many  tools  for  metal,  used  with  quiet  and  uniform  pressure,  are  left  of 
the  full  hardness  for  greater  durability, 

With  the  excess  of  heat,  beyond  the  lowest  that  will  suffice,  the  brittleness  rather 
than  the  useful  hardness  of  tools  is  increased ;  and  when  no  excess  of  heat  is 

employed  beyond  that  absolutely  requisite  for  hardening  in  the  usual  manner,  the 
steel  does  not  appear  to  be  injured,  and  the  colours  on  its  brightened  surface  that 
occur  in  tempering  are  an  excellent,  and  in  general,  sufficiently  trustworthy  index 
of  the  inferior  degrees  of  hardness  proper  for  various  uses. 
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water  in  various  states,  in  (,il  or  wax,  and  in  freezing  n    \ 
mercury,  and  flat  metallic  surfaces  have  he 

Mr.  Stodart  recommended  as  the  result  of  lii>  experiments, 

plain  water  at  a  temperature  of  40°  Fahivnlu-it.  On  the  whole, 
however,  there  appears  to  be  an  opinion  that  mercury  gives  the 
greatest  degree  of  hardness ;  then  cold  salt  and  water,  or  water 

mixed  with  various  "astringent  and  acidifying  matters  ;"  plain 
water  follows;  and  lastly,  oily  mixtures.* 

A  so-called  natural  spring  is  made  by  a  vessel  with  a  true  and 
a  false  bottom,  the  latter  perforated  with  small  holes  ;  it  is  filled 

with  water,  and  a  copious  supply  is  admitted  beneath  the  par- 
tition ;  it  ascends  through  the  holes,  and  pursues  the  same  current 

as  the  heated  portions,  which  also  escape  at  the  top.  This  was 
invented  by  the  late  John  Oldham,  Esq.,  Engineer  to  the  Bank 
of  England,  and  was  used  by  him  in  hardening  the  rollers  for 

transferring  the  impressions  to  the  steel-plates  for  bank-notes. 
Sometimes  when  neighbouring  parts  of  works  are  required  to 

be  respectively  hard  and  soft,  metal  tubes  or  collars  are  fitted 
ti^ht  upon  the  work,  to  protect  the  parts  to  be  kept  soft  from 
the  direct  action  of  the  water,  at  any  rate  for  so  long  a  period 
as  they  retain  the  temperature  suitable  to  hardening. 

The  process  of  hardening  is  generally  one  of  anxiety,  as  the 

*  I  find  but  one  person  who  has  commonly  used  the  mercury  ;  many  presume 
upon  the  good  conducting  power  of  the  metal,  and  the  nonformation  of  steam,  v. 
causes  a  separation  betwixt  the  steel  and  water  when  the  latter  is  employed  as  the 
cooling  medium.  I  have  failed  to  learn  the  rauon  of  the  advantage  of  salt  and 
water,  unless  the  fluid  have,  as  well  as  a  greater  density,  a  superior  conducting 

power.  The  file-makers  medicate  the  water  in  other  ways,  but  this  is  one  of  the 
questionable  mysteries  which  is  never  divulged ;  although  it  is  supposed  that  a 
small  quantity  of  white  asenic  is  generally  added  to  water  saturated  with  salt  One 
thing  however,  may  be  noticed,  that  articles  hardened  in  salt  and  water  are  apt  to 

rust,  unless  they  are  laid  for  a  time  in  lime-water,  or  some  neutralising  agent 

'A  .'h  plain  water  an  opinion  very  largely  exists  in  favour  of  that  which  has  been 
used  over  and  over  again  even  for  years,  provided  it  is  not  greasy ;  and  when  the 
steel  is  very  harsh,  tht  chill  is  taken  off  plain  water  to  lessen  the  risk  of  cracking 

ly  mixtures  impart  to  &»*  articles,  such  a*  springs,  a  sufficient  and  milder 
degree  of  hardness,  with  less  danger  of  cracking,  than  from  water ;  and  in  some 
cases  a  medium  course  is  pursued  by  covering  the  water  with  a  thick  film  of  oil, 

i  is  said  to  be  adopted  occasionally  with  scythes,  reaping-hooks,  and  thin 

•dge-tools. 
Having  experimented  upon  all  these  means,  I  am  induced  fully  to  acquiesce  in 

>todart's  recommendation  of  plain  cold  water  for  general  purposes ;  except  in 
me  of  thin  elastic  works,  for  which  oil,  nr  oily  compositions  are  certainly  more 

••r,  and  some  of  these  are  described  in  page  849. 

R  2 
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sudden  transition  from  heat  to  cold  often  causes  the  works  to 

become  greatly  distorted  if  not  cracked.  The  last  accident  is  much 
the  most  likely  to  occur  with  thick  massive  pieces,  which  are  as 
it  were  hardened  in  layers,  as  although  the  external  crust  or 

shell  may  be  perfectly  hard,  there  is  almost  a  certainty  that  to- 
wards the  center  the  parts  are  gradually  less  hard;  and  when  broken 

the  inner  portions  will  sometimes  admit  of  being  readily  filed. 
When  in  the  fire  the  steel  becomes  altogether  expanded,  and 

in  the  water  its  outer  crust  is  suddenly  arrested,  but  with  a  ten- 
dency to  contract  from  the  loss  of  heat,  which  cannot  so  rapidly 

occur  at  the  central  part ;  it  may  be  therefore  presumed  that 
the  inner  bulk  continues  to  contract  after  the  outer  crust  is  fixed, 

and  which  tends  to  tear  the  two  asunder,  the  more  especially  if 

there  be  any  defective  part  in  the  steel  itself.  An  external  flake 

of  greater  or  less  extent  not  unfrequently  shells  off  in  harden- 
ing ;  and  it  often  happens  that  works  remain  unbroken  for  hours 

after  removal  from  the  water,  but  eventually  give  way  and  crack 
with  a  loud  report,  from  the  rigid  unequal  tension  produced  by 
the  violence  of  the  process  of  hardening. 

The  contiguity  of  thick  and  thin  parts  is  also  highly  danger- 
ous, as  they  can  neither  receive,  nor  yield  up  heat,  in  the  same 

times ;  the  mischief  is  sometimes  lessened  by  binding  pieces  of 
metal  around  the  thin  parts  with  wire,  to  save  them  from  the 
action  of  the  cooling  medium.  Sharp  angular  notches  are  also 
fertile  sources  of  mischief,  and  where  practicable  they  should  be 
rejected  in  favour  of  curved  lines. 

As  regards  both  cracks  and  distortions,  it  may  perhaps  be 

generally  said,  that  their  avoidance  depends  principally  upon 
manipulation,  or  the  successful  management  of  every  step :  first  the 
original  manufacture  of  the  steel,  its  being  forged  and  wrought, 
so  that  it  may  be  equally  condensed  on  all  sides  with  the  hammer, 
otherwise  when  the  cohesion  of  the  mass  is  lessened  from  its 

becoming  red-hot,  it  recovers  in  part  from  any  unequal  state  of 
density  in  which  it  may  have  been  placed. 

Whilst  red-hot,  it  is  also  in  its  weakest  condition ;  it  is  there- 
fore prone  to  injury  either  from  incautious  handling  with  the 

tongs,  or  from  meeting  the  sudden  cooling  action  irregularly,  and 
therefore  it  is  generally  best  to  plunge  works  vertically,  as  all  parts 
are  then  exposed  to  equal  circumstances,  and  less  disturbance  is 

risked  than  when  the  objects  are  immersed  obliquely  or  side- 



I    FOE   TK\ 

-  into  the  \vatrr;  although  for  swords,  and  objects  of  similar 
i,  it   is  found  the  best  to  dip  them  exactly  as  in  making  a 

u-al  downward  cut  with  a  sabre,  which  for  this  weapon  is  its 
strongest  direction. 

Occasionally  objects  are  clamped  between  stubborn  pieces  of 

MH -ttil,  as  soft  iron  or  copper,  during  their  passage  through  the 
tin-  and  water.  Such  plans  can  be  seldom  adopted  and  arc 
rarely  followed,  the  success  of  the  process  being  mostly  allowed 

to  depend  exclusively  upon  good  general  management.* 
///  nil  nixes  the  thick  unequal  scale  left  from  the  forge  should 
:round  off  before  hardening,  in  order  to  expose  a  clean  metallic 

surface,  otherwise  the  cooling  medium  cannot  produce  its  due 
and  equal  effect  throughout  the  instrument.  The  edges  also 
should  be  left  thick,  that  they  may  not  be  burned  in  the  fire ; 
thus  it  will  frequently  happen  that  the  extreme  end  or  edge  of  a 

tool  is  inferior  in  quality  to  the  part  within,  and  that  the  instru- 
ment is  much  better  after  it  has  been  a  few  times  ground ;  in 

urging  this  point,  I  cannot  do  better  than  quote  the  couplet  in- 

serted in  Moxon's  Mechanick  Exercises,  and  which  he  describes 
as  having  been  very  old  and  familiar  to  smiths  even  in  his  day— 

"  He  that  will  a  good  Edge  win. 

Must  Forge  thick  and  Grind  thin." 

Thirdly,  the  heat  for  tempering  or  letting  down.  Between 
the  extreme  conditions  of  hard  and  soft  steel  there  are  many 

intermediate  grades,  the  common  index  for  which  is  the  oxida- 
tion of  the  brightened  surface,  and  it  is  quite  sufficient  for 

practice.  These  tints,  and  their  respective  approximate  tempe- 
ratures, were  tabulated  by  Mr.  Stodart. 

1     V  .  ry  palo  straw  yellow  . 
2.  A  shade  of  darker  yellow  . 

.     430  deg 
.    450    „ ''  |  Tools  for  metal. 

8.  Darker  straw  yellow .     470    „ 
}  Tools     for    wood     and 

4.  Still  darker  straw  yellow   . .     490    „ screw  tape,  Ac, 

6.  A  browu  yellow     .... .     500    „ 
1  HatcheU,   chipping   chi- 6.  A  yellow,  tinged  slightly  with  purple .     520    „ 
L     sebi,  and  other  porcus- 

7.  Light  purple          .... .     530    „ J      sive  tools,  saws,  4c. 
8.  Dark  purple         .     550    „ 1 

9.  Dork  blue         •     570    „ 

J    Pnn8m- 

iler  blue             •     WO    „ 

1  j>nler  blue       . .     610    „ Too  soft  for  the  above 

.",  with  a  tinge  of  green .     630    ,, 
purposes. 

*  Mi.  .Ionian  informs  me  that  in  making  the  magnets  for  Fox's  dipping  Needle*, 
which  are  about  ten  inches  long,  one-fourth  of  an  inch  wide,  and  the  two  hundredth 
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The  first  tint  arrives  at  about  430°  F.,  but  it  is  only  seen  by 
comparison  with  a  piece  of  steel  not  heated  :  the  tempering 

colours  differ  slightly  with  the  various  qualities  of  steel.* 
The  heat  for  tempering  being  moderate,  it  is  often  supplied 

by  the  part  of  the  tool  not  requiring  to  be  hardened,  and  which 
is  not  therefore  cooled  in  the  water.  The  workman  first  hastily 
tries  with  a  file  whether  the  work  is  hard ;  he  then  partially 

brightens  it  at  a  few  parts  with  a  piece  of  grindstone  or  an 
emery  stick,  that  he  may  be  enabled  to  watch  for  the  required 

colour ;  which  attained,  the  work  is  usually  cooled  in  any  conve- 
nient manner,  lest  the  body  of  the  tool  should  continue  to  supply 

heat.  But  when,  on  the  contrary,  the  colour  does  not  otherwise 
appear,  partial  recurrence  is  had  to  the  mode  in  which  the  work 
was  heated,  as  the  flame  of  the  candle,  or  the  surface  of  the  clear 

fire  applied  if  possible,  a  little  below  the  part  where  the  colour 
is  to  be  observed,  that  it  may  not  be  soiled  by  the  smoke. 

A  very  convenient  and  general  manner  of  tempering  small 
objects,  is  to  heat  to  redness  a  few  inches  of  the  end  of  a  fiat  bar 
of  iron  about  two  feet  long ;  it  is  laid  across  the  anvil,  or  fixed 
by  its  cold  extremity  in  the  vice ;  and  the  work  is  placed  on  that 
part  of  its  surface  which  is  found  by  trial  to  be  of  the  suitable 

temperature,  by  gradually  sliding  the  work  towards  the  heated 
extremity.  In  this  manner  many  tools  may  be  tempered  at 
once,  those  at  the  hot  part  being  pushed  off  into  a  vessel  of  water 
or  oil,  as  they  severally  show  the  required  colour,  but  it  requires 
dexterity  and  quickness  in  thus  managing  many  pieces. 

Vessels  containing  oil  or  fusible  alloys  carefully  heated  to 
the  required  temperatures  have  also  been  used,  and  I  shall  have 

to  describe  a  method  called  "  blazing  off"  resorted  to  for 
many  articles  such  as  springs  and  saws,  by  heating  them  over 
the  naked  fire  until  the  oil,  wax,  or  composition  in  which  they 
have  been  hardened  ignites;  this  can  only  occur  when  they 

part  of  an  inch  thick,  this  precaution  entirely  failed ;  and  the  needles  assumed 
all  sorts  of  distortions  when  released  from  between  the  stiff  bars  within  which  they 
were  hardened.  The  plan  was  eventually  abandoned,  and  the  magnets  were  heated 
in  the  ordinary  way  within  an  iron  tube,  and  were  set  straight  with  the  hammer 
after  being  let  down  to  a  deep  orange  or  brown  colour.  Steel  however  is  in  the 

best  condition  for  the  formation  of  good  permanent  magnets  when  perfectly  hard. 

*  The  knife  edges,  for  Captain  Rater's  experimental  pendulum,  were  very  care- 
fully hardened  and  tempered  in  a  bath  heated  to  430  deg. ;  being  then  found  too 

soft  they  were  re-hardened,  and  tempered,  at  only  the  heat  of  boiling  water,  after 
which  they  were  considered  admirably  suited  to  their  purpose. 
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respectiv  b  tin  ir  boiling  temperatures  and  arc  evnpor.v 
in  the  gaseous  form. 

Tin-  period  of  letting  down  the  works  is  also  commonly  chosen 
.-tint,',  by  means  of  the  hammer,  those  distortions  which 

so  commonly  occur  in  burdening  ;  this  is  done  upon  the  anvil, 
cither  with  the  thin  pane  of  an  ordinary  hammer,  or  else  with  a 

hack-hammer,  a  tool  terminating  at  each  end  in  an  obtuse  chisel 
edge  which  requires  continual  repair  on  the  irrindstone. 

The  blows  are  given  on  the  hollow  side  of  the  work,  and  at 

right  angles  to  the  length  of  the  curve ;  they  elongate  the  con- 
cave  side,  and  gradually  restore  it  to  a  plane  surface,  when  the 

blows  are  distributed  consistently  with  the  positions  of  the  erro- 

neous parts.  The  hack-hammer  unavoidably  injures  the  surface 
of  the  work,  but  the  blows  should  not  be  violent,  as  they  are 

then  also  more  prone  to  break  the  work,  the  liability  to  which 
is  materially  lessened  when  it  is  kept  at  or  near  the  tempering 

heat,  and  the  edge  of  the  hack-hammer  is  slightly  rounded. 

SECT.  III.   COMMON  EXAMPLES  OP  HARDENING  AND  TEMPKUIN<,   >TKEL. 

WATCHMAKERS'  drills  of  the  smallest  kinds,  are  heated  in  the 
blue  part  of  the  flame  of  the  candle;  larger  drills  are  heated 

with  the  blow-pipe  flame,  applied  very  obliquely,  and  a  little 
below  the  point ;  when  very  thin  they  may  be  whisked  in  the 
air  to  cool  them,  but  they  are  more  generally  thrust  into  the 
tallow  of  the  candle  or  the  oil  of  the  lamp ;  they  are  tempered 
cither  by  their  own  heat,  or  by  immersion  in  the  flame  below 
the  point  of  the  tool. 

For  tools  between  those  suited  to  the  action  of  the  blowpipe, 
and  those  proper  for  the  open  fire,  there  are  many  which  require 
either  the  iron  tube,  or  the  bath  of  lead  or  charcoal  described 

at  page  2il,  but  the  greater  number  of  works  are  hardened  in 

the  ordinary  smith's  fire,  without  such  defences. 
Tools  of  moderate  size,  such  as  the  majority  of  turning  tools, 

carpenters'  chisels  and  gouges,  and  so  forth,  are  generally  heated 
in  the  open  tire;  they  require  to  be  continually  drawn  backwards 

and  forwards  through  the  fire,  to  equalise  the  temperature 
applied;  they  are  plunged  vertically  into  the  water  and  then 
moved  about  sideways  to  expose  them  to  the  cooler  portions  of 
the  fluid.  It  needful,  they  are  only  dipped  to  a  certain  depth, 
the  remainder  V  ing  left  soft. 
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Some  persons  use  a  shallow  vessel  filled  only  to  the  height  of 
the  portion  to  be  hardened,  and  plunge  the  tools  to  the  bottom; 
but  this  strict  line  of  demarcation  is  sometimes  dangerous,  as 

the  tools  are  apt  to  become  cracked  at  the  part,  and  therefore  a 
small  vertical  movement  is  also  generally  given,  that  the  transition 
from  the  hard  to  the  soft  part  may  occupy  more  length. 

Razors  and  penknives  are  too  frequently  hardened  without 
the  removal  of  the  scale  arising  from  the  forging ;  this  practice, 
which  is  not  done  with  the  best  works,  cannot  be  too  much  deprecated. 
The  blades  are  heated  in  a  coke  or  charcoal  fire,  and  dipped 

into  the  water  obliquely.  In  tempering  razors,  they  are  laid  on 

their  backs  upon  a  clear  fire,  about  half-a-dozen  together,  and 
they  are  removed  one  at  a  time,  when  the  edges,  which  are  as 

yet  thick,  come  down  to  a  pale  straw-colour ;  should  the  backs 
accidentally  get  heated  beyond  the  straw-colour,  the  blades  are 
cooled  in  water,  but  not  otherwise.  Penknife  blades  are  tem- 

pered, a  dozen  or  two  at  a  time,  on  a  plate  of  iron  or  copper 
about  twelve  inches  long,  three  or  four  wide,  and  about  a  quarter 

of  an  inch  thick ;  the  blades  are  arranged  close  together  on  their 
backs,  and  lean  at  an  angle  against  each  other.  As  they  come 
down  to  the  temper,  they  are  picked  out  with  small  pliers  and 
thrown  into  water,  if  necessary;  other  blades  are  then  thrust 
forward  from  the  cooler  parts  of  the  plate  to  take  their  place. 

Hatchets,  adzes,  cold  chisels,  and  numbers  of  similar  tools, 

in  which  the  total  bulk  is  considerable  compared  with  the  part 

to  be  hardened,  are  only  partially  dipped ;  they  are  afterwards 
let  down  by  the  heat  of  the  remainder  of  the  tool,  and  when  the 

colour  indicative  of  the  temper  is  attained,  they  are  entirely 
quenched.  With  the  view  of  removing  the  loose  scales,  or  the 
oxidation  acquired  in  the  fire,  some  workmen  rub  the  objects 
hastily  in  dry  salt  before  plunging  them  in  the  water,  in  order 
to  give  them  a  cleaner  and  whiter  face. 

In  hardening  large  dies,  anvils,  and  other  pieces  of  considerable 

size,  by  direct  immersion,  the  rapid  formation  of  steam  at  the 
sides  of  the  metal  prevents  the  free  access  of  the  water  for  the 
removal  of  the  heat  with  the  required  expedition ;  in  these  cases, 
a  copious  stream  of  water  from  a  reservoir  above  is  allowed  to 
fall  on  the  surface  to  be  hardened.  This  contrivance  is  fre- 

quently called  a  "  float,"  and  although  the  derivation  of  the 
name  is  not  very  clear,  the  practice  is  excellent,  as  it  supplies 
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an  abundance  of  cold  water;  and  which,  as  it  falls  directly  on 

tin-  (vntiT  of  the  ;m\il,  is  sure  to  render  that  part  hard.  It  is, 
ho\\  e\  t  r,  rather  dangerous  to  stand  near  such  works  at  the  time, 

as  win  n  the-  anvil  f:icc  is  not  perfectly  welded,  it  sometimes  in 
ilies  olf  with  ̂ rcat  \ioleuce  and  a  loud  report. 

Occasionally  tin-  object  is  partly  immersed  in  a  tank  beneath 
the  fall  of  water,  by  means  of  a  crane  and  slings  ;  it  is  ultimately 
tempered  with  its  own  heat,  and  dropped  in  the  water  to  become 
entirely  cold. 

Oil,  or  various  mixtures  of  oil,  tallow,  wax  and  resin,  are  used 

for  many  thin  and  elastic  objects,  such  as  needles,  fish-hooks, 
pens  and  springs,  which  require  a  milder  degree  of  hardness 

than  is  given  by  water. 
For  example,  steel  pens  are  heated  in  large  quantities  in  iron 

t  rays  within  H  furnace,  and  are  then  hardened  in  an  oily  mixture ; 

generally  they  arc  likewise  tempered  in  oil,  or  a  composition  the 
boiling  point  of  which  is  the  same  as  the  temperature  suited  to 
letting  them  down.  This  mode  is  particularly  expeditious,  as 
the  temper  cannot  fall  below  the  assigned  degree.  The  dry  heat 
of  an  oven  is  also  used,  and  both  the  oil  and  oven  may  be  made 

to  serve  for  tempers  harder  than  that  given  by  boiling  oil ;  but 

.  more  care  and  observation  are  required  for  these  lower  tem- 

peratures. 
Saws  and  springs  are  generally  hardened  in  various  com- 

positions of  oil,  suet,  wax  and  other  ingredients,*  which,  however, 

*  The  composition  used  by  an  experienced  saw-maker  is  two  pounds  of  suet  and 
•  quarter  of  a  pound  of  bees-wax  to  every  gallon  of  whale-oil ;  these  are  boiled 
together,  and  will  serve  for  thin  works  and  most  kinds  of  steel.  The  addition  »f 
black  resin,  to  the  extent  of  about  one  pound  to  the  gallon,  makes  it  serve  for 
thicker  pieces  and  for  those  it  refused  to  harden  before ;  but  the  resin  should  be 

added  with  judgment,  or  the  works  will  become  too  hard  and  brittle.  The  compo- 
sition is  useless  when  it  has  been  constantly  employed  for  about  a  month  :  the 

period  depends,  however,  on  the  extent  to  which  it  is  used,  and  the  trough  should 
be  thoroughly  cleaned  out  before  new  mixture  is  placed  in  it 

The  following  recipe  is  recommended  by  Mr.  Gill : 

•'  Twenty  gallons  of  spermaceti  oil ; 
11  Twenty  pounds  of  beef  suet  rendered ; 
"  One  gallon  of  neats-foot  oil ; 
"  One  pound  of  pitch  : 

.ree  pounds  of  black  resin. 

"  These  two  last  articles  must  be  previously  melted  together,  and  then  added  to 
the  other  ingredients ;  when  the  whole  must  be  heated  in  a  proper  iron  vessel,  with 

a  close  cover  fitted  to  it,  until  the  moisture  in  entirely  evaporator),  .in«l  r ] 
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lose  their  hardening  property  after  a  few  weeks'  constant  use ; 
the  saws  are  heated  in  long  furnaces,  and  then  immersed  horizon- 

tally and  edgeways  in  a  long  trough  containing  the  composition ; 

two  troughs  are  commonly  used,  the  one  until  it  gets  too  warm, 
then  the  other  for  a  period,  and  so  on  alternately.  Part  of  the 
composition  is  wiped  off  the  saws  with  a  piece  of  leather,  when 
they  are  removed  from  the  trough,  and  they  are  heated  one  by 
one  over  a  clear  coke  fire,  until  the  grease  inflames ;  this  is  called 

"  blazing  off"  When  the  saws  are  wanted  to  be  rather  hard, 
but  little  of  the  grease  is  burned  off ;  when  milder,  a  larger  por- 

tion ;  and  for  a  spring  temper,  the  whole  is  allowed  to  burn 
away.  When  the  work  is  thick,  or  irregularly  thick  and  thin, 
as  in  some  springs,  a  second  and  third  dose  is  burned  off,  to 

ensure  equality  of  temper  at  all  parts  alike. * 
Springs  and  saws  appear  to  lose  their  elasticity,  after  hardening 

and  tempering,  from  the  reduction  and  friction  they  undergo  in 

grinding  and  polishing.  Towards  the  conclusion  of  the  manu- 
facture, the  elasticity  of  the  saw  is  restored  principally  by  ham- 
mering, and  partly  by  heating  it  over  a  clear  coke  fire  to  a 

straw  colour ;  the  tint  is  removed  by  very  diluted  muriatic  acid ; 
after  which  the  saws  are  well  washed  in  plain  water  and  dried. 

Watch  springs  are  hammered  out  of  round  steel  wire,  of  suit- 
able diameter,  until  they  fill  the  gage  for  width,  which  at  the 

same  time  ensures  equality  of  thickness  :  the  holes  are  punched 
in  their  extremities,  and  they  are  trimmed  on  the  edge  with  a 

smooth  file ;  the  springs  are  then  tied  up  with  binding-wire  in  a 
loose  open  coil,  and  heated  over  a  charcoal  fire  upon  a  perforated 

revolving  plate ;  they  are  hardened  in  oil,  and  blazed  off. 
The  spring  is  now  distended  in  a  long  metal  frame,  similar  to 

that  used  for  a  saw-blade,  and  ground  and  polished  with  emery, 
and  oil,  between  lead  blocks ;  by  this  time  its  elasticity  appears 

quite  lost,  and  it  may  be  bent  in  any  direction ;  its  elasticity 
is,  however,  entirely  restored  by  a  subsequent  hammering  on  a 

very  bright  anvil,  which  "puts  the  nature  into  the  spring." 

sition  will  take  fire  on  a  naming  body  being  presented  to  its  surface,  but  which  must 

be  instantly  extinguished  again  by  putting  on  the  cover  of  the  vessel " — Manufac- 
tures in  Metal,  Vol.  i.  p.  336.  Lardner's  Cyclopaedia.  See  also  page  311,  Ibid. 

*  Gun-lock  springs  are  sometimes  literally  fried  in  oil  for  a  considerable  time 
over  a  fire  in  an  iron  tray;  the  thick  parts  are  then  sure  to  be  sufficiently 
reduced,  and  the  thin  parts  do  not  become  the  more  softened  from  the  continuance 
of  the  blazing  heat. 
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iiriii£  is  done  o\er  a  flat  plntc  of  iron,  or  hood,  under 
whieh  a  httlr  -pint  lamp  is  kept  hurtling;  the  spring  is  continu- 

ally dran  u  backwards  and  forwards,  about  two  or  three  inches 

at  a  t  nnc.  until  it  assumes  the  orange  or  deep  blue  tint  throu<;h- 
accordiii£  to  the  taste  of  the  purchaser;  by  many  the  colour- 

ing is  considered  to  be  a  matter  of  ornament,  and  not  essential. 

The  last  process  is  to  coil  the  spring  into  the  spiral  form,  that 
it  ii  the  barrel  in  which  it  is  to  be  contained;  this  is 

done  by  a  tool,  with  a  small  axis  and  winch  handle,  and  does 
.  quire  heat. 

The  balance  springs  of  marine  chronometers  which  are  in 

the  form  of  a  screw,  are  wound  into  the  square  thread  of  a  screw 
of  the  appropriate  diameter  and  coarseness;  the  two  ends  of  the 

spring  are  retained  by  side-screws,  and  the  whole  is  carefully 
enveloped  in  platinum-foil,  and  tightly  bound  with  wire.  The 
mass  is  next  heated  in  a  piece  of  gun-barrel  closed  at  the  one 
end,  and  plunged  into  oil,  which  hardens  the  spring  almost  with- 

out discolouring  it,  owing  to  the  exclusion  of  the  air  by  the  close 
platinum  covering,  which  is  now  removed,  and  the  spring  is  let 
down  to  the  blue,  before  removal  from  the  screwed  block. 

The  balance  or  hair-springs  of  common  watches  are  fre- 
quently left  soft ;  those  of  the  best  watches  are  hardened  in  the 

coil  upon  the  plain  cylinder,  and  are  then  curled  into  the  spiral 
form  between  the  edge  of  a  blunt  knife  and  the  thumb,  the  same 
as  in  curling  up  a  narrow  riband  of  paper,  or  the  filaments  of 
an  ostrich  feather. 

Mr.  Dent  says  that  3,200  balance  springs  weigh  only  one 

ounce  ;  *  but  springs  also  include  the  heaviest  examples  of  hard- 
ened steel  works  uncombined  with  iron :  for  example,  of  Mr. 

Adams'  patent  bow-springs  for  all  kinds  of  vehicles,  some  in- 
tended for  railway  use,  measure  3i  feet  long,  and  weigh  50 

pounds  each  pieee  ;  two  of  these  are  used  in  combination;  other 

single  springs  are  6  feet  long,  and  weigh  70  pounds. f 
I  n  hardening  them  they  are  heated  by  being  drawn  backwards 

"  The  soft  springs  are  worth  2*.  &/.  each ;  the  hardened  and  tempered  springs, 
10*.  M,  each.  This  raises  the  value  of  the  steel,  originally  lena  than  twopence,  to 

400/.  and  1600JL  respectively.— Mr.  Dtnft  Lecture*  on  Timt-piecet,  4c. 
f  The  principle  of  these  bow  springs  will  be  immediately  seen,  by  conceiving  the 

common  archery  bow  fixed  horizontally  with  iU  cord  upwards  ;  the  body  of  the 
carriage  been  attached  to  the  cord  sways  both  perpendicularly  and  sideways  with 

prrf.-.-t  freedom, 
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and  forwards  through  an  ordinary  forge  fire,  built  hollow,  and 

they  are  immersed  in  a  trough  of  plain  water ;  in  tempering 
them  they  are  heated  until  the  black  red  is  just  visible  at  night ; 

by  daylight  the  heat  is  denoted  by  its  making  a  piece  of  wood 
sparkle  when  rubbed  on  the  spring,  which  is  then  allowed  to  cool 
in  the  air.  The  metal  is  nine-sixteenths  of  an  inch  thick,  and 

Mr.  Adams  considers  five-eighths  the  limit  to  which  steel  will 
harden  properly,  that  is  sufficiently  alike  to  serve  as  a  spring ; 

he  tests  their  elasticity  far  beyond  their  intended  range.* 

SECTION    IV.   LESS    COMMON    EXAMPLES    OF    HARDENING,    AND 
PRECAUTIONARY    MEASURES. 

ONE  of  the  most  serious  evils  in  hardening  steel,  especially  in 
thick  blocks,  or  those  which  are  unequally  thick  and  thin,  is  their 

liability  to  crack,  from  the  sudden  transition ;  and  in  reference  to 
hardening  razors,  a  case  in  point,  Mr.  Stodart  mentions  it  as  the 

observation  and  practice  of  one  of  his  workmen,  "  that  the  char- 

coal fire  should  be  made  up  with  shavings  of  leather ; "  and  upon 
being  asked  what  good  he  supposed  the  leather  could  do,  this 

workman  replied,  "  that  he  could  take  upon  him  to  say  that  he 
never  had  a  razor  crack  in  the  hardening  since  he  had  used  this 

method,  though  it  was  a  frequent  occurrence  before." 
"  When,"  says  Mr.  Stodart,  "  brittle  substances  crack  in 

cooling,  it  always  happens  from  the  outside  contracting  and  be- 
coming too  small  to  contain  the  interior  parts.  But  it  is  known 

that  hard  steel  occupies  more  space  than  when  soft;  and  it  may 

*  Great  diversity  of  opinion  exists  respecting  the  cause  of  elasticity  in  springs ; 
by  some  it  is  referred  to  different  states  of  electricity;  by  others  the  elasticity  is 
considered  to  reside  in  the  thin,  blue,  oxidized  surface,  the  removal  of  which  is 

thought  to  destroy  the  elasticity,  much  in  the  same  manner  that  the  elasticity  of  a 
cane  IB  greatly  lost  by  stripping  off  its  siliceous  rind.  The  elasticity  of  a  thick 
spring  is  certainly  much  impaired  by  grinding  off  a  small  quantity  of  its  exterior 
metal,  which  is  harder  than  the  inner  portion  ;  and  perhaps  thin  springs  sustain 
in  the  polishing  a  proportional  loss,  which  is  to  them  equally  fatal. 

Mr.  Dent  stated  at  the  British  Association,  1841,  that  he  fouud  experimentally 
the  bare  removal  of  the  blue  tint  from  a  pendulum  spring,  by  its  immersion  in 
weak  acid,  caused  the  chronometer  to  lose  nearly  one  minute  each  hour ;  a  second 
and  equal  immersion  scarcely  caused  any  further  loss.  He  also  stated  it  as  a  well- 
known  fact,  that  such  springs  get  stronger,  in  a  minute  degree,  during  the  first  two 
or  three  years  they  are  in  use,  from  some  atmospheric  change ;  when  the  springs 
are  coated  with  gold  by  the  electrotype  process,  no  such  change  is  observable,  and 
the  covering  although  perfect  may  be  so  thin  as  not  to  compensate  for  the  loss  of 
the  blue  oxidized  surf 



easily  1)0  inferred  that  the  nearer  the  steel  approaches  to  the 

state  of  mm,  the  less  will  hi-  this  increase  of  dimensions.  If, 
tlun,  we  suppose  a  razor,  or  any  other  piece  of  steel,  to  be  heated 

in  an  open  tire  \\ith  a  current  of  air  passing  through  it,  th<> 
;  nal  part  will,  by  the  loss  of  carbon,  become  less  steely  than 

In-fore  ;  and  when  the  whole  piece  comes  to  be  hardened,  the 
inside  will  bo  too  large  for  the  external  part,  which  will  probably 

k.  Hut  if  the  piece  of  steel  be  wrapped  up  in  the  cementing 
mixture,  or  if  the  tire  itself  contain  animal  coal,  and  is  put 

ther  so  as  to  operate  in  the  manner  of  that  mixture,  the 
i  nal  part,  instead  of  being  degraded  by  this  heat,  will  be 

more  carbonated  than  the  internal  part,  in  consequence  of  which 

it  will  be  so  far  from  splitting  or  bursting  during  its  cooling, 
that  it  will  be  acted  upon  in  a  contrary  direction,  tending  to 
render  it  more  dense  and  solid. 

"  The  cracking  which  so  often  occurs  on  the  immersion  of 
steel  articles  in  water,  does  not  appear  to  arise  so  much  from 

any  decarbonisation  of  the  surface  merely,  as  from  the  sudden 
condensation  and  contraction  of  a  superficial  portion  of  the  metal, 

while  the  mass  inside  remains  swelled  with  the  heat,  and  pro- 
bably expands  for  a  moment,  on  the  outside  coming  in  contact 

with  the  water." 
The  file-makers,  to  save  their  works  from  clinking  or  cracking 

partly  through  in  hardening,  draw  the  files  through  yeast,  beer- 
grounds,  or  any  sticky  material,  and  then  through  a  mixture 
of  common  salt  and  animal  hoof  roasted  and  pounded.  This  is 
corroborative  of  the  above,  as  in  the  like  manner  it  supplies  a 
little  carbon  to  the  outside,  and  also  renders  the  steel  somewhat 

harder  and  less  disposed  to  crack ;  the  composition  also  renders 

the  more  important  service  of  protecting  the  fine  points  of  the 
1 1  from  being  injured  by  the  fire. 

An  analogous  method  is  now  practised  in  hardening  Join •-'„ 
patent  axletrees,  which  are  of  wrought  iron,  with  two  pieces 

welded  into  the  lower  side,  where  they  rest  upon  the 

whceN   and  su-tain   the  load.     The  work  is  heated  in  an  open 
lite  in  the  ordinary  way,  and  when  it  is  removed,  a 

mixture,   principally  the  prussiate  of  potash,  is  laid  upon   the 

i  ;  tin  axli-trce  is  then  immediately  immersed  ui  water,  and 
additional  water  is  allowed  to  fall   upon  it  from  a  cistern, 

steel   i-  vd   to  become  very  materially  harder  for  the 
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treatment,   and   the   iron   around   the   same  is   also  partially 

hardened.* 
These  are,  in  fact,  applications  of  the  case-hardening  process, 

which  is  usually  applied  to  wrought  iron  for  giving  it  a  steely 
exterior,  as  the  name  very  properly  implies.  Occasionally,  steel 
which  hardens  but  imperfectly,  either  from  an  original  defect  in 
the  material,  or  from  its  having  become  deteriorated  by  bad 
treatment,  or  too  frequent  passage  through  the  fire,  is  submitted 

to  the  case-hardening  process  in  the  ordinary  way,  by  inclosing 
the  objects  in  iron  boxes,  as  will  be  explained.  This  in  part 
restores  the  carbon  which  has  been  lost,  and  the  steel  admits  of 

being  hardened,  but  this  practice  is  not  to  be  generally  recom- 
mended, although  it  is  well  employed  for  the  purposes  of  transfer 

engraving  explained  at  foot ;  a  method  introduced  by  Mr.  Jacob 

Perkins,  and  which  took  its  origin  in  the  curious  transfer  pro- 
cesses of  the  calico  works,  wherein  however  copper  is  the  material 

principally  used,  j- 

Various  methods  have  been  likewise  attempted  to  prevent  the 
distortions  to  which  work  is  liable  in  the  operation  of  hardening, 

*  These  axletrees  are  used  for  Jones's  Patent  wrought-iron  suspension  wheels, 
which  have  iron  naves  made  of  chilled  castings ;  to  the  prussiate  is  added  one-third 
of  the  carbonate  of  ammonia ;  the  effect  of  the  carbonate  is  principally  considered 
to  be  the  more  minute  subdivision  of  the  pruss,jate  over  the  surface  of  the  steel. 

+  Mr.  Perkins's  admirable  process  of  transfer  engraving  may  be  thus  explained. 
A  soft  steel  plate  was  first  engraved  with  the  required  subject  in  the  most 

finished  style  of  art,  either  by  hand  or  mechanically,  or  the  two  combined,  and 
the  plate  was  then  hardened.  A  decarbonized  steel  cylinder  was  next  rolled  over 
the  hardened  plate  by  powerful  machinery,  until  the  engraved  impression  appeared 
in  relief,  the  hollow  lines  of  the  original  becoming  ridges  upon  the  cylinder.  The 
roller  was  reconverted  to  the  condition  of  ordinary  steel  and  hardened,  after  which 
it  served  for  returning  the  impression  to  any  number  of  decarbonized  plates,  every 
one  of  which  became  absolutely  a  counterpart  of  the  original ;  and  every  plate  when 
hardened  would  yield  the  enormous  number  of  150,000  impressions  without  any 
perceptible  difference  between  the  first  and  the  last. 

In  the  event  of  any  accident  occurring  to  the  transfer  roller,  the  original  plate 
still  existed,  from  which  another  or  any  required  number  of  rollers  could  be 
made,  and  from  these  rollers  any  number  of  new  plates,  all  capable  of  producing 
as  many  impressions  as  above  cited. 

Specimens  of  Mr.  Perkins's  process  may  be  seen  in  the  38th  volume  of  the  Trans- 
actions of  the  Society  of  Arts ;  and  it  is  there  stated  by  the  inventor,  that  to  decar- 

bonise the  plates  they  were  placed  in  the  vertical  position  in  cast-iron  boxes  not 
less  than  \  of  an  inch  thick,  and  surrounded  on  all  sides  by  a  stratum  of  iron  filings 
not  less  than  £  an  inch  thick  ;  the  boxes  were  then  placed  in  a  furnace,  and  after 
having  been  heated,  were  suffered  to  cool  in  the  most  gradual  manner  by  stopping  off 
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Imt  without  any  \ery  advantageous  results;  t<.r  instance,  it  has 

been  recommended  to  harden  Mnall  cylindrical  wires,  by  rolling 

all  the  air-paxaagen  and  covering  the  boxes  with  a  layer  of  cinder*  0  or  7  inche* 
deep.  The  re-con vcraion  was  similarly  accomplished,  but  with  the  charcoal  from 
leather  lifted  fine,  and  on  removal  from  the  boxes  at  the  end  of  from  three  to  five 

hours  the  plates  were  immediately  plunged  vertically  into  cold  water. 
The  late  Mr.  Warren  was  instrumental  in  bringing  into  common  use  the  thin 

steel  plates,  similar  to  those  previously  used  for  copper ;  these  were  annealed  at  a 

r  temperature,  in  earthenware  boxes  filled  with  pounded  oyster-shells. — See 
Trans.  Soc.  of  Arts,  vol.  xlL  p.  88. 

The  practice  at  the  Bank  of  England,  introduced  by  the  late  Mr.  John  Oldham, 
and  followed  under  the  superintendence  of  his  son  Mr.  Thomas  Oldham,  is  to 

anneal  at  one  time  four  cast-iron  boxes,  each  containing  from  three  to  six  steel 
plates,  surrounded  on  all  sides  with  fine  charcoal  mixed  with  an  equal  quantity  of 
chalk  and  driven  in  hard. 

The  reverberatory  furnace  employed,  has  a  circular  cast-iron  plate  or  bed  upon 
which  the  four  boxes  are  fastened  by  wedges,  and  as  the  plate  revolves  very  slowly 
and  continually  by  the  steam  engine  employed  in  working  the  printing  presses  and 
other  machinery,  the  plates  are  exposed  in  the  most  equal  manner  to  the  heat,  and 

when  the  proper  temperature  is  attained,  all  the  apertures  are  carefully  closed  and 

1  to  extend  the  cooling  over  a  apace  of  at  least  forty -eight  hours. 
The  surfaces  of  the  cylinders  and  plates  are  thus  rendered  exceedingly  soft,  to 

the  depth  of  about  the  32nd  of  an  inch,  "  so  as  to  become  more  like  lead  than  any- 
thing else,"  and  thus  much  of  their  surfaces  must  be  turned  or  planed  off:  the 

device  is  raised  in  the  transfer-press  upon  the  natural  soft  steel  of  the  rollers,  under 
a  pressure  of  some  tons,  and  these  are  hardened  without  any  intentional  application 

of  the  case-hardening  process,  as  the  simple  steel  is  undoubtedly  very  superior  in 
all  respects  to  that  which  has  been  decarbonised  and  reconverted. 

The  plates  themselves  are  used  in  the  soft  state,  OB  they  then  admit  of  reparation 
by  the  transfer  rollers ;  and  the  process  is  found  to  be  more  economical,  as  the  risk 
of  warping  is  avoided,  and  they  may  be  easily  repaired.  The  dates  and  numbers 

are  at  present  printed  as  a  second  process  by  letter-press  printing,  with  the  machines 
invented  by  the  late  Mr.  Bramah,  and  which  have  been  engraved  and  described  in 
different  books. 

In  hardening  engraved  plates,  rollers,  dies,  and  similar  works,  it  is  of  the  greatest 
importance  to  preserve  the  surface  unimpaired ;  and  as  steel  is  very  liable  to 
oxidation  at  the  red  heat  if  exposed  to  the  air  for  even  a  few  seconds,  and  which 
oxidized  scale  will  in  some  cases  nearly  remove,  or  at  any  rate  injure,  the  su! 
produced  upon  its  surface,  it  is  of  great  importance  to  conduct  the  heating  and 
cooling  with  the  most  complete  exclusion  of  the  air. 

Mr.  Thomas  Oldham  introduced  a  mode  of  hardening  the  transfer  rollers 

which  appears  as  near  to  perfection  as  possible,  and  by  it,  instead  of  the  works 
acquiring  the  ordinary  black  and  grey  tints,  and  a  minute  roughness,  like  the 
surface  of  the  finest  emery  paper,  the  steel  comes  out  of  the  water  as  smooth  to 

the  touch  as  at  first,  and  mottled  with  all  the  beautiful  tints  seen  on  cue-hardened 

gun-locks.  The  method  is  simply  aa  follows : 
The  work  to  be  hardened  is  inclosed  in  a  wrought  iron  box  with  a  loose  cover,  a 

false  bottom,  and  with  three  oars  projecting  from  its  surface  about  midway ;  the 
steel  is  surrounded  on  all  aides  with  carbon  from  leather,  driven  in  hard,  and  the 
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them  when  heated  between  cold  metallic  surfaces  to  retain  them 

perfectly  straight.  This  might  probably  answer,  but  unfor- 
tunately cylindrical  steel  wires  supply  but  a  very  insignificant 

portion  of  our  wants. 

Another  mode  tried  by  Dr.Wollaston  was  to  inclose  the  piece 

of  steel  in  a  tube  filled  with  Newton's  fusible  alloy,  the  whole  to 
be  heated  to  redness  and  plunged  in  cold  water ;  the  object  was 
released  by  immersion  in  boiling  water,  which  melted  the  alloy, 
and  the  piece  came  out  perfectly  unaltered  in  form,  and  quite 
hard.  This  mode  is  too  circuitous  for  common  practice,  and  the 

reason  why  it  is  to  be  always  successful  is  not  very  apparent. 
Mr.  Perkins  resorted  to  a  very  simple  practice  with  the  view 

of  lessening  the  distortion  of  his  engraved  steel  plates,  by 

boiling  the  water  in  which  they  were  to  be  hardened  to  drive  off 
the  air,  and  plunging  them  vertically ;  and  as  the  plates  were 
required  to  be  tempered  to  a  straw  colour,  instead  of  allowing 
them  to  remain  in  the  water  until  entirely  cold,  he  removed  them 
whilst  the  inside  was  still  hot,  and  placed  them  on  the  top  of  a 
clear  fire  until  the  tallow  with  which  they  were  rubbed,  smoked ; 
the  plate  was  then  returned  to  the  water  for  a  few  moments,  and 
so  on  alternately  until  they  were  quite  cold,  the  surface  never 
being  allowed  to  exceed  the  tempering  heat. 

cover  and  bottom  are  carefully  luted  with  moist  clay.  Thus  prepared,  the  case 
is  placed  in  the  vertical  position,  in  a  bridle  fixed  across  a  great  tub,  which  is  then 
filled  with  water  almost  to  touch  the  false  bottom  of  the  case.  The  latter  is  now 

heated  in  the  furnace  as  quickly  as  will  allow  the  uniform  penetration  of  the  heat. 
When  sufficiently  hot,  it  is  removed  to  its  place  in  the  hardening  tub,  the  cover 

of  the  iron  box  is  removed,  and  the  neck  or  gudgeon  of  the  cylinder  is  grasped 
beneath,  the  surface  of  the  carbon,  with  a  long  pair  of  tongs,  upon  which  a  coupler 
is  dropped  to  secure  the  grasp.  It  only  remains  for  the  individual  to  hold  the 

tongs  with  a  glove  whilst  a  smart  tap  of  a  hammer  is  given  on  their  extremity  ; 
this  knocks  out  the  false  bottom  of  the  case,  and  the  cylinder  and  tongs  are 
instantly  immersed  hi  the  water ;  the  tongs  prevent  the  cylinder  from  falling  on 
its  side,  and  thus  injuring  its  delicate  but  still  hot  surface.  For  square  plates, 
a  suitable  frame  is  attached  by  four  slight  claws,  and  it  is  the  frame  which  is  seized 
by  the  tongs  ;  the  latter  are  sometimes  held  by  a  chain,  which  removes  the  risk  of 
accident  to  the  individual.  In  some  cases,  the  work  assumes  a  striated  and  mackled 

appearance,  evident  to  the  touch  as  well  as  the  sight,  and  which  is  to  be  attributed 
to  an  imperfect  manufacture  of  the  steel. 

Mr.  Oldham  informed  me  that  in  the  Paris  Mint,  the  dies  are  inclosed  in  the  soot 

of  burnt  wood  ;  and  that  in  our  own  Mint,  the  dies  are  hardened  by  a  powerful 
jet  of  water.  He  also  added,  that  his  workpeople  have  the  impression  that  steel  is 

reduced  to  its  softest  state  by  iuclosure  with  lime  and  ox-gall.  The  reader  is 

referred  to  Sir  J.  Robinson's  note  U,  in  the  appendix  of  vol.  ii.  page  970. 
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From  various  observations,  it  appears  on  the  whole  to  be  the 

best  in  thick  works  thus  to  combine  the  hardening  and  temper* 
ing  processes,  instead  of  allowing  the  objects  to  become  entirely 

(•••Id,  and  then  to  re-heat  them  for  tempering.  To  ascertain  tin- 
nine  when  the  plate  should  be  first  removed  from  the  water, 

.ins  heated  a  piece  of  steel  to  the  straw  colour,  and 
(!i|>l>etl  it  into  water  to  learn  the  sound  it  made;  and  when  the 

ieued  plate  caused  the  same  sound,  it  was  considered  to  be 

cooled  to  the  right  degree,  and  was  immediately  withdrawn.* 
I  «  ill  conclude  these  numerous  examples  and  remarks  by  one 

of  a  very  curious,  massive,  and  perfect  kind,  in  which  the  harden- 
im:  is  sure  to  occur  without  loss  of  figure,  unless  the  work 

•k  under  the  process.  I  refer  to  the  locomotive  wheels  with 
hardened  steel  tires,  patented  by  Mr.  Daniel  Gooch,  and  which 
may  be  viewed  as  the  most  ponderous  example  of  hardening 

as  the  tires  of  the  eight-foot  wheels  weigh  about  10  cwt.,  and 
-1st  of  about  one-third  steel,  and  there  seems  no  reason 

why  this  diameter  might  not  be  greatly  exceeded. 
The  materials  for  the  tires  are  first  swaged  separately,  and 

thru  welded  together  under  the  heavy  hammer  at  the  steel- 
works, after  which  they  are  bent  to  the  circle,  welded,  and 

turned  to  certain  gages.  The  tire  is  now  heated  to  redness  in 
a  circular  furnace  ;  during  the  time  it  is  getting  hot,  the  iron 

•el,  previously  turned  to  the  right  diameter,  is  bolted  down 
11  a  face-plate  ;  the  tire  expands  with  the  heat,  and  when  at  a 

cherry-red,  it  is  dropped  over  the  wheel,  for  which  it  was  previ- 
ously too  small,  and  is  also  hastily  bolted  down  to  the  surface 

plate,  the  whole  load  is  quickly  immersed  by  a  swing  crane  into 

a  tank  of  water  about  five  feet  deep,  arid  hauled  up  and  down 
until  nearly  cold  ;  the  steel  tires  are  not  afterwards  tempered,  f 

*  Trans.  Soc.  of  Art*,  voL  zxxviiL  p.  55. 
f  The  patentees  consider  the  steel  tires  to  be  eight  times  harder  than  those  of 

wrought-iron,  and  to  be  proportionately  durable,  and  from  the  very  ingenious 

:..•  -hod  employed  in  their  construction  they  are  little  exposed  to  accident     The 

kokes  are  forged  out  of  flat  ban  with  f*  formed  heads  ;  these  are  arranged 
radially  in  the  founder's  mould,  whilst  the  cast-iron  center  is  poured  around  tl. 
•k*  ends  of  the  f  heads  are  then  welded  together  to  constitute  the  periphery  of 

•••wheel  or  inner  tire,  and  little  wedge-form  pieces  are  inserted  where  there  is  any 
deficiency  of  iron. 
I  The  wheel  u  then  chucked  on  a  lathe,  bored,  and  turned  on  the  edge,  not 

Irically,  but  like  the  meeting  of  two  cones,  and  about  one  quarter  of  an  inch 
r  in  the  middle  than  on  the  two  edges.  The  compound  tire  is  turned  to  the 

TO  I  8 
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SECT.  V.   HARDENING    AND    SOFTENING    CAST  IRON. 

THE  similitude  of  chemical  constitution  between  steel,  which 

usually  contains  about  one  per  cent,  of  carbon,  and  cast-iron  that 
has  from  three  to  six  or  seven  per  cent.,  naturally  leads  to  the 

expectation  of  some  correspondence  in  their  characters,  and 
which  is  found  to  exist.  Thus  some  kinds  of  cast-iron  will 

harden  almost  like  steel,  but  they  generally  require  a  higher 

temperature ;  and  the  majority  of  cast-iron,  also  like  steel, 
assumes  different  degrees  of  hardness,  according  to  the  rapidity 
with  which  the  pieces  are  allowed  to  cool. 

The  casting  left  undisturbed  in  the  mould,  is  softer  than  a 
similar  one  exposed  to  the  air  soon  after  it  has  been  poured. 

Large  castings  cannot  cool  very  hastily,  and  are  seldom  so  hard 
as  the  small  pieces,  some  of  which  are  hardened  like  steel  by  the 
moisture  combined  with  the  moulding  sand,  and  cannot  be  filed 
until  they  have  been  annealed  after  the  manner  of  steel,  which 

renders  them  soft  and  easy  to  be  worked. 

Chilled  iron-castings,  present  as  difficult  a  problem  as  the  hard- 
ening and  tempering  of  steel ;  the  fact  is  simply  this,  that  iron 

castings,  made  in  iron  moulds  under  particular  circumstances, 
become  on  their  outer  surfaces  perfectly  hard,  and  resist  the  file 
almost  like  hardened  steel ;  the  effect  is  however  superficial,  as 
the  chilled  exterior  shows  a  distinct  line  of  demarcation  when 

the  objects  are  broken. 
The  late  Mr.  Ransome,  of  Ipswich,  took  out  a  patent  in  1803, 

for  ploughshares  cast  on  this  principle :  the  under  sides  and 
points  are  hard  from  the  chilling  process,  and  these  from  resisting 

abrasion  more  than  the  softer  parts,  maintain  a  comparatively 

thin  edge  ; — an  imitation  of  the  beautiful  provision  in  nature  for 
preserving  the  acute  edges  of  the  front  teeth  of  the  rat,  squirrel, 
and  other  rodentise,  the  external  enamel  of  which  is  always 

left  in  advance  from  the  wearing  away  of  the  softer  bone  or 

ivory  beneath,  and  acts  almost  in  the  manner  of  a  carpenter's 
chisel. 

The  production  of  chilled  castings  is  always  a  matter  of  some 

corresponding  form,  and  consequently  larger  within  or  under-cut,  so  that  the 
shrinking  secures  the  tire  without  the  possibility  of  obliquity  or  derangement,  and 
no  rivets  are  required.  It  sometimes  happens  that  the  tire  breaks  in  shrinking 
when  by  mismanagement  the  diameter  of  the  wheel  is  in  excess. 
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uncertainty,  and  depends  upon  the  united  effect  of  several 

M-S  :  tin-  quality  of  the  iron,  the  thickness  of  the  casting,  the 

••crat  iii-e  of  the  iron  at  the  time  of  pouring,  and  the  con- 
dition or  temperature  of  the  iron  mould,  which  has  a  greater 

t  in  '•  striking  in  "  when  the  mould  is  ht-utfil  than  it'  quite 
cold:  a  \ery  thin  stratum  of  earthy  matter  will  almost  entirely 

obviate  the  chilling  effect.* 
Mr.  May,  a  member  of  the  present  firm,  has  furnished  me 

with  specimens  of  chilling,  in  which  the  hard  portion  varies  from 
loss  than  one-sixteenth  to  more  than  one-fourth  of  an  inch  in 

thickness :  he  considers  it  to  be  an  effect  of  crystallization,  and 
conjectures  that  the  tendency  to  chill  properly,  will  be  found  to 
depend  upon  the  due  atomic  proportions  of  carbon  and  iron, 
combined  with  the  circumstances  before  alluded  to. 

There  is  this  remarkable  difference  between  cast-iron  thus 

hardened,  and  steel  hardened  by  plunging  whilst  hot  into  water; 

that  whereas  the  latter  is  softened  again  by  a  dull  red-heat,  the 
chilled  castings  on  the  contrary  are  turned  out  of  the  moulds  as 

soon  as  the  metal  is  set,  and  are  allowed  to  cool  in  the  air;  yet 
although  the  whole  is  at  a  bright  red  heat,  no  softening  of  the 
chilled  part  takes  place.  This  material  was  employed  by  the 

late  M  r.  Peter  Keir  for  punches  for  red-hot  iron ;  the  punches 

were  fixed  in  cast-iron  sockets,  from  which  they  only  projected 
sufficiently  to  perforate  the  wheel  tires  in  the  formation  of 

which  they  were  used,  and  from  retaining  their  hardness  they 
were  more  efficient  than  those  punches  made  of  steel. 

Chilled  castings  are  also  commonly  employed  for  axletree 
,  and  naves  of  wheels,  which  are  finished  by  grinding  only ; 

also  for  cylinders  for  rolling  metal,  for  the  heavy  hammers  and 

anvils  or  stithies  for  iron  works,  the  stamp-heads  for  pounding 
metallic  ores,  &c.  Cannon  balls,  as  well  as  ploughshares,  are 
examples  of  chilled  castings;  with  the  destructive  engine  the 
chilling  is  unimportant,  and  occurs  alone  from  the  method  essen- 

tial to  giving  the  balls  the  required  perfection  of  form  and  size. 

Malleable   in>n-ca>t ings  are  at  the  opposite  extreme  of  the 
scale,  and  are  rendered  externally  soft  by  the  abstraction  of 

*  A  cold  mould  does  not  generally  chill  to  readily  an  one  heated  nearly  to  the  ex- 
tent called  "  black  Lot : "  but  the  rarer**  conditions  occur  with  some  cant  iron. 
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their  carbon,  whereby  they  are  nearly  reduced  to  the  condition 
of  pure  malleable  iron,  but  without  the  fibre  which  is  due  to  the 
hammering  and  rolling  employed  at  the  forge. 

The  malleable  iron-castings  are  made  from  the  rich  Cumber- 
land iron,  and  are  at  first  as  brittle  as  glass  or  hardened  steel ; 

they  are  enclosed  in  iron  boxes  of  suitable  size,  and  surrounded 

with  pounded  iron-stone,  or  some  of  the  metallic  oxides,  as  the 
scales  from  the  iron  forge,  or  with  common  lime,  and  various 
other  absorbents  of  carbon,  used  either  together  or  separately. 
The  cases,  which  are  sometimes  as  large  as  barrels,  are  luted, 
rolled  into  the  ovens  or  furnaces,  and  submitted  to  a  good  heat 

for  about  five  days,  and  are  then  allowed  to  cool  very  gradually 
within  the  furnaces. 

The  time  and  other  circumstances  determine  the  depth  of  the 

effect ;  thin  pieces  become  malleable  entirely  through ;  they 

are  then  readily  bent,  and  may  be  slightly  forged ;  cast-iron 
nails  and  tacks  thus  treated  admit  of  being  clenched,  thicker 

pieces  retain  a  central  portion  of  cast-iron,  but  in  a  softened 
state,  and  not  brittle  as  at  first,  on  sawing  them  through, 

the  skin  or  coat  of  soft  iron  is  perfectly  distinct  from  the 
remainder. 

The  mode  is  particularly  useful  for  thin  articles  that  can  be 
more  economically  and  correctly  cast,  than  wrought  at  the  forge, 

as  bridle-bits,  snuffers,  parts  of  locks,  culinary  and  other  vessels, 
pokers  and  tongs,  many  of  which  are  subsequently  case-hardened 
and  polished,  as  will  be  explained,  but  malleable  cast-iron  should 
never  be  used  for  cutting-tools. 

SECT.  VI.   CASE-HARDENING    WROUGHT    AND    CAST-IRON. 

THE  property  of  hardening  is  not  possessed  by  pure  malleable 
iron ;  but  I  have  now  to  explain  a  rapid  and  partial  process  of 

cementation,  by  which  wrought-iron  is  first  converted  exteriorly 
into  steel,  and  is  subsequently  hardened  to  that  particular  depth ; 
leaving  the  central  parts  in  their  original  condition  of  soft  fibrous 

iron.  The  process  is  very  consistently  called  case-hardening,  and 
is  of  great  importance  in  the  mechanical  arts,  as  the  pieces  com- 

bine the  economy,  strength,  and  internal  flexibility  of  iron,  with 
a  thin  casing  of  steel;  which  although  admirable  as  an  armour 
of  defence  from  wear  or  deterioration  as  regards  the  surface,  is 
unfit  for  the  formation  of  cutting  edges  or  tools,  owing  to  the 
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entire    absence  of  hammering,  itlbseqnent    to    the    cementation 
with  the  carbon.     Cast-iron  obtains  in  like  manner  a  coating  of 

1,  which  surrounds  tin-  peculiar  shape  the  metal  may  1. 
assumed  in  the  iron-fonndry  and  workshop. 

The  principal  agents  used  for  case-hardening  are  animal 
matters,  as  the  hoofs,  horns,  bones,  and  skins  of  animals;  tl, 

an  nearly  alike  in  chemical  constitution;  they  are  mostly  charred 
and  coarsely  pounded:  some  persons  also  mix  a  little  common 

with  some  of  the  above;  the  works  should  be  surrounded  on 

all  sides  with  a  layer  from  half  an  inch  to  one  inch  thick. 
The  methods  pursued  by  different  individuals  do  not  greatly 

differ;  for  example,  the  gunsmith  inserts  the  iron  work  of  the 

gun-lock,  in  a  sheet-iron  case  in  the  midst  of  partially  charred 
hone-dust;  the  lid  of  the  box  is  tied  on  with  iron  wire,  and  the 
joint  is  luted  with  clay ;  it  is  then  slowly  heated  to  redness,  and 

iued  at  that  heat  from  half  an  hour  to  an  hour,  and  the 

contents  are  immersed  in  cold  water  as  quickly  as  possible,  to 

prevent  the  access  of  air.  The  objects  sought  are  a  steely  ex- 
terior, and  a  clean  surface  covered  with  the  pretty  mottled  tints, 

apparently  caused  by  oxidation  from  the  partial  admission  of  air. 

Some  of  the  malleable  iron  castings,  such  as  snuffers,  are  case- 
hardened  to  admit  of  a  better  polish ;  it  is  usually  done  with 

burnt  bone-dust,  and  at  a  dull  red  heat;  they  remain  in  the  fire 
about  two  or  three  hours,  and  should  be  immersed  in  oil,  as  it 

does  not  render  them  quite  so  brittle  as  when  plunged  into  water. 
It  must  be  remembered  they  are  sometimes  changed  throughout 
their  substance  into  an  inferior  kind  of  steel,  by  a  process  that 

should  in  such  instances  be  called  cementation,  and  not  case- 
hardening,  consequently  they  will  not  endure  violence. 

The  mechanician  and  engineer,  use  horns,  hoofs,  bone-dust, 
and  leather,  and  allow  the  period  to  extend  from  two  to  eidit 
hours,  most  generally  four  or  five;  sometimes  for  its  greater 
penetration,  the  process  is  repeated  a  second  time  with  new 
carbonaceous  materials.     Some  open  the  box  and  immerse  the 
work  in  water  direct  from  the  furnace;  others,  with  the  view  to 

orve  a  better  surface,  allow  the  box  to  cool  without  being 
:ied,  and  harden  the  pieces  with  the  open  fire  as  a  subsequent 

operation;  the  carbon  once  added,  the  work  may  be  annealed 
and  hardened  much  the  same  as  ordinary  steel. 

When  the  case-hardening    i-*  required    to   terminate  at   any 
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particular  part,  as  a  shoulder,  the  object  is  left  with  a  band  or 
projection  ;  the  work  is  allowed  to  cool  without  being  immersed 
in  water,  the  band  is  turned  off,  and  the  work  when  hardened 

in  the  open  fire  is  only  affected  so  far  as  the  original  cemented 
surface  remains.  This  ingenious  method  was  introduced  by 
Mr.  Roberts,  of  Manchester,  who  considers  the  success  of  the 

case-hardening  process  to  depend  on  the  gentle  application  of 
the  heat ;  and  that,  by  proper  management  not  to  overheat  the 

work,  it  may  be  made  to  penetrate  three-eighths  of  an  inch  in 
four  or  five  hours. 

A  new  substance  for  the  case-hardening  process,  but  con- 
taining the  same  elements  as  those  more  commonly  employed, 

has  of  late  years  been  added,  namely,  the  prussiate  of  potash, 
(a  salt  consisting  of  two  atoms  of  carbon  and  one  of  nitrogen,) 
which  is  made  from  a  variety  of  animal  matters. 

It  is  a  new  application  without  any  change  of  principle ;  the 
time  occupied  in  this  steelifying  process,  is  sometimes  only 
minutes  instead  of  hours  and  days,  as  for  example  when  iron  is 
heated  in  the  open  fire  to  a  dull  red,  and  the  prussiate  is  either 
sprinkled  upon  it  or  rubbed  on  in  the  lump,  it  is  returned  to  the 
fire  for  a  few  minutes  and  immersed  in  water ;  but  the  process 

is  then  exceedingly  superficial,  and  it  may  if  needful  be  limited 
to  any  particular  part  upon  which  alone  the  prussiate  is  applied. 
The  effect  by  many  is  thought  to  be  partial  or  in  spots,  as  if  the 
salt  refused  to  act  uniformly ;  in  the  same  manner  that  water 
only  moistens  a  greasy  surface  in  places. 

The  prussiate  of  potash  has  been  used  for  case-hardening  the 
bearings  of  wrought-iron  shafts,  but  this  seems  scarcely  worth 
the  doing  :  it  has  been  also  employed  with  the  view  of  giving  an 
additional  and  extreme,  although  superficial  hardness  to  steel, 

as  in  Jones's  axletrees,  Perkins's  engraved  steel  plates,  &c. ;  but 
I  have  only  heard  of  one  individual  who  has  encased  work  with 

this  salt;  it  was  for  case-hardening  the  iron  rollers  and  side  plates 

of  glaziers'  vices  employed  for  milling  window-lead. 
In  the  general  way,  the  conversion  of  the  iron  into  steel,  by 

case-hardening,  is  quite  superficial,  and  does  not  exceed  the 
sixteenth  of  an  inch;  if  made  to  extend  to  one  quarter  or 

three-eighths  of  an  inch  in  depth,  to  say  the  least  it  would  be 
generally  useless,  as  the  object  is  to  obtain  durability  of  surface, 
with  strength  of  interior,  and  this  would  disproportionately 
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croach  on  the  strong  iron  within.     The  steel  obtained  in  this 

M  ntitious  manner  is  not  equal  in  strength  to  that  com 

and  hammered  in  the  usual  way,  and  if  sent  in  so  deeply,  the 

provision  for  wear  would  far  exceed  that  which  is  required. 
I       us  compare  the  case-hardening  process  with  the  usual 

on  of  steel.     The  latter  requires  a  period  of  about  seven 

days,  and  a  very  pure  carbon,  namely  wood  charcoal,  of  which  a 
minute  portion  only  is  absorbed;  and  it  being  a  simple  body,  when 

access  of  air  is  prevented  by  the  proper  security  of  the 
troughs,  the  bulk  of  the  charcoal  remains  unconsumed,  and  is 

:\cd  for  future  use,  as  it  has  undergone  no  change.     The 
y  ami  partial  process  of  cementation  is  produced  in  a  period 

commonly  less  than  as  many  hours  with  the  animal  charcoal, 

or  than  as  many  minutes  with  the  prussiate  of  potash;  but  all 

these  are  compound  bodies,  (which  contain  cyanogen,  a  body 
-istiug  of  carbon  and  nitrogen,)  and  are  never  used  a  second 

time,  but  on  the  contrary  the  process  is  often  repeated  with 

another  dose.  It  would  be  therefore,  an  interesting  inquiry  for 
the  chemist,  as  to  whether  the  cyanogen  is  absorbed  after  the 

same  manner  as  carbon  in  ordinary  steel,  (and  which  in  Mackin- 

.'s  patent  process  was  driven  through  the  crucible  in  the  form 
of  carbonic  acid  gas,  and  is  stated  to  be  absorbed  at  the  rate 

of  one-thirtieth  of  an  inch  in  depth,  each  hour;)  or  whether  the 
nitrogen  assists  in  any  way  in  hastening  the  admission  of  the 

carbou,  by  some  as  yet  untraced  affinity  or  decomposition.* 
This  hasty  supposition  will  apply  less  easily  to  cast-iron,  which 

contains  from  three  to  seven  times  as  much  carbon  as  steel,  and 

although  not  always  hardened  by  simple  immersion,  is  con- 
itly  under  the  influence  of  the  case-hardening  process; 

unless  we  adopt  the  supposition,  that  the  carbou  in  cast-iron 
which  is  mixed  with  the  metal  in  the  shape  of  cinder  in  the  blast 
furnace,  when  all  is  in  a  fluid  state,  is  in  a  less  refined  union 
than  that  instilled  in  a  more  aeriform  condition  in  the  acts  of 

itation  and  case-hardening. t 

*  It  may  happen  that  the  carbon  is  not  emcutial,  M  the  Indian  stool  or  wooU 

is  stated  to  contain  alumine  and  ailex ;  and  manganese  is  used  in  Heath's  and 
»  patents. 

t  It  would  have  been  an  easy  task  to  have  multiplied  the  examples  and  remarks 
upon  the«c  curious  subjects  of  hardening  and  tempering,  which  have  already  far, 

for,  exceeded  the  intended  limit*.    The  reader  will  find  much  useful  matter 

volume  on  Iron  and  Steel,  and  in  Gill's 
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CHAPTER   XIII. 

THE    METALS    AND    ALLOYS    MOST    COMMONLY    USED. 

THE  thirteen  metals  before  referred  to  have  now  to  be  con- 

sidered, namely,  Antimony,  Bismuth,  Copper,  Gold,  Lead,  Mer- 
cury, Nickel,  Palladium,  Platinum,  Rhodium,  Silver,  Tin,  and 

Zinc.  Unlike  iron  and  steel,  they  do  not  admit  of  being  hardened 

beyond  that  degree  which  may  be  produced  by  simple  mechanical 

means,  such  as  hammering,  rolling,  &c.,  neither,  (with  the  excep- 
tion of  platinum,)  do  they  submit  to  the  process  of  welding. 

On  the  other  hand,  their  fusibility  offers  an  easy  means  of 

uniting  and  combining  many  of  these  metals  with  great  readi- 
ness, either  singly,  or  in  mixtures  of  two  or  several  kinds,  which 

are  called  alloys.  By  the  process  of  founding,  any  required  form 
may  be  given  to  the  fusible  metals  and  alloys ;  their  malleability 
and  ductility  are  also  turned  to  most  useful  and  varied  accounts; 
and  by  partial  fusion  neighbouring  metallic  surfaces  may  be 
united,  sometimes  per  se,  but  more  generally  by  the  interposition 
of  a  still  more  fusible  metal  or  alloy  called  solder. 

The  author  intends  therefore  to  commence  with  a  brief  notice 

of  the  physical  characters  and  principal  uses  of  the  thirteen 
metals  before  named,  and  of  their  more  important  alloys.  Tables 

of  the  cohesive  force  and  of  the  general  properties  of  metals  will 
be  next  added  to  avoid  the  occasional  necessity  for  reference  to 
other  works. 

These  tables  will  be  followed  by  some  remarks  on  alloys,  which 

as  regards  their  utility  in  the  arts,  may  be  almost  considered  as 
so  many  distinct  metals  :  this  will  naturally  lead  to  the  processes 
of  melting,  mixing  and  casting  the  metals ;  a  general  notice  aud 

explanation  of  many  works,  taking  their  origin  in  the  malleable 
and  ductile  properties,  will  then  follow ;  and  the  consideration 
of  the  metals,  and  of  materials  from  the  three  kingdoms,  will  be 
concluded  by  a  descriptive  account  of  the  modes  of  soldering. 

Technological  Repository,  in  each  of  which  the  subjects  are  perhaps  treated  in  a 
more  practical  manner  than  in  many  other  works  iu  which  they  are  touched  upon. 
The  Journal  of  the  Royal  Institution,  vol.  ix.  p.  319  to  333,  contains  much  curious 
information  upon  alloys  of  steel  with  silver,  rhodium,  platinum,  nickel,  &c. 
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TIIK    METALS   AND   ALLOYS 
COKXOXLY  EMPLOYED  III 

THE  MECHANICAL  AND  USEFUL  ARTS. 

H.B.— The  Ant  paragraph  upon  each  metal  i*  extracted  from  "A  Manual  of  ChomUtry,"  by 

William  Thomas  Brande,  EM).,  of  Her  Majoij's  Mint,  F.R.S.,  Ac.  Edition  1841. 

A'o/».— The  allojri  are  in  general  arranged  under  those  metals  which  constitute  rwpectirely  their 
largest  proportional  parts,  but  in  some  few  instance*  under  thow  from  which  they  dcrire 

Utelr  peculiar  characters. 

The  greater  part  of  these  alloys  hare  been  obtained  from  various  workshops  and  manu- 

factories ;  the  authorities  for  those  derived  from  books  are  for  the  most  part  stated. 

ANTIMONY  is  of  a  silvery  white  colour,  brittle  and  crystalline  in  its  ordinary 

texture.  It  fuses  at  about  800°,  or  at  a  dull  red  beat,  and  is  volatile  at  a 
white  heat  Its  specific  gravity  is  6712.  Hatckett,  Phil.  Traiu.  1803. 
Brandt,  849. 

AJCTUIOHT  expands  on  cooling ;  it  is  scarcely  used  alone,  except  in  com- 

bination with  similar  bars  of  other  metals  for  producing  thermo-electricity  : 

but  antimony,  which  in  the  metallic  state  is  frequently  called  "  regulus,"  is 
generally  combined  with  a  large  portion  of  lead,  and  sometimes  with  tin, 
and  other  metals.  See  LEAD  and  TIN. 

"  Antimony  and  tin,  mixed  in  equal  proportions,  form  a  moderately  hard, 
brittle,  and  very  brilliant  alloy,  capable  of  receiving  an  exquisite  polish,  and 

not  easily  tarnished  by  exposure  to  the  air  ;  it  has  been  occasionally  manu- 
factured into  speculum*  for  telescopes.  Its  s.  g.,  according  to  Odlert,  is 

less  than  the  mean  of  its  constituent  parts." — Aikin't  Dictionary. 
BISMUTH  is  a  brittle  white  metal  with  a  slight  tint  of  rod  :  its  specific  gravity  is 

9-822.  (l/atduti,  PkiL  Tram.  1803.)  It  fuses  at  476°  (Crichton)  507°. 
(Rmllxry),  and  always  crystallises  on  cooling.  According  to  Chaudet,  pure 

bismuth  is  somewhat  flexible.  A  cast  bar  of  the  metal  (tee  Sennit),  one- 
tenth  of  an  inch  diameter,  supports,  according  to  Muschenbroock,  a  weight 

of  forty-eight  pounds.  Bismuth  is  volatile  at  a  high  heat,  and  may  be 
distilled  in  close  Teasels.  It  transmits  heat  more  slowly  than  most  other 

metals,  perhaps  in  consequence  of  its  texture.  (Brandt,  861.) 
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BISMUTH— cont  inutd. 

BISMUTH  is  scarcely  used  alone,  but  it  is  employed  for  imparting  fusibility 
to  alloys,  thus : 

8  bismuth,  5  lead,  3  tin,  constitute  Newton's  fusible  alloy,  which  melts 

at  212°  F. 

2  bismuth,  1  lead,  1  tin,  Rose's  fusible  alloy,  which  melts  at  201°  F. 

5  bismuth,  3  lead,  2  tin,  when  combined  melt  at  199°. 
8  bismuth,  5  lead,  4  tin,  1  type-metal,  constitute  the  fusible  alloy  used  on 

the  Continent  for  producing  the  beautiful  casts  of  the  French  medals,  by 

the  clicMe  process.  The  metals  should  be  repeatedly  melted  and  poured 

into  drops  until  they  are  well  mixed.  Mr.  Charles  V.  Walker  substituted 

antimony  for  the  type-metal,  and  strongly  recommends  this  latter  hi 

preference  to  the  first-named  fusible  alloy.  Electrotype  Manipulation, 

Part  II.  pp.  9 — 11,  where  the  cliehee  process  is  described. 
1  bismuth  and  2  tin  make  the  alloy  Mr.  Cowper  found  to  be  the  most 

suitable  for  rose-engine  and  eccentric-turned  patterns,  to  be  printed  from 

after  the  manner  of  letter-press.    He  recommends  the  thin  plates  to  be  cast 
upon  a  cold  surface  of  metal  or  stone,  upon  which  a  piece  of  smooth  paper 

is  placed,  and  then  a  metal  ring ;  the  alloy  should  neither  burr  nor  crumble ; 

if  proper,  it  turns  soft  and  silky  ;  when  too  crystalline,  more  tin  should  be 
added. 

2  bismuth,  4  lead,  3  tin,  ~\ Y  constitute  pewterers  soft  solders. 
1  bismuth,  1  lead,  2  tin,  J 

All  these  alloys  must  be  cooled  quickly  to  avoid  the  separation  of  the 

bismuth ;  they  are  rendered  more  fusible  by  a  small  addition  of  mercury. 

COPPER,  with  the  exception  of  titanium,  is  the  only  metal  which  has  a  red  colour  : 

it  has  much  lustre,  is  very  malleable  and  ductile,  and  exhales  a  peculiar 

smell  when  warmed  or  rubbed.  It  melts  at  a  bright-red  or  dull-white  heat ; 
or,  according  to  Daniell,  at  a  temperature  intermediate  between  the  fusing 

pomts  of  silver  and  gold  —1996°  Fahr.  Its  specific  gravity  varies  from 

8'86  to  8'89 ;  the  former  being  the  least  density  of  cast  copper,  the  latter 
the  greatest  of  rolled  or  hammered  copper  (Brande,  812). 

COPPER  is  used  alone  for  many  important  purposes,  and  very  extensively 

for  the  following  ;  namely,  sheathing  and  bolts  for  ships,  brewing,  distilling, 

and  culinary  vessels.  Some  of  the  fire-boxes  for  locomotive  engines,  boilers 

for  marine  engines,  rollers  for  calico-printing  and  paper-making,  plates  for 
the  use  of  engravers,  &c. 

Copper  is  used  in  alloying  gold  and  silver,  for  coin,  plate,  &c.,  and  it 

enters  with  zinc  and  nickel  into  the  composition  of  German  silver.  See 

p.  279.  Copper  alloyed  with  one-tenth  of  its  weight  of  arsenic  is  so  similar 
in  appearance  to  silver,  as  to  have  been  substituted  for  it. 

The  alloys  of  copper,  which  are  very  numerous  and  important,  are  prin- 
cipally included  under  the  general  name,  Brass.  In  the  more  common 

acceptation,  brass  means  the  yellow  alloy  of  copper,  with  about  half  its 

weight  of  zinc ;  this  is  often  called  by  engineers  "  yellow  brass." 
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Copper  alloyed  with  about  one-ninth  its  weight  of  tin,  U  the  mcul  of 

brans  ordnance,  which  ie  very  generally  called  gun-metal ;  timilar  alloy* 

used  for  the  "  brattet "  or  bearings  of  machinery,  are  called  by  engineer*, 
kard  bran*,  and  alao  gun-metal ;  and  such  alloys  when  employed  for  statues 
and  medals  are  called  bronsc.  The  further  addition  of  tin  leads  to  bell 

metal,  and  speculum  metal,  which  are  named  after  then-  respective  use* ; 
and  when  the  proportion  of  copper  is  exceedingly  small,  the  alloy  constitutes 

one  kind  of  pewter.  See  page  284. 

Copper,  when  alloyed  with  nearly  half  its  weight  of  lead,  forms  an 

inferior  alloy,  resembling  gun-metal  in  colour,  but  very  much  softer  and 

cheaper,  lead  being  only  about  one-fourth  the  value  of  tin,  and  used  in 

much  larger  proportion.  This  inferor  alloy  is  called  pot-metal,  and  also 

cock-metal,  because  it  is  used  for  large  vessels  and  measures,  for  the  Urge 
tape  or  cocks  for  brewers,  dyers,  and  distillers,  and  those  of  smaller  kinds 
for  household  use. 

Generally,  the  copper  is  only  alloyed  with  one  of  the  metals,  zinc,  tin,  or 

lead ;  occasionally  with  two,  and  sometimes  with  the  three  in  various  pro- 
portions. In  many  cases,  the  new  metals  are  carefully  weighed  according 

to  the  qualities  desired  in  the  alloy,  but  random  mixtures  more  frequently 

occur,  from  the  ordinary  practice  of  filling  the  crucible  in  great  part  with 

various  pieces  of  old  metal,  of  unknown  proportions,  and  adding  a  certain 

quantity  of  new  metal  to  bring  it  up  to  the  colour  and  hardness  required. 

This  is  not  done  solely  from  motives  of  economy,  but  also  from  an  impres- 
sion which  appears  to  be  very  generally  entertained,  that  such  mixtures 

are  more  homogeneous  than  those  composed  entirely  of  new  metals,  fused 

together  for  the  first  time. 

The  remarks  I  have  to  offer  on  these  copper  alloys  will  be  arranged  in  the 

tabular  form,  in  four  groups ;  and  to  make  them  as  practical  as  possible, 

they  will  be  stated  in  the  terms  commonly  used  in  the  brass-foundry.  Thus, 
when  the  founder  is  asked  the  usual  proportions  of  yellow  brass,  he  will  say, 

6  to  8  02.  of  zinc  (to  every  pound  of  copper  being  implied).  In  speaking  of 

gun-metal,  he  would  not  say,  it  had  one-ninth,  or  1 1  per  cent,  of  tin,  but 
simply  that  it  was  14,  2,  or  2£  oz.  (of  tin,)  as  the  case  might  be ;  so  that  the 

quantity  and  kind  of  the  alloy,  or  the  addition  to  the  pound  of  copper,  is 

usually  alone  named  ;  and  to  associate  the  various  ways  of  stating  these 

proportions,  many  are  transcribed  in  the  forms  in  which  they  are  elsewhere 

designated.  See  remarks  on  mixing  these  alloys,  pp.  311 — 816. 

ALLOTS  or  COFFER  AND  ZINC  OSLT. 

(JTo^.-Tb*  surftaul  number*  denote  U*  ounce*  of  line  added  to  tverr  pound  of  copper.) 

1  to  |  ox.  Casting*  are  seldom  made  of  pure  copper,  as  under  ordinary  circum- 
stances it  does  not  cast  soundly :  about  half  an  ounce  of  zinc  is  usually 

added,  frequently  in  the  shape  of  4  oz.  of  bras*  to  every  pound  of  copper ; 

and  by  others  4  ox.  of  brass  are  added  to  every  two  or  three  pounds  of  copper. 
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COPPER— continued. 

1  to  1J  oz.     Gilding  metal,  for  common  jewellery  :  it  is  made  by  mixing  4  parts  of 

copper  with  one  of  calamine  brass ;  or  sometimes  1  Ib.  of  copper  with  6  oz. 

of  brass.     The  sheet  gilding-metal  will  be  found  to  match  pretty  well  iu 

colour  with  the  cast  gun-metal,  which  latter  does  not  admit  of  being  rolled ; 

they  may  be  therefore  used  together  when  required. 

3  oz.        Red  sheet  brass,   made   at   Hegermuhl,  or   5|   parts   copper,   1    zinc, 

(Ure.) 
3  to  4  oz.     Bath  metal,  pinchbeck,  Mannheim  gold,  similor,  and  alloys  bearing 

various  names,  and  resembling  inferior  jeweller's  gold  greatly  alloyed  with 
copper,  are  of  about  this  proportion :  some  of  them  contain  a  little  tin ;  now 

however,  they  are  scarcely  used. 

6  oz.         Brass,  that  bears  soldering  welL 

6  oz.         Bristol  brass  is  said  to  be  of  this  proportion. 

8  oz.         Ordinary  brass,  the  general  proportion ;  less  fit  for  soldering  than  6  oz. 

it  being  more  fusible. 

8  oz,        Emerson's  patent  brass  (1781,  see  specification,  foot-note,  p.  312,)  was  of 
this  proportion  ;  and  so  is  generally  the  ingot  brass,  made  by  simple  fusion 

of  the  two  metals. 

9  oz.        This  proportion  is  the  one  extreme  of  Muntz's  patent  sheathing.  See  lOf. 

10|  oz.     Muntz's  metal,  or  40  zinc  and  60  copper.     "  Any  proportions,"  says  the 

patentee,  "  between  the  extremes,  50  zinc  and  50  copper,  and  37  zinc,  63 

copper,  will  roll  and  work  at  the  red  heat;"  but  the  first-named  proportion, 
or  40  zinc  to  60  copper  is  preferred. 

The  metal  is  cast  into  ingots,  heated  to  a  red-heat,  and  rolled  and  worked 

at  that  heat  into  ship's  bolts  and  other  fastenings  and  sheathing. 

12  oz.  Spelter-solder  for  copper  and  iron  is  sometimes  made  in  this  proportion  ; 

for  brass  work,  the  metals  are  generally  mixed  in  equal  parts.  See  16  oz. 

12  oz.  Pale  yellow  metal,  fit  for  dipping  hi  acids,  is  often  made  in  this 

proportion. 

1 6  oz.  Soft  spelter-solder,  suitable  for  ordinary  brass  work,  is  made  of  equal  parts 

of  copper  and  zinc.  About  14  Ib.  of  each  are  melted  together  and  poured 

into  an  ingot  mould  with  cross  ribs,  which  indents  it  into  little  squares  of 

about  2  Ib.  weight ;  much  of  the  zinc  is  lost.  These  lumps  are  afterwards 

heated  nearly  to  redness  upon  a  charcoal  fire,  and  are  broken  up  one  at  a 

time  with  great  rapidity  on  an  anvil  or  in  an  iron  pestle  and  mortar.  The 

heat  is  a  critical  point ;  if  too  great,  the  solder  is  beaten  into  a  cake  or  coarse 

lumps,  and  becomes  tarnished  ;  when  the  heat  is  proper,  it  is  nicely  granu- 

lated, and  remains  of  a  bright  yellow  colour ;  it  is  afterwards  passed  through 

a  sieve.  Of  course  the  ultimate  proportion  is  less  than  16  oz.  of  zinc. 

16  oz.       Equal  parts  is  the  one  extreme  of  Muntz's  patent  sheathing.     See  lOjj. 

16J  oz.  Hamilton  and  Parker's  patent  Mosaic  gold,  which  is  dark-coloured  when 
first  cast,  but  on  dipping  assumes  a  beautiful  golden  tint  When  cooled 

and  broken,  say  the  patentees,  "  all  yellowness  must  cease,  and  the  tinge 
vary  from  Toddish  fawn  or  salmon  colour,  to  a  light  purple  or  lilac,  and 
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from  that  to  whitenem."    The  proportiotui  arc  stated  a*  from  52  to  58  rinc 
to  60  of  copper,  or  16  J  to  17  oz.  to  the  pound.     Jtrpcrtory,  voL  iii.  p.  248. 

32  ox.  or  2  mine  to  1   copper,  a  bluish-white,  brittle  alloy,  very  brilliant,  and  so 
crystalline  that  it  may  be  pounded  cold  in  a  pestle  and  mortar. 

128  o/.  or  2  ounces  of  copper  to  every  pound  of  zinc ;  a  hard  crystalline  metal, 

differing  but  little  from  line,  but  more  tenacious,  it  has  boon  uaod  for  laps 

or  polishing  ̂ '"k* 

RPUHKB  ON  THE  ALLOTS  OF  COPFKB  AND  ZlSC. 

These  metals  seem  to  mix  in  all  proportions. 

The  addition  of  cine  continually  increases  the  fusibility,  but  from  the 

extremely  volatile  nature  of  cine,  these  alloys  cannot  be  arrived  at  with  very 

strict  regard  to  proportion.  See  remarks  on  those  alloys,  pages  311  to  316. 

The  red  colour  of  copper  slides  into  that  of  yellow  brass  at  about  4  or  5 

os,  to  the  pound,  and  remains  little  altered  unto  about  8  or  10  oz. ;  after 

this  it  becomes  whiter,  and  when  32  oz.  of  zinc  are  added  to  16  of  copper, 

the  mixture  has  the  brilliant  silvery  colour  of  speculum  metal,  but  with  a 
bluish  tint 

These  alloys,  from  about  8  to  16  oz.  to  the  pound  of  copper,  are  extensively 

used  for  dipping,  as  in  an  enormous  variety  of  furniture  work  :  in  all  cases 

the  metal  is  annealed  before  the  application  of  the  scouring  or  cleaning 

processe*,  and  of  the  acids,  bronzes  and  lackers  subsequently  used. 

The  alloys  with  zinc  retain  their  malleability  and  ductility  well,  unto 

about  8  or  10  ounces  to  the  pound ;  after  this  the  crystalline  character 

slowly  begins  to  prevail.  The  alloy  of  2  zinc  and  1  copper,  before  named, 

may  be  crumbled  in  a  mortar  when  cold. 

The  ordinary  range  of  good  yellow  bras*,  that  files  and  turns  well,  is 

from  about  4|  to  9  oz.  to  the  pound.  With  additional  zinc,  it  is  harder 

and  more  crystalline ;  with  less,  more  tenacious  and  it  hangs  to  the  file  like 

copper;  the  range  is  wide,  and  small  differences  are  not  perceived. 

ALLOTS  or  COPPER  AND  TIN  ONLT. 

(Not*.— The  margin*]  number*  denote  the  ounce*  of  tin  added  to  every  pound  of  copper.) 

Ancient  Copper  and  Tin  Alloy*. 

|  oz.        Ancient  bronze  nails  flexible,  or  20  copper,  1  tin.     Ure, 

According  to  Pliny,  as  quoted  by  Wilkin- 
1J  os.  Soft  bronze,  or  .  .  9tol 

3  os.  Medium  bronse,  or  8  to  1 

2\  oz.  Hard  bronco,  or  .  7  to  1 

6  to  8  oz.  Ancient  mirrors. 

Ancient  weapons  and  tools,  by  various 

analyses,  or  8  to  15  per  cent  tin;  medals 

from  8  to  12  per  cent  tin,  with  2  parts  sine 

added  to  each  100,  for  improving  the  bronse 

.colour. —  Ure. 
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Modern  Copper  and  Tin  A  Hoys. 

1     oz.      Soft  gun-metal,  that  bears  drifting,  or  stretching  from  a  perforation, 

1  &  oz.      A  little  harder  alloy,  fit  for  mathematical  instruments ;  or  12  copper  and 

1  very  pure  grain  tin. 

H  oz.      Still  harder,  fit  for  wheels  to  be  cut  with  teeth, 

l^to  2  oz.  Brass  ordnance,  or  8  to  12  per  cent,  tin;  but  the  general  proportion  is 

one  ninth  part  of  tin. 

2  oz.      Hard  bearings  for  machinery. 

2  i  oz.       Very  hard  bearings  for  machinery.  By  Muschenbroeck's  Tables  it  appears 
that  the  proportion  1  tin  and  6  copper  is  the  most  tenacious  alloy ;  it  is  too 

brittle  for  general  use,  and  contains  2  J-  oz.  to  the  pound  of  copper.  See  p.  289. 

For  some  other  alloys  used  in  machinery,  see  Alloys  of  Copper,  Zinc,  Tin, 

and  Lead,  page  272. 

3  oz.  Soft  musical  bells. 

3£  oz.  Chinese  gongs  and  cymbals,  or  20  per  cent  tin.     (Ure,  fol.  191.) 

4  oz.  House  bells. 

44  oz.  Large  bells. 

5  oz.  Largest  bells. 

7^  to  8J  oz.  Speculum  metal.  Sometimes  one  ounce  of  brass  is  added  to  every 

pound  as  the  means  of  introducing  a  trifling  quantity  of  zinc,  at  other  times 

small  proportions  of  silver  are  added ;  the  employment  of  arsenic  was 

strongly  advocated  by  the  Rev.  John  Edwards.  Lord  Oxmantown,  now  the 

Earl  of  Rosse,  says,  "  tin  and  copper,  the  materials  employed  by  NEWTON  in 
the  first  reflecting  telescope,  are  preferable  to  any  other  with  which  I  am 

acquainted ;  the  best  proportions  being  four  atoms  of  copper  to  one  of  tin 

(TURNER'S  numbers) ;  in  fact,  126-4  parts  of  copper  to  58'9  of  tin." — Trans. 
Royal  Soc.,  1840,  p.  504. 

The  object  agreed  upon  by  all  experimentalists  appears  to  be  the  exact 

saturation  of  the  copper  with  the  tin,  and  the  proportionate  quantities  differ 

very  materially,  (in  this  and  all  other  alloys,)  according  to  the  respective 

degrees  of  purity  of  the  metals :  for  the  most  perfect  alloys  of  this  group, 

Swedish  copper,  and  grain  tin,  should  be  used. 

Mr.  Ross  says,  "  When  the  alloy  is  perfect,  it  should  be  white,  glassy, 

and  flaky.  When  the  copper  is  in  excess,  it  imparts  a  red  tint  easily 

detected ;  when  the  tin  is  in  excess,  the  fracture  is  granulated  and  also  less 

white."  His  practice  is  to  pour  the  melted  tin  into  the  fluid  copper  when 
it  is  at  the  lowest  temperature  that  a  mixture  by  stirring  can  be  effected, 

then  to  pour  the  mixture  into  an  ingot  and  to  complete  the  combination  by 

remelting  in  the  most  gradual  manner,  by  putting  the  metal  into  the  furnace 

as  soon  almost  as  the  fire  is  lighted  :  trial  is  made  of  a  little  piece  taken 

from  the  pot  immediately  prior  to  pouring. 

See  Dr.  Edward's  Paper  on  Speculums,  published  in  the  Nautical  Almanack, 

1787,  reprinted  in  Gill's  Technological  Repository,  vol.  i.  p.  240,  and  264. 

See  likewise  Lord  Oxman town's  Paper,  Trans.  Royal  Society,  1840,  pp. 
503—527. 
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os.  of  tin  to  on*  pound  of  copper,  make  the  alloy  called  by  the  pewteren 

11  temptr,"  which  is  added  in  small  quantities  to  tin,  for  some  kinds  of 

pewter,  called  "  tin  amd  temper,"  in  which  the  copper  is  frequently  much  less 
than  1  per  cent  See  PEWTER,  page  284,  and  mixing  the  same,  page  310. 

REMARKS  o»  THE  ALLOTS  or  COPPER  AJCD  Tut  OKLT. 

These  metals  seem  to  mix  in  all  proportions. 

The  addition  of  tin  continually  increases  the  fusibility,  although  when  it 

is  added  cold  it  is  apt  to  make  the  copper  pasty,  or  even  to  set  it  in  a  solid 

lump  in  the  crucible. 

The  red  colour  of  the  copper  is  not  greatly  impaired  in  those  proportions 

used  by  the  engineer,  namely,  up  to  about  2}  ounces  to  the  pound  ;  it  be- 
comes greyish  white  at  6,  the  limit  suitable  for  bells,  and  quite  white  at  about 

8,  the  speculum  metal,  after  this,  the  alloy  becomes  of  a  bluish  cast 

The  tin  alloy  is  scarcely  malleable  at  2  ounces,  and  soon  becomes  very 

hard,  brittle,  and  sonorous  ;  and  when  it  has  ceased  to  serve  for  producing 

sound,  it  is  employed  for  reflecting  light 

The  tough  tenacious  character  of  copper  under  the  tools  rapidly  gives 

way;  alloys  of  1}  cut  easily.  2}  assume  about  the  maximum  hardness 

without  being  crystalline  ;  after  this  they  yield  to  the  file  by  crumbling  in 

fragments  rather  than  by  ordinary  abrasion  in  shreds,  until  the  tin  very 

greatly  predominates,  as  in  the  pewters,  when  the  alloys  become  the  more 

flexible,  soft,  malleable,  and  ductile,  the  leas  copper  they  contain. 

ALLOTS  or  COPPER  AND  LEAD  ONLY. 

(tfott.—Tbe  marginal  numbers  denote  the  ounce*  of  lead  added  to  ever?  pound  of  copper.) 

2  oz.        A  red-coloured  and  ductile  alloy. 
4  oz.        Leas  red  and  ductile  ;  neither  of  these  is  so  much  used  as  the  following, 

as  the  object  is  to  employ  as  much  lead  as  possible. 

0  oz.        Ordinary  pot-metal,  called  dry  pot-metal,  as  this  quantity  of  lead  will  be 
taken  up  without  separating  on  cooling  ;  this  is  brittle  when  warmed. 

7  os.        This  alloy  is  rather  short,  or  disposed  to  break. 

8  oz.        Inferior  pot-metal,  called  wet  pot-metal,  as  the  lead  partly  oozes  out  in 

cooling,  especially  when  the  new  metals  are  mixed  ;  it  is  therefore  always 

usual  to  fill  the  crucible  in  part  with  old  metal,  and  to  add  new  for  the 

remainder.  This  alloy  is  very  brittle  when  slightly  warmed.  More  lead 

can  scarcely  be  used  as  it  separates  on  cooling. 

on  THE  ALLOTS  or  COPPER  AND  LEAD  ONLY. 

These  metals  mix  in  all  proportions  until  the  lead  amounts  to  nearly  half; 

after  this  they  separate  in  cooling. 

The  addition  of  lead  greatly  increases  the  fusibility. 

The  red  colour  of  the  copper  is  soon  deadened  by  the  lead  ;  at  about  4 

ounces  to  the  pound  the  work  has  a  bluish  leaden  hue  when  first  turned,  but 

changes  in  an  hour  or  so  to  that  of  a  dull  gun-metal  character. 
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When  the  lead  does  not  exceed  about  4  oz.  the  mixture  is  tolerably  malle- 
able, but  with  more  lead  it  soon  becomes  very  brittle  and  rotten  :  the  alloy 

is  greatly  inferior  to  gun-metal,  and  is  principally  used  on  account  of  the 
cheapness  of  the  mixture,  and  the  facility  with  which  it  is  turned  and  filed. 

ALLOTS  OF  COPPER,  ZINC,  TIN,  AND  LEAD,  &c. 

This  group  refers  principally  to  gun-metal  alloys,  to  which  more  or  less  zinc  is  added 
by  many  engineers ;  the  quantity  of  tin  in  every  pound  of  the  alloy,  which  is  expressed 
by  the  marginal  numbers  principally  determines  the  hardness. 

Keller's  statues  at  Versailles  are  found  as  the  mean  of  four  analyses,  to 
consist  of — 

Copper  .     .     .      91 '40  or  about  14f  ounces. 
Zinc  ....      5-53        „        1        „ 

Tin    ....      1-70        „        Of      „ 
Lead.     .     .     .       1-37        „        0}      „ 

In  100-  parts  or  the  16  ounces. 

1 1  to  2  J  oz.  tin  to  1  Ib.  copper  used  for  bronze  medals,  or  8  to  1 5  per  cent,  tin,  with 

the  addition  of  2  parts  in  each  100  of  zinc,  to  improve  the  colour.  (Ure.) 

The  modern  so-called  bronze  medals  of  our  Mint  are  of  pure  copper,  and 
afterwards  bronzed  superficially. 

1£  oz.  tin  £  zinc    to    16  oz.  copper.     Pumps  and  works  requiring  great  tenacity. 

1|  oz.  tin  2  oz.  brass  16        „         1 
}•  For  wheels  to  be  cut  into  teeth. 

H      .,      2         „        16        „         J 

2        „      14       „        16        „  For  turning  work. 

2$      „       H      „         16         „  For  nuts  of  coarse  threads,  and  bearings. 

The  engineer  who  uses  these  five  alloys  recommends  melting  the  copper 

alone  ;  the  small  quantity  of  brass  is  then  melted  in  another  crucible,  and 

the  tin  in  a  ladle  ;  the  two  latter  are  added  to  the  copper  when  it  has  been 

removed  from  the  furnace ;  the  whole  are  stirred  together  and  poured  into 

the  moulds  without  being  run  into  ingots.  The  real  quantity  of  tin  to  every 

pound  of  copper  is  about  one-eighth  oz.  less  than  the  numbers  stated,  owing 
to  the  addition  of  the  brass,  which  increases  the  proportion  of  copper. 

1 1  oz.  tin,  1£  oz.  zinc,  to  1  Ib.  copper.  This  alloy,  which  is  a  tough,  yellow,  brassy 

gun-metal,  is  used  for  general  purposes  by  a  celebrated  engineer;  it  is 
made  by  mixing  1J  Ib.  tin,  1|  Ib.  zinc,  and  10  Ib.  of  copper;  the  alloy  is 
first  run  into  ingots. 

24  oz.  tin,  \  oz.  of  zinc,  to  1  Ib.  copper,  used  for  bearings  to  sustain  great  weights. 

2J  oz.  tin,  2J  oz.  zinc,  to  1  Ib.  copper,  were  mixed  by  the  late  Sir  F.  Chan  trey,  and 

a  razor  was  made  from  the  alloy ;  it  proved  nearly  as  hard  as  tempered 

steel,  and  exceedingly  destructive  to  new  files,  and  none  others  would  touch 

it.  (Wilkinson.) 

1  oz.  tin,  2  oz.  zinc,  16  oz.  brass.     Best  hard  white  metal  for  buttons. 

$  oz.  tin,  1|  oz.  zinc,  16  oz.  brass.     Common  ditto.     (Phillipa's  Dictionary.) 
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10  Ib.  tin,  0  Ib.  copper,  4  Ib.  bnuw  constitute  whit*  Bolder.  The  copper  and 
brass  are  fint  melted  together,  the  tin  is  added,  and  the  whole  stirred  and 

poured  through  birch  twigs  into  water  to  granulate  it  ;  it  U  afterword* 

dried  and  pulrerUed  cold  in  an  iron  pestle  and  mortar.  This  white  solder 

was  introduced  as  a  substitute  for  silver  solder  in  making  gilt  buttons. 

Another  button  solder  consists  of  10  parts  copper,  8  of  brass,  and  12  of 

spelter  or  sine. 

REMARKS  0.1  ALLOTS  or  GOITER,  Zi.vc.  Tnr,  AXD  LEAD.  Ac. 

ORDINARY  YELLOW  BRASS,  (copper  and  rinc.)  is  rendered  very  sensibly 

harder,  so  as  not  to  require  to  be  hammered,  by  a  small  addition  of  tin,  say 

i  or  4  ox.  to  the  Ib.  On  the  other  hand,  by  the  addition  of  J  to  J  oz.  of  lead, 

it  becomes  more  malleable  and  casts  more  sharply.  Brass  becomes  a  little 

whiter  for  the  tin,  and  redder  for  the  lead.  The  addition  of  nickel  to  copper 

and  cine  constitutes  the  so-called  German  silver.  See  NICKEL,  page  279. 
METAL,  (copper  and  tin,)  very  commonly  receives  a  small  addition  of 

sine  ;  this  makes  the  alloy  mix  better,  and  to  lean  to  the  character  of  brass 

by  increasing  the  malleability  without  materially  reducing  the  hardness.  The 

standard  measures  for  the  Exchequer  were  made  of  a  tough  alloy  of  this  kind. 

The  zinc,  which  is  sometimes  added  in  the  form  of  brass,  also  improves  the 

colour  of  the  alloy,  both  in  the  recent  and  bronzed  states.  Lead  in  small 

quantity  improves  the  ductility  of  gun-metal,  but  at  the  expense  of  its 
hardness  and  colour  ;  it  is  seldom  added.  Nickel  has  been  proponed  as  an 

addition  to  gun-metal  by  Mr.  Donkin,  and  antimony  by  Dr.  Ure. 
POT  METAL  (copper  and  lead)  is  improved  by  the  addition  of  tin,  and  the 

three  metals  will  mix  in  almost  any  proportions  :  when  the  tin  predomi- 

nates, the  alloy  so  much  the  more  nearly  approaches  the  condition  of  gun- 

metal.  Zinc  may  be  added  to  pot-metal  in  very  small  quantity,  but  when 
the  zinc  becomes  a  considerable  amount,  the  copper  takes  up  the  zinc, 

forming  a  kind  of  brass,  and  leaves  the  lead  at  liberty,  and  which  in  great 

measure  separates  in  cooling.  Zinc  and  lead  are  also  very  indisposed  to  mix 

alone,  although  a  little  arsenic  assists  their  union  by  "  killing  "  the  lead,  as 
in  shot  metal.  Antimony  also  facilitates  the  combination  of  pot-metal  ; 
7  lead,  1  antimony,  and  16  copper,  mix  perfectly  well  the  first  fusion,  and 

the  alloy  was  decidedly  harder  than  4  lead  and  16  copper  ;  and  apparently 

a  better  metaL  "  Lead  and  antimony,  though  in  small  quantity,  have  a 
remarkable  effect  in  diminishing  the  elasticity  and  sonorousness  of  the 

copper  alloys." 
BOLD  is  of  a  deep  and  peculiar  yellow  colour.  It  melts  at  a  bright  red  heat 

equivalent,  according  to  Daniell,  to  2016°  of  Fahrenheit's  scale,  and  when 
in  fusion  appears  of  a  brilliant  greenish  colour.  Its  specific  gravity  is  19-8. 
It  in  so  malleable  that  it  may  be  extended  into  leaves  which  do  not  exceed 

the  one  two-hundred  and  eighty-two  thousandth  of  an  inch  in  thickness, 
or  a  bingle  grain  may  be  extended  over  56  square  inches  of  surface.  Thu 
TO!  T 
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GOLD — continued. 

extensibility  of  the  metal  is  well  illustrated  by  gilt  buttons,  144  of  which 

are  gilt  by  5  grains  of  gold,  and  less  than  even  half  that  quantity  is  adequate 

to  give  them  a  very  thin  coating.  It  is  also  so  ductile  that  a  grain  may  be 

drawn  out  into  500  feet  of  wire.  The  pure  acids  have  no  action  upon 

gold.  (Brande,  972.) 

GOLD  in  the  pure  or  fine  state  is  not  employed  in  bulk  for  many  purposes 

in  the  arts,  as  it  is  then  too  soft  to  be  durable.  The  gold  foil  used  by 

dentists  for  stopping  decayed  teeth  is  perhaps  as  nearly  pure  as  the  metal 

can  be  obtained :  it  contains  about  6  grains  of  alloy  in  the  pound  troy,  or 

the  one-thousandth  part.  Every  superficial  inch  of  this  gold  foil  or  leaf 
weighs  |  of  a  grain,  and  is  42  times  as  thick  as  the  leaf  used  for  gilding. 

The  wire  for  gold  lace  prepared  by  the  refiners  for  gold  lace  manufac- 
turers, requires  equally  fine  gold,  as  when  alloyed  it  does  not  so  well  retain 

its  brilliancy.  The  gold  in  the  proportion  of  about  100  grains  to  the  pound 

troy  of  silver,  or  of  140  grains  for  double-gilt  wire,  is  beaten  into  sheets  as 

thin  as  paper ;  it  is  then  burnished  upon  a  stout  red-hot  silver  bar,  the 
surface  of  which  has  been  scraped  perfectly  clean.  When  extended  by 

drawing,  the  gold  still  bearing  the  same  relation  as  to  quantity,  namely, 

the  57th  part  of  the  weight,  becomes  of  only  one-third  the  thickness  of 

ordinary  gold-leaf  used  for  gilding.  In  water-gilding,  fine  gold  is  amal- 
gamated with  mercury,  and  washed  over  the  gilding  metal,  (copper  and 

tin,)  the  mercury  attaches  itself  to  the  metal,  and  when  evaporated  by 

heat,  it  leaves  the  gold  behind  in  the  dead  or  frosted  state  :  it  is  brightened 

with  the  burnisher.  (See  Technological  Repository,  vol.  ii.,  p.  361 — 1828.) 

By  the  electrotype  process  a  still  thinner  covering  of  pure  gold  may  be 

deposited  on  silver,  steel,  and  other  metals.  Mr.  Dent  has  introduced  this 

method  of  protecting  the  steel  pendulum  springs  of  marine  chronometers 

and  other  time-pieces  from  rust. — See  Note,  p.  252. 
Fine  gold  is  also  used  for  soldering  chemical  vessels  made  of  platinum. 

GOLD  ALLOYS. 

Gold-leaf  for  gilding  contains  from  3  to  12  grains  of  alloy  to  the  oz.,  but 
generally  6  grains.  The  gold  used  by  respectable  dentists,  for  plates,  is 

nearly  pure,  but  necessarily  contains  about  6  grains  of  copper  in  the  oz.  troy, 

or  one  80th  part ;  others  use  gold  containing  upwards  of  one-third  of  alloy, 
the  copper  is  then  very  injurious. 

With  copper,  gold  forms  a  ductile  alloy  of  a  deeper  colour,  harder  and 

more  fusible  than  pure  gold :  this  alloy,  in  the  proportion  of  11  of  gold  to  1 

of  copper,  constitutes  standard  gold  ;  its  density  is  17'157,  being  a  little 
below  the  mean,  so  that  the  metals  slightly  expand  on  combining.  One  troy 

pound  of  this  alloy  is  coined  into  46JJ  sovereigns,  or  20  troy  pounds  into 

934  sovereigns  and  a  half.  The  pound  was  formerly  coined  into  44  guineas 

and  a  half.  The  standard  gold  of  Franco  consists  of  9  parts  of  gold  and 

1  of  copper.  (Brn-ndf..  979.) 
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•  "II'  -ctmtimtud. 

'  lotd  Plate  the  French  have  thr«e  different  standard* :  99  part*  gold, 
8  copper ;  also  84  gold,  10  copper ;  and  75  gold,  26  copper. 

In  England,  the  purity  of  gold  u  expressed  by  the  term*  22,  18,  16, 

carato,  Ac.  The  pound  troy  is  supposed  to  be  divided  into  24  parts,  and 

the  gold,  if  it  could  be  obtained  perfectly  pure,  might  be  called  24  carats  fine. 

The  "  Old  Standard  Gold,"  or  that  of  our  present  currency,  is  called  fine, 
there  being  22  part*  of  pure  gold  to  2  of  copper. 

The  "  Now  Standard,"  for  watch-cases,  Ac.  w  18  carats  of  fine  gold,  and 
6  of  alloy.  No  gold  of  inferior  quality  to  1 8  carats,  or  the  "  New  Standard," 
can  receive  the  Hall  mark ;  and  gold  of  lower  quality  is  generally  described 
by  its  commercial  value,  as  60  or  40  shilling  gold,  Ac. 

The  alloy  may  be  entirely  silver,  which  will  give  a  green  colour,  or 

entirely  copper  for  a  red  colour,  but  the  copper  and  silver  are  more  usually 

mixed  in  the  one  alloy  according  to  the  taste  and  judgment  of  the  jeweller. 

The  following  alloys  of  gold  ore  transcribed  from  tho  memoranda  of  the  pro- 

'tis  employed  by  a  practical  jeweller  of  considerable  experience.* 
Pint  Group.     Different  kinds  of  gold  that  are  finished  by  polishing,  burnishing, 

Ac.  without  necessarily  requiring  to  be  coloured  :— 

The  gold  of  22  carats  fine,  or  the  "  Old  Standard,"  is  so  little  used  on  account  of 
its  expense  and  greater  softness  that  it  has  been  purposely  omitted. 

1 8  carats,  or  New  Standard  gold,  of 

yellow  tint : ' 
15  dwt.    0  grs.  gold. 

2  dwt  18  grs.  silver. 

2  dwt.    6  grs.  copper. 

20  dwt.    0  grs. 

1 8  carats,  or  New  Standard  gold,  of 

red  tint  :• 
15  dwt.    0  grs.  gold. 

1  dwt  18  grs.  silver. 
8  dwt    6  grs.  copper. 

20  dwt    0  gra. 

16  carats,  or  Spring  gold  :  this,  when 
drawn  or  rolled  very  hard,  makes 
springs  little  inferior  to  those  of  steel 

/_  16  dwt.  gold,      or  M  2 

6  dwt  stiver.    —   •  4 

U  dwt  copper.  —   -T2 

•2  ../:.  14  dwt  2-  8 

60*.  gold  of  yellow  tint,  or  tho  fine  gold 
of  the  jewellers ;  16  carats  nearly. 

1  oz.    0  dwt  gold. 

7  dwt  silver. 
5  dwt  copper. 

1  oz.  12  dwt 

60*.  gold  of  red  tint,  or  16  carats  • 
1  oz.    0  dwt  gold. 

2  dwt  silver. 
8  dwt.  copper. 

1  oz.  10  dwt 

40*.  gold,  or  the  old-fashioned  jewellers' 
gold,  about  11  carats  fine :  no  longer 
used: 

1  ox.    0  dwt  gfl'l. 
12  dwt  silver. 
12  dwt  copper. 

2  oz.    4  dwt 

•  When  It  !•  act  ota«rwte  aprwud,  U  will  be  tmdmbwd  all  UMM  alloy,  are  made  with  n«. 

totd,ta«  rihcr,  sad  tassappr.oUaiMddirwt  from  th«  raAs«r».  And  tomwr*  th*  .immUrd  fold 

p*«inKthrt«»tofU>eIUJl,lhr^orlbarfTmiii««dditl«ialerffoW«ren(m«lly«*Ud  to  OTTJT  OOM*. 
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Second  Group.  Coloured  golds ;  these  all  require  to  be  submitted  to  the  process 

of  wet-colouring,  which  will  be  explained  :  they  are  used  in  much  smaller  quan- 

tities, and  require  to  be  very  exactly  proportioned. 

Full  red  gold : 

5  dwt.  gold. 
5  dwt.  copper. 

10  dwt. 

Red  gold : 

10  dwt.  gold. 
1  dwt.  silver. 
4  dwt.  copper. 

15  dwt. 

Green  gold : 
5  dwt.    0  grs.  gold. 

21  grs.  silver. 

5  dwt.  21  grs. 

Grey  gold  :  (Platinum  is  also  called 

grey  gold  by  jewellers.) 
8  dwt.  lf>  grs.  gold. 

1  dwt.    9  grs.  silver. 

5  dwt.    0  grs. 

Blue  gold :  scarcely  used. 
5  dwt.  gold. 
5  dwt.  steel  filings. 

10  dwt. 

Antique  gold,  of  a  fine  greenish-yellow 
colour : 

18  dwt.  9  grs.  gold,  or  18-9 

21  grs.  silver,  —  1  '3 
18  grs.  copper,  —  '12 

20  dwt.  0  grs.        20-0 

Third  Group.  Gold  solders ;  these  are  generally  made  from  gold  of  the  same 

quality  and  value  as"  they  are  intended  for,  with  a  small  addition  of  silver  and 

copper,  thus : — 

Solder  for  22  carat  gold  : 

1  dwt.  0  grs.  of  22  carat  gold. 

2  grs.  silver. 
1  gr.  copper. 

1  dwt.  3  grs. 

Solder  for  18  carat  gold: 
1  dwt.  0  grs.  of  18  carat  gold. 

2  grs.  silver. 
1  gr.  copper. 

1  dwt.  3  grs. 

Solder  for  60*.  gold :  • 
1  dwt.    0  grg.  of  60*.  gold. 

10  grs.  silver. 
8  grs.  copper. 

1  dwt.  18  grs. 

Solder  for  40*.  gold :  but  middling  silver 
solder  is  more  generally  used. 

1  dwt/  fine  gold. 
1  dwt.  silver. 
2  dwt.  copper. 

4  dwt. 

Dr.  Hermstadt's  imitation  of  gold,  which  is  stated  not  only  to  resemble  gold  in 
colour,  but  also  in  specific  gravity  and  ductility,  consists  of  16  parts  of  platinum, 

7  parts  of  copper,  and  1  of  zinc,  put  in  a  crucible,  covered  with  charcoal  powder, 

and  melted  into  a  mass. — Hanoverian  Magazine. 

Gold  alloyed  with  platinum  is  also  rather  elastic,  but  the  platinum  whitens  the 

alloy  more  rapidly  than  silver. 

•  By  others,  4  grain*  of  braxs  are  added  to  the  solder ;  it  then  fuse*  beautifully  and  is  of  good 
colour.  Zinc  is  sometimes  added  to  other  gold  solders  to  increase  their  fusibility,  the  zinc,  (or 
brass  when  used,)  should  be  added  at  the  last  moment,  to  lessen  the  volatilization  of  the  zinc. 



LEAD,  TYPES,  SHEET  LEAD,  ORGAN  PIPES. 

LEAD  appears  to  hare  been  known  in  the  earliest  ages  of  the  world  Iu  colour 

is  bluish  white ;  it  has  much  brilliancy,  is  remarkably  flexible  and  soft,  and 

leave*  a  black  streak  on  paper  :  when  handled  it  exhale*  a  peculiar  odour. 

It  melta  at  about  612*,  and  by  the  united  action  of  heat  and  air,  is  readily 
converted  into  an  oxide.  Its  specific  gravity,  when  pure,  is  11 '4 4  5 ;  but  the 

lead  of  commerce  seldom  exceeds  11-35.  (Brandt,  833.) 

LEAD  is  used  in  a  state  of  comparative  purity  for  roof*,  cisterns,  pipes. 

Teasels  for  sulphuric  acid,  Ac.  Ships  were  sheathed  with  lead  and  with 

wood,  from  before  the  Christian  era  to  1450,  after  which  wood  was  more 

commonly  employed,  and  in  1700  to  1800  copper  sheathing  became  general  ; 

of  late  years,  lead  with  a  little  antimony  has  likewise  been  used,  also  Muntz's 
sheathing,  an  alloy  of  copper  and  zinc  and  galvanized  sheet  iron.  The  most 

important  alloys  of  lead  are  those  employed  for  printers'  type,  namely,  about 

3  lead,  1  antimony,  for  the  smallest,  hardest,  and  most  brittle  types. 

4  lead,  1  antimony,  for  small,  hard,  brittle  types. 

5  lead,  1  antimony,  for  types  of  medium  size. 

6  lead,  1  antimony,  for  large  types. 

7  lead,  1  antimony,  for  the  largest  and  softest  types. 

The  small  types  generally  contain  from  4  to  6  per  cent  of  tin,  and  some- 

times also  1  to  2  per  cent  of  copper;  but  as  old  metal  is  always  used  with 

the  new,  the  proportions  are  not  exactly  known. — See  pp.  293,  310,  and  323. 

Stereotype-plates  contain  about  4  to  8  ports  of  lead  to  1  of  antimony. 

Baron  Wetterstedt's  patent  sheathing  for  ships,  consists  of  lead  with 
from  2  to  8  per  cent  of  antimony ;  about  3  per  cent  is  the  usual  quantity. 

The  alloy  is  rolled  into  sheets. 

Similar  alloys,  and  those  of  lead  and  tin  in  various  preparations,  are  much 

used  for  emery  wheels  and  grinding-tools  of  various  forms  by  the  lapidary, 

engineer  and  others.  The  latter  also  employs  these  readily -fused  alloys  for 

temporary  bearings,  guides,  screw-nuts,  4c. — See  foot-note,  p.  293. 

Organ  pipes  consist  of  lead  alloyed  with  about  half  its  quantity  of  tin  to 

harden  it  The  mottled  or  crystalline  appearance  so  much  admired  shows 
on  abundance  of  tin. 

Shot  metal  is  said  to  consist  of  iO  Ib.  of  arsenic  to  one  ton  of  lead. 

In  easting  sheet-lead,  the  metal  was  poured  from  a  swing-trough  upon 
a  long  and  nearly  horizontal  table  covered  with  a  thin  layer  of  coarse  damp 

sand,  previously  levelled  with  a  metal  rule  or  strike.  The  thickness  of  the 

fluid  metal  was  determined  by  running  the  strike  along  the  table  before  the 

lead  cooled,  the  excess  being  thus  swept  into  a  spill-trough  at  the  lower  end 

of  the  table ;  but  the  sheet-lead  now  more  commonly  used,  is  cast  in  a  thick 

slab,  and  reduced  between  laminating  rollers ;  it  is  known  as  "  milled-lead." 
The  metal  for  organ-pipes  is  prepared  by  allowing  the  metal  to  escape 

through  the  slit  in  a  trough,  as  it  is  slid  along  a  horizontal  table,  so  as  to 

leave  a  trail  of  metal  behind  it ;  the  thickness  of  the  metal  is  regulated  by 

the  width  of  the  slit  through  which  it  runs,  and  the  rapidity  of  the  traverse ; 
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a  piece  of  cloth  or  ticken  is  stretched  upon  the  casting  table.  The  metal 

is  planed  to  thickness,  bent  up,  and  soldered  into  the  pipes. 

Lead  pipes  are  cast  as  hollow  cylinders,  and  drawn  out  upon  triblets ;  they 

are  also  cast  of  indefinite  length  without  drawing.  A  patent  was  taken  out 

for  casting  a  sheath  of  tin  within  the  lead,  but  it  has  been  abandoned. 

Lead  shot  are  cast  by  letting  the  metal  run  through  a  narrow  slit,  into  a 

species  of  colander  at  the  top  of  a  lofty  tower ;  the  metal  escapes  in  drops, 

which  for  the  most  part  assume  the  spherical  form  before  they  reach  the 

tank  of  water  into  which  they  fell  at  the  foot  of  the  tower,  and  this  pi-events 
their  being  bruised.  The  more  lofty  the  tower,  the  larger  the  shot  that  can  be 

produced ;  the  good  and  bad  shot  are  separated  by  throwing  small  quantities 

at  a  tune  upon  a  smooth  board  nearly  horizontal,  which  is  slightly  wriggled, 

the  true  or  round  shot  run  to  the  bottom,  the  imperfect  ones  stop  by  the 

way,  and  are  thrown  aside  to  be  re-melted,  the  shot  are  afterwards  riddled 
or  sifted  for  size,  and  churned  in  a  barrel  with  black  lead. 

Mr.  Joseph  Manton  took  out  a  patent  for  amalgamating  the  surface  of 

leaden  shot  with  mercury.  One  pound  of  mercury  was  added  to  every  cwt. 

of  shot ;  they  were  churned  together  in  a  revolving  barrel  nearly  full  of 

water,  until  the  shot  assumed  a  silvery  coat.  These  shot  were  stated  to 

foul  the  barrel  of  the  gun  in  a  less  degree  than  others,  and  also  to  be  less 

injurious  to  the  game  after  it  had  been  killed. 

MERCURY  is  a  brilliant  white  metal,  having  much  of  the  colour  of  silver,  whence 

the  terms  hydrargyrum,  argentum  vivum,  and  quicksilver.  It  has  been 

known  from  very  remote  ages.  It  is  liquid  at  all  common  temperatures  : 

solid  and  malleable  at  40° — F.,  and  contracts  considerably  at  the  moment  of 

congelation.  It  boils  and  becomes  vapour  at  about  670°.  Its  specific 

gravity  at  60°  is  13'5.  In  the  solid  state  its  density  exceeds  14.  The  specific 
gravity  of  mercurial  vapour  is  6'976.  (DuMAS,  Ann.  de  Ch.  et  Ph.  xxxiii. 
Bramde,  928.) 

MERCURY  is  used  in  the  fluid  state  for  a  variety  of  philosophical  instru- 

ments, and  for  pressure  gages  for  steam-engines,  &c.  It  is  sometimes, 

although  rarely,  employed  for  rendering  alloys  more  fusible ;  it  is  used  ̂ vitIl 

tin-foil  for  silvering  looking-glasses,  and  it  has  been  employed  as  a  substitute 
for  water  in  hardening  steel.  Mercury  forms  amalgams  with  bismuth, 

copper,  gold,  lead,  palladium,  silver,  tin,  and  zinc. 

MERCURY  is  commonly  used  for  the  extraction  of  gold  and  silver  from  their 

ores  by  amalgamation,  and  also  in  water  gilding.  See  GOLD. 

NICKEL  is  a  white  brilliant  metal,  which  acts  upon,  the  magnetic  needle,  au 

itself  capable  of  becoming  a  magnet.  Its  magnetism  is  more  feeble  than 

that  of  iron,  and  vanishes  at  a  heat  somewhat  below  redness,  630°,  (FARADAY.) 
It  is  ductile  and  malleable.  Its  specific  gravity  varies  from  8'27  to  8'40 

••vhcu  fused,  and  after  hammering,  from  8'69  to  9'00.  It  is  not  oxidized  by 
exposure  to  air  at  common  temperatures,  but  when  heated  in  the  air  it 
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acquire*  variouit  tinU  like  stool  ;  at  a  rod-beat  it  b«oomea  coated  by  a  grey 
oxide.  (Bramle,  80S.) 

NICKEL  is  scarcely  used  in  the  simple  state  ;  Mr.  Brando  mention*,  how- 
ever, that  ho  LM  seen  a  Bavarian  coin  that  had  been  struck  in  it  ;  but  it  in 

I'riiicipally  need  together  with  copper  and  zinc,  in  alloys  that  are  rendered 
the  harder  and  whiter  the  more  nickel  they  contain  ;  they  are  known  under 

the  namee  of  albata,  British  plate,  electrum,  German  silver,  pakfoiig, 

teutanag,  &c.  :  the  proportions  differ  much  according  to  price  ;  thus  the 

Commonest  are  8  to  4  parta  Nickel,  20  copper,  and  16  zinc. 

Beet      .      are  5  to  6  parts  Nickel,  20  copper,  and  8  to  10  one. 

About  two-thirds  of  this  metal  is  used  for  articles  resembling  plated 
goods,  and  some  of  which  are  also  plated,  tee  silver;  the  remainder  U 

employed  for  harness,  furniture,  drawing  and  mathematical  instruments, 

spectacles,  the  tongues  for  accordions,  and  numerous  other  small  works. 

The  white  copper  of  the  Chinese,  which  is  the  same  as  the  German  silver 

of  the  present  day,  is  composed,  according  to  the  analysis  of  Dr.  Fyfe,  of 

81-6  parts  of  nickel,  40-4  of  copper,  25-4  of  zinc,  and  2-6  of  iron, 
17-48  --  68-89  -  13-0  -  .  Prick's  Imitatite 

The  white  copper  manufactured  at  Sutil  in  the  duchy  of  Saxe  Hildburg- 

hausen,  is  said  by  Keferetein,  to  consist  of  copper  88-000,  nickel  8*753, 

sulphur  with  a  little  antimony  0*750,  silex,  clay,  and  iron,  1-76.  The  iron 
is  considered  to  be  accidentally  introduced  into  these  several  alloys,  along 

with  the  nickel,  and  a  minute  quantity  is  not  prejudicial. 

Iron  and  steel  have  been  alloyed  with  nickel  ;  the  former,  (the  same  as  the 

meteoric  iron  which  always  contains  nickel,)  is  little  disposed  to  rust  :  whereas 

the  alloy  of  steel  with  nickel,  is  worse  in  that  respect  than  steel  not  alloyed. 

PALLADIUM  is  of  a  dull-white  colour,  malleable  and  ductile.  Ite  specific  gravity 

is  about  11-3,  or  11-86  when  laminated.  It  fuses  at  a  temperature  above 
that  required  for  the  fusion  of  gold.  (Rrande,  998.) 

"  PALLADIUM  is  a  soft  metal,  but  its  alloys  are  all  harder  than  the  pure 
metal  With  silver  it  forms  a  very  tough  malleable  alloy,  fit  for  the  gra- 

duations of  mathematical  instruments,  and  for  dental  surgery,  for  which  it 

is  much  used  by  the  French  ;  with  silver  and  copper,  palladium  mokes  a 

very  springy  alloy,  used  for  the  point*  of  pencil-cases,  inoculating  lancets. 
tooth  -picks,  or  any  purpose  where  elasticity  and  the  property  of  not 
tarnishing  are  required;  thus  alloyed  it  takes  a  high  polish.  Pure  palladium 

is  not  fusible  at  ordinary  temperatures,  but  at  a  high  temperature  itaggluti 

nates  so  as  to  be  afterwards  malleable  and  ductile."  —  W.  (VJ-. 
This  useful  metal  was  discovered  by  Dr.  Wollaston  in  1803,  and  it  has 

recently  been  found  in  some  abundance  in  the  gold  ores  of  the  Minas  Gene* 

district;  the  process  now  employed  for  its  separation  was  discovered  by 

Mr.  P.  N.  Johnson.     Palladium  is  calculated  thoroughly  to  fulfil  many  of 

purposes  to  which  platinum  and  gold  are  applied  in  the  useful  art*,  and 
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from  its  low  specific  gravity,  it  may  be  obtained  at  about  half  the  price  of 

an  equal  bulk  of  platinum,  and  at  one-eighth  that  of  gold ;  and  it  equally 

resists  the  action  of  mineral  acids  and  sulphuretted  hydrogen. — London 
Journal  of  Science  for  1840. 

Palladium  was  used  in  the  construction  of  the  balances  for  the  United 

States'  mint.  See  also  Mallett's  palladiumizing  process,  page  302. 

PLATINUM  is  a  white  metal  extremely  difficult  of  fusion,  and  unaltered  by  the 

joint  action  of  heat  and  air.  It  varies  in  density  from  21  to  21 '5,  according 
to  the  degree  of  mechanical  compression  which  it  has  sustained;  it  is 

extremely  ductile,  but  cannot  be  beaten  into  such  thin  leaves  as  gold  and 

silver.  (Brande,  4th  Ed.  p.  822.) 

The  particles  of  the  generality  of  the  metals,  when  separated  from  the 

foreign  matters  with  which  they  are  combined,  are  j  oined  into  solid  masses 

by  simple  fusion ;  but  platinum  being  nearly  infusible  when  pure,  requires 

a  very  different  treatment,  which  was  introduced  by  Dr.  Wollaston,  and  is 

now  conducted  in  the  following  manner  by  Messrs.  Johnson  and  Cock,  of 

London,  the  celebrated  metallurgists. 

The  platinum  is  first  dissolved  chemically,  and  it  is  then  thrown  down 

in  the  state  of  a  precipitate  ;  next  it  is  partly  agglutinated  in  the  crucible 

into  a  spongy  mass,  and  is  then  compressed  whilst  cold  in  a  rectangular 

mould  by  means  of  a  powerful  fly-press  or  other  means,  which  in  operating 
upon  500  ounces,  converts  the  platinum  inco  a  dense  block  about  5  inches 

by  4,  and  2£  inches  thick.  This  block  is  heated  in  a  smith's  forge,  with  two 
tuyeres  meeting  at  an  angle,  at  which  spot  the  platinum  is  placed  amidst  the 

charcoal  fire;  when  it  has  reached  the  welding  point,  or  almost  a  blue  heat, 

it  receives  one  blow  under  a  heavy  drop,  or  a  vertical  hammer  somewhat  like 

a  pile-driving  engine ;  it  then  requires  to  be  reheated,  and  it  thus  receives  a 

fresh  blow  about  every  20  minutes,  and  in  a  week  or  ten  days,  it  is  suffi- 
ciently welded  or  consolidated  on  all  sides  to  admit  of  being  forged  into 

bars,  and  converted  into  sheets,  rods,  or  wires  by  the  ordinary  means. 

The  motive  for  operating  upon  so  great  a  quantity  is  for  making  the  large 

pans  for  concentrating  sulphuric  acid,  in  only  two  or  three  pieces,  which  are 

soldered  together  with  fine  gold.  In  France,  2,000  ounces  are  sometimes 

welded  into  one  mass,  so  that  the  vessels  may  be  absolutely  entire ;  a  practice 

which  is  considered  in  this  country  to  be  unnecessarily  costly.  For  small 

quantities  the  treatment  is  the  same,  but  in  place  of  the  drop,  the  ordinary 
flatter  and  sledge  hammer  are  used. 

PLATINUM  is  exceedingly  tough  and  tenacious,  and  "  hangs  to  the  file 

•worse  than  copper,"  on  which  account,  when  it  is  used  for  the  graduated 
limbs  of  mathematical  instruments,  the  divisions  should  be  cut  with  a 

diamond  point,  and  which  is  the  best  instrument  for  fine  graduations  of  all 

kinds,  and  for  ruling  grounds,  or  the  lined  surfaces  for  etching.  See  p.  180. 
PLATINUM  is  employed  in  Russia  for  coin.  This  valuable  metal  is  also 

used  for  the  touch-holes  of  fowling-pieces,  and  in  various  chemical  and 
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philosophic*!  apparatus,  in  which  resistance  to  fusion  or  to  the  acids  is 
asscntiil 

The  alloys  of  platinum  an  scarcely  used  in  the  arts ;  that  with  a  small 

quantity  of  copper  is  employed  in  Paris  for  dental  surgery.  For  alloys 

of  platinum  and  steel,  tee  Quarterly  Journal  of  the  Royal  Innt.  vol.  ix.  p.  328. 

The  alloy  of  equal  parts  of  steel  and  platinum  is  therein  highly  spoken  of 
as  a  mirror. 

"  Dr.  Von  Eckart's  alloy,  contains  platinum  2*40,  silver  3*53,  and  copper 
11-71.  It  is  highly  elastic,  of  the  same  specific  gravity  as  silver,  and  not 
subject  to  tarnish,  it  can  be  drawn  to  the  finest  wire  from  4  of  an  inch 

diameter  without  annealing,  and  does  not  lose  its  elasticity  by  annealing 

It  is  highly  sonorous,  and  bears  hammering  red-hot,  rolling  and  polishing." 
Mr.  Ross  added  to  silver,  one-fourth  of  its  weight  of  platinum,  and  he 

considers  that  it  took  up  one-tenth  its  weight.  The  alloy  became  much 

harder  than  silver,  capable  of  resisting  the  tarnishing  influences  of  sulphur 

and  hydrogen,  and  was  fit  for  graduations. 

An  alloy  of  platinum  with  ten  parts  of  arsenic  is  fusible  at  a  heat  a  little 

above  redness,  and  may  therefore  be  cast  in  moulds.  On  exposing  the  alloy 

to  a  gradually-increasing  temperature  in  open  vessels,  the  arsenic  is  oxidized 

and  expelled,  and  the  platinum  recovers  its  purity  and  infusibility. — Turner'* 
Cktmutry. 

Tin  also  so  greatly  increases  the  fusibility  of  platinum,  that  it  is  hazardous 

to  solder  the  latter  metal  with  tin-solder,  although  gold  is  so  used. 

Platinum,  as  well  as  gold,  silver  and  copper,  ore  deposited  by  the  electro- 

type process ;  and  silver  plates  thus  platinized  are  employed  in  Smee's 
Galvanic  Battery. 

RHODIUM  is  a  white  metal  very  difficult  of  fusion  :  its  specific  gravity  is  about 

11 :  it  is  extremely  hard.  When  pure  the  acids  do  not  dissolve  it  (Brandt, 
1001.) 

Rhodium  was  discovered  in  1803  by  Dr.  Wollaston,  and  has  been  long 

employed  for  the  nibs  of  pens,  which  have  been  also  made  of  ruby,  mounted  on 

shafts  of  spring  gold ;  these  kinds  have  had  to  endure  for  the  last  7  or  8  yean 

the  rivalry  of  "  Hawkins's  everlasting  Pen,"  of  which  latter,  the  author  from 

many  months'  constant  use  can  speak  most  favourably.  "  The  everlasting 

pan,"  says  the  inventor, "  is  made  of  gold  tipped  with  a  natural  alloy,  which 
is  as  much  harder  than  rhodium  as  steel  is  harder  than  lead  ;  will  endure 

longer  than  the  ruby  ;  yields  ink  as  freely  as  the  quill,  is  as  easily  wiped,  and 

if  left  unwiped  is  HOT  CORRODED."  See  also  Mec.  Mag.,  1840,  p.  554. 
Mr.  Hawkins  employs  the  natural  alloy  of  indium  and  osmium,  two  scarce 

metals  discovered  by  Tennant  amongst  the  grains  of  platinum ;  the  alloy  is 

not  malleable,  and  is  so  hard  as  to  require  to  be  worked  with  diamond  powder. 

The  metals  rhodium,  indium,  and  osmium,  are  not  otherwise  employed  in 

the  arts  than  for  pens ;  although  *t*el  has  been  alloyed  with  rhodium.  See 

also  the  Quarterly  Journal  Rovol  Iu.-t  .  ml.  ix. 



SILVER.      MODES    OF   PLATING   WITH    SILVEK. 

SILVER  is  of  a  more  pure  white  than  any  other  metal;  it  has  considerable  bril- 

liancy, and  takes  a  high  polish.  Its  specific  gravity  varies  between  10-4. 

which  is  the  density  of  cast  silver,  and  10*5  to  10'6,  which  is  the  density  of 
rolled  or  stamped  silver.  It  is  so  malleable  and  ductile,  that  it  may  be 

extended  into  leaves  not  exceeding  a  ten-thousandth  of  an  inch  in  thickness, 
and  drawn  into  wire  much  finer  than  a  human  hair.  Silver  melts  at  a 

bright-red  heat,  estimated  by  Mr.  Daniell  at  1873°  of  Fahrenheit's  scale, 
and  when  in  fusion  appears  extremely  brilliant.  (Brande,  953.) 

SILVER  is  but  little  used  in  the  pure  unalloyed  state  on  account  of  its 

extreme  softness,  but  it  is  generally  alloyed  with  copper  in  about  the  same 

proportion  as  in  our  coin,  and  none  of  inferior  value  can  receive  the  "  Hall 

mark."  Diamonds  are  set  in  fine  silver,  and  in  silver  containing  3  to  12  grs. 
of  copper  in  the  ounce,  the  work  is  soldered  with  pure  tin. 

The  sheet  metal  for  plated  works  is  prepared  by  fitting  together  very 

truly,  a  short  stout  bar  of  copper,  and  a  thinner  plate  of  silver;  when 

scraped  perfectly  clean  they  are  tied  strongly  together  with  binding  wire, 

and  united  by  partial  fusion  without  the  aid  of  solder.  The  plated  metal  is 

then  rolled  out,  and  the  silver  always  remains  perfectly  united  and  of  the 

same  proportional  thickness  as  at  first.  Additional  silver  may  be  burnished 

on  hot,  when  the  surfaces  are  scraped  clean  as  explained  under  gold  :  this 

is  done  either  to  repair  a  defect,  or  to  make  any  part  thicker  for  engraving 

upon,  and  the  uniformity  of  surface  is  restored  with  the  hammer.  In  addi- 
tion to  its  use  for  articles  of  luxury,  the  important  service  of  copper  plated 

with  silver  for  the  parabolic  reflectors  of  lighthouses  must  not  be  overlooked; 

these  are  worked  to  the  curve  with  great  perfection  by  the  hammer  alone. 

Plated  spoons,  forks,  harness,  and  many  other  articles,  are  made  of  iron, 

copper,  brass,  and  German  silver  either  cast  or  stamped  into  shape ;  the 

objects  are  then  filed  and  scraped  perfectly  clean ;  and  fine  silver  often  little 

thicker  than  paper  is  attached  with  the  aid  of  tin  solder  and  heat :  the  silver 

is  rubbed  close  upon  every  part  with  the  burnisher. 

The  electrotype  process  is  also  used  under  Elkington  and  Co.'s  patent  for 
plating  several  of  the  metals  with  silver,  which  it  does  in  the  most  uniform 

and  perfect  manner;  the  silver  added  is  charged  by  weight  at  about  three 

times  the  price  of  the  metal ;  the  German  silver  or  albata  is  generally 

used  for  the  interior  substance,  as  when  the  silver  is  partially  worn  through, 

the  white  alloy  is  not  so  readily  detected  as  iron  or  copper. 

SILVER  ALLOYS. 

Mr.  Brande  says,  "  The  alloy  with  copper  constitutes  plate  and  coin ;  by 
the  addition  of  a  small  proportion  of  copper  to  silver,  the  metal  is  rendered 

harder  and  more  sonorous,  while  its  colour  is  scarcely  impaired.  Even  with 

equal  weights  of  the  two  metals,  the  compound  is  white :  the  maximum  of 

hardness  ia  obtained  when  the  copper  amounts  to  one-fifth  of  the  silver. 

The  standard  silver  of  this  country  consists  of  11^  pure  silver  and  £g 

copper,  or  ll'lO  silver  and  0'90  copper.  A  pound  troy,  therefore,  is  com- 
posed of  11  oz.  2  dwt.  pure  silver,  and  IS  dwt.  of  copper.  Its  density  K 
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10-8;  its  calculated  density  is  10-5 ;  *o  that  the  metal*  dilate  a  little  on 

combining.  The  Fr«^  stiver  coin  i*  constituted  of  9  silver  and  1  ropper." 
(BnuMk,  968.>— The  French  Mtto»  coin,  is  1  silver  and  4  copper.  (KtUy.) 

"  For  tilver  ptate,  the  French  proportion*  are,  9|  parto  ailvcr,  }  copper j 

and  for  trinket*,  8  parts  silver,  2  copper." 
Silver  solders  are  made  in  the  following  proportion* : — 

Hardest  direr  Bolder,  4  parto  fine  silver,  and  1  part  copper ;  this  i*  difficult 

to  fuse,  bat  i*  occasionally  employed  for  figures. 

Hard  silver  solder,  8  parts  sterling  silver,  and  1  part  brass  wire,  which  in 

added  when  the  silver  is  melted,  to  avoid  wasting  the  zinc. 

Soft  silver  solder  for  general  use,  2  parts  fine  silver,  and  1  part  brass  wire. 

By  some  few,  |  part  of  arsenic  is  added,  to  render  the  solder  more  fusible 

and  white,  but  it  becomes  less  malleable;  the  arsenic  must  be  introduced 

at  the  last  moment,  with  care  to  avoid  its  fumes. 

>•  is  also  soldered  with  tin  solder,  (2  tin,  1  lead,)  and  with  pure  tin. 
Sil\  or  and  mercury  are  used  in  the  plastic  metallic  stopping  for  teeth,  see 

Appendix  to  Vol.  II.  Note  V.  page  970. 

TIN  has  a  silvery  white  colour  with  a  slight  tint  of  yellow  ;  it  in  malleable,  though 

sparingly  ductile.  Common  tin-foil,  which  is  obtained  by  beating  out  the 
metal,  is  not  more  than  1-1 000th  of  an  inch  in  thickness,  and  what  is  termed 

wkiu  Dutch  metal  is  in  much  thinner  leaves.  Its  specific  gravity  fluctuates 

from  7.28  to  7*6,  the  lightest  being  the  purest  metal.  When  bent  it  occa- 
sions a  peculiar  crackling  noise,  arising  from  the  destruction  of  cohesion 

amongst  its  particles. 

When  a  bar  of  tin  is  rapidly  bent  backwards  and  forwards,  several  times 

successively,  it  becomes  so  hot  that  it  cannot  be  held  in  the  hand  \Vh,  u 

rubbed  it  exhales  a  peculiar  odour.  It  melts  at  442°,  and,  by  exposure  to 
heat  and  air,  is  gradually  converted  into  a  protoxide.  (Brandt,  7  \ 

Pure  tin  is  commonly  used  for  dyer's  kettles;  it  is  also  sometimes 
employed  for  the  bearings  of  locomotive  carriages  and  other  machinery. 

Tiii*  metal  is  beaten  into  very  large  sheets,  some  of  which  measure  200 

by  1 00  inches,  and  are  of  about  the  thickness  of  on  ordinary  card ;  the  small 
sized  foil  it  stated  not  to  exceed  one-thousandth  of  an  inch  in  thickness. 

The  metal  is  first  laminated  between  rollers,  and  then  spread  one  sheet  at  a 

ktime  upon  a  huge  iron  surface  or  anvi
l,  by  the  direct  blows  of  hammers 

with  very  long  handles ;  great  skill  is  required  to  avoid  beating  the  sheets 

into  holes.  The  large  shout*  of  tin-foil  are  only  used  for  silvering  looking 

glsssns  by  amalgamation  with  mercury,  See  Mr.  Farrow's  apparatus,  Trans. 
Soc.  of  Art*,,  vol.  49,  p.  146.  Tin-foil  is  also  used  for  electrical  purposes. 

The  ftTT»»'g"»  used  for  electrical  machines,  U  7  tin,  S  zinc,  and  2  mercury. 

Tin  U  drawn  into  wire,  which  is  soft  and  capable  of  being  bent  and  unbent 

many  times  without  breaking ;  it  is  moderately  tenacious  and  completely 

.  L-tie.  Tin  tube  is  extensively  used  for  ga«  fittings  and  many  other  pur- 

poses ;  it  has  been  recently  introduced  in  an  ingenious  manner  for  the 



284:  TIN    PLATE.       KINDS    OF    PEWTER. 

TIN — continued. 

formation  of  very  cheap  vessels,  for  containing  artists'  and  common  colours, 
besides  numerous  other  solid  substances  and  fluids,  required  to  be  hermeti- 

cally sealed,  with  the  power  of  abstracting  small  quantities.  Rand's  Patents. 
Tin  plate  is  an  abbreviation  of  tinned  iron  plate;  the  plates  of  charcoal 

iron  are  scoured  bright,  pickled,  and  immersed  in  a  bath  of  melted  tin 

covered  with  oil,  or  with  a  mixture  of  oil  and  common  resin ;  they  come  out 

thoroughly  coated.  Tinned  iron  wire  is  similarly  prepared ;  there  are 
several  niceties  in  the  manipulation  of  each  of  these  processes  which  cannot 

be  noticed  in  this  place. 

Tin  is  one  of  the  most  cleanly  and  sanatory  of  metals,  and  is  largely 

consumed  as  a  coating  for  culinary  vessels,  although  the  quantity  taken  up 

in  the  tinning  is  exceedingly  small,  and  which  was  noticed  by  Pliny. 

Tin  imparts  hardness,  whiteness,  and  fusibility  to  many  alloys,  and  is  the 

basis  of  different  solders,  pewters,  Britannia  metal,  and  other  important 

alloys,  all  of  which  have  a  low  power  of  conducting  heat, 

PEWTER  is  principally  tin ;  mostly  lead  is  the  only  addition,  at  other  times 

copper,  but  antimony,  zinc,  &c.,  are  used  with  the  above,  as  will  be  separately 

adverted  to.  The  exact  proportions  are  unknown  even  to  those  engaged  in 

the  manufacture  of  pewter,  as  it  is  found  to  be  the  better  mixed  when  it  con- 

tains a  considerable  portion  of  old  metal  to  which  new  metal  is  added  by  trial. 

In  order  to  regulate  the  quality  of  pewter  wares,  the  Pewterers'  Company 
published  in  1772  "A  Table  of  the  Assays  of  Metal,  and  of  the  Weights  and 

Dimensions  of  the  several  sorts  of  Pewter  Wares,"  and  they  threatened  with 
expulsion  from  their  guild,  any  who  departed  from  the  regulations  given  in 

this  now  scarce  and  disregarded  pamphlet. 

The  assay  is  made  by  casting  a  small  button  of  the  metal  to  be  tried  in  a 

brass  mould,  which  is  so  proportioned  that  the  button  if  pure  tin  weighs 

exactly  182  grains ;  all  the  metals  added  to  the  tin  being  heavier  than  the 

latter,  the  buttons  or  assays  are  the  heavier  the  less  tin  they  contain,  and 

at  page  14  of  the  pamphlet  the  following  scale  is  given  : — 
Assay  of  pure  tin   182     grains. 

Ditto  of  fine  or  plate  metal  H  grams  heavier  than  tin  or    .         .     .     183£        „ 

Ditto  of  trifling  metal  3J  —  -    ...     185J         „ 

Ditto  of  ley  metal  16i  —  -    ...     198J        „ 
and  it  may  be  added  although  an  unauthorised  addition,  that  equal  parts  of 

tin  and  lead  are  about  fifty  grains  heavier  than  tin  or  232  grains. 

Some  pewters  are  now  made  nearly  as  common  as  the  last  proportion ; 

when  cast  they  are  black,  shining  and  soft ;  when  turned,  dull  and  bluish. 

Other  pewters  only  contain  J  or  £  of  lead  ;  these  when  cast  are  white,  with- 
out gloss  and  hard  ;  such  are  pronounced  very  good  metal,  and  are  but  li ttle 

darker  than  tin.  The  French  legislature  sanctions  the  employment  of  18  per 

cent,  of  lead  with  82  of  tin  as  quite  harmless  in  vessels  for  wine  and  vinegar. 

The  finest  pewter,  frequently  called  "  tin  and  temper,' '  consists  mostly  of  tin, 
with  a  very  little  copper,  which  makes  it  hard  and  somewhat  sonorous, but  the 

pewter  becomes  brown-coloured  when  the  copper  is  in  excess.  The  copper 
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\»  melted,  and  twice  iU  weight  of  tin  u  Added  to  it,  and  from  about  )  to  7  Ib. 

of  thin  alloy  or  the  "  temper,"  are  added  to  every  block  of  tin  weighing  from 
MO  to  390  Ib. 

Antimony  ia  laid  to  harden  tin  and  to  preserve  a  more  silvery  colour,  but 

is  little  used  in  pewter.  Zinc  in  employed  to  cleanse  the  metal  rather  than 

as  an  ingredient  ;  some  stir  tho  fluid  pewter  with  a  thin  strip,  half  zinc  and 

half  tin  ;  others  allow  a  small  lump  of  zinc  to  float  on  the  surface  of  the 

fluid  metal  whilst  they  are  casting,  to  lessen  the  oxidation. 

Britannia  metal,  or  white  metal,  is  said  to  consist  of  3J  cwt.  of  block  tin, 

28  Ib.  antimony,  8  Ib.  copper,  and  8  Ib.  brass  ;  it  is  cast  into  ingots  and 

rolled  into  very  thin  sheets.  This  manufacture  was  introduced  in  about  the 

year  1770,  by  Jessop  and  Hancock.  —  (Lardner't  Cyclopedia.  See  page  311.) 
Tin  solders  are  very  much  used  in  the  arts,  and  according  to  Dr.  Turner 

1  tin  3  load,  the  coarse  plumber's  solder,  melts  at  about  500  F. 
2  —  1    —    the  ordinary  or  fine  tin  solder      -  360  F. 

See  also  Bismuth,  and  the  chapter  on  soldering. 

ZINC  is  a  bluish-white  metal,  with  considerable  lustre,  rather  hard,  of  a  specific 

gravity  of  about  6*8  in  its  usual  state,  but,  when  drawn  into  wire,  or  rolled 

into  plates,  its  density  is  augmented  to  7  or  7'2.  In  its  ordinary  state  at 
common  temperatures,  it  is  tough,  and  with  difficulty  broken  by  blows  of 

the  hammer.  It  becomes  very  brittle  when  its  temperature  approaches  that 

of  fusion,  which  is  about  773°;  but  at  a  temperature  a  little  above  212', 

and  between  that  and  300°,  it  becomes  ductile  and  malleable,  and  may  be 
rolled  into  thin  leaves,  and  drawn  into  moderately  fine  wire,  which,  how- 

ever, possesses  but  little  tenacity.  When  a  mass  of  zinc,  which  has  been 

rosed,  is  slowly  cooled,  its  fracture  exhibits  a  lamellar  and  prismatic 

crystalline  texture.  (Brandt,  770.) 

Zixc,  which  is  commercially  known  as  "  Spelter,"  although  it  is  always 
brittle  when  cast,  has  of  late  years  taken  its  place  amongst  the  malleable 

metals  ;  the  early  stages  of  its  manufacture  into  sheet,  foil  and  wire  are 

stated  to  be  conducted  at  a  temperature  somewhat  above  that  of  boiling 

water  ;  and  it  may  be  afterwards  bent  and  hammered  cold,  but  it  returns  to 

its  original  crystalline  texture  when  rcmelted.  It  has  been  applied  to  many 

of  the  purposes  of  iron,  tinned-iron,  and  copper;  it  is  less  subject  to 
oxidation  from  the  effects  of  the  atmosphere  than  the  iron,  and  much 

cheaper,  although  less  tenacious,  ductile,  or  durable  than  the  copper.  The 
sheet  metals  when  bent  lengthways  of  the  sheet,  (or  like  a  roll  of  cloth,) 

are  lea*  disposed  to  crack  than  if  bent  sideways,  in  this  respect  zinc  and 

•beet  iron  are  the  worst  :  the  risk  is  lessened  when  they  are  warmed. 

The  pipes  of  the  great  organ  in  the  Town  Hall,  Birmingham,  and  of  York 

Cathedral,  are  made  principally  of  sheet  tine, 

Zinc  U  applied  as  a  coating  to  preserve  iron  from  rust.  See  the  accounts 

of  Mallett's  patent  zincing  process,  page  801,  and  those  of  Craufurd's  gal- 

vanised iron,  and  of  Morewood'a  galvanised  tinned-iron  ;  tee  Notes  X  and  Y. 
page  971-2,  Appendix  to  Vol.  II. 
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ZIXC — continued. 

Zinc  mixed  with,  one-twentieth  its  weight  of  speculum  metal,  may  be 
melted  in  an  iron  ladle,  and  made  to  serve  for  some  of  the  purposes  of  brass 

such  as  common  chucks.  The  alloy  is  sufficient  to  modify  the  crystalline 

character,  but  reserves  the  toughness  of  the  zinc ;  it  will  not  however  bear 

hammering  either  hot  or  cold.  A.  Ross. — Four  atoms  of  zinc  and  one  of 

tin,  or  133-2  and  57-9,  make  a  hard,  malleable,  and  less  crystalline  alloy. 
Biddery  ware,  manufactured  at  Biddery,  a  large  city,  60  miles  N.  W.  of 

Hyderabad  in  the  East  Indies,  and  also  at  Benares,  is  said  by  Dr.  Heyne 

to  consist  of  copper  16  oz.,  lead  4  oz.,  and  tin  2  oz.,  melted  together;  and  to 

every  3  oz.  of  this  alloy,  16  oz.  of  spelter  or  zinc  are  added.  The  metal  is 

used  as  an  inferior  substitute  for  silver,  and  resembles  some  sorts  of  pewter. 

The  foregoing  alloys  are  mostly  derived  from  actual  practice,  and  although 

it  has  been  abundantly  shown  that  alloys  are  most  perfect,  when  mixed 

according  to  atomic  proportions,  or  by  multiples  of  their  chemical  equivalents, 

yet  this  excellent  method  is  little  adopted,  owing  to  various  interferences. 

For  example,  it  is  in  most  cases  necessary  from  an  economic  view,  to  mix 

some  of  the  old  alloys,  (the  proportions  of  which  are  uncertain,)  along  with 
the  new  metals.  In  most  cases  also  unless  the  fusion  and  refusion  of  the 

alloys  are  conducted  with  considerably  more  care  than  ordinary  practice  ever 

attains,  or  really  demands,  the  loss  by  oxidation  completely  invalidates  any 

nice  attempts  at  proportion ;  and  which  proportions  can  be  alone  exactly 

arrived  at,  when  the  combined  metals  are  nearly  or  quite  pure. 

For  the  convenience  however  of  those  who  may  desire  to  pursue  the 

scientific  course,  the  chemical  equivalents  of  the  metals  upon  the  hydrogen 

scale  now  most  usually  adopted,  are  appended  to  the  list  of  metals,  p.  290. 

Thus,  for  mixtures  of  any  metals,  say  tin  and  zinc  ;  instead  of  taking 

arbitrary  quantities,  one  atom  of  tin,  or  57'9  parts  by  weight,  should  be 

combined  with  1,  2,  3,  4,  or  5  atoms  of  zinc,  or  any  multiple  of  32 -3  parts, 
and  so  with  all  other  metals.  See  Speculum  Metal,  page  270 ;  Zincing 

Process,  page  301 ;  Article  BRASS,  Suppt.  Ency.  Brit.,  &c. 

REMARKS  ox  TEEDOOLD'S  TABLES  OP  COHESION. 

The  following  tables  arc  a  part  of  those  upon  the  strength  of  materials,  collected  by  Tredgold  ; 
they  arc  transcribed  literatim  from  Vol.  50  of  the  Philosophical  Magazine,  p.  421—3.  (1817.) 

They  will  be  found  of  considerable  service  in  all  inquiries  which  regard  the  employment  of  the 
metals  and  alloys  in  sustaining  loads.  The  first  column  of  figures  denotes  the  comparative 
strength  of  the  metals,  glass  being  considered  as  unity ;  thus  steel  of  razor  temper  is  nearly  16 
times  as  strong  as  glass  of  equal  size  ;  and  by  the  second  column,  it  is  seen  that  a  bar  of  steel  one 
inch  square  is  pulled  asunder  by  a  load  of  150,000  Ib. 

It  has  been  considered  unnecessary  for  this  place  to  extend  the  tables  by  any  of  the  subsequent 
labour*  of  Telford,  Rennie,  Barlow,  Brown,  Bramah,  and  others ;  but  the  reader  interested  in  thp 
earlier  inquiries  into  the  strength  of  materials,  will  find  them  enumerated  in  the  introduction  to 

Ronnie's  experiments,  Trans.  Roy.  Society,  1818,  and  Phil.  Mag.  Vol.  53,  pasre  161. 
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TAIlI.ls   MI-    Till     <  olIKSIVE   FORCE  OP  SOLID   BOP 

T»«L«  I.— Mrr*tv 

(A)  and  (/)  mark  the  highc»t  and  lowest  ic»ull  which  Muschenbroelt  obtained  from 
etch  kind  of  iron. 

METALS. 

|ji
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e 
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ua
re
  

In
ch
 

in
  

Ib
s.
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r 

if 
«  o 

I 
AUTIIORM  V. 

Sim,. t 

   1 

Razor  temper 15-927 130,000 7-7H  to 
| MusehenbroeTc,    Encyclo.   Brit. 

Soft           . 12-739 MMM 
7-84 

II Idem.                        art.  Strength. 

I  ROW. 

. 12-004 
113.077 

Sickingen,  Ann.  de  Chirnie,  xxv.  9. 
German  bar,  mark  BR  (A) 

9*880 
93,008 

Muschenb.  Int.  ad  Phil  Nat.  i.  4-26. 
Swedish  bar  (A)        .     . 

9-445 
tt.971 

Idem. 

German  bar,  mark  L  (A) 
9-119 

86,000 
Idem. 

Wire 9-108 
85,797 Buflfon,fEuvTCideGauihey,  it  153. 

Bar        . 
8-9«4 

8-1,443 Kmcrson,  Mechanics,  115. 

Liege  bar  (A) 

K-794 

S2,:u;i 
Muschenb.  Int.  ad  Phil.  Nat.  i.  426. 

Spanish  bar     .         .     . 
8-C85 

81,901 
Idem. 

Bar    .         . 
8-581 

80,833 « 

+- 

Soufflot  Rondclct's  I.'  Art  de  BAtir, iv.  500. 

Bar       . 
8-492 

80,000 

*"" 

i ~ Ivlin.  Kncyclo.  art.  Bridge,  544. 
Ooeemeut  bar  (A) 

8-142 

76,697 
" 

Muschenb.  Intr.  ad  Phil.  Nat.  i.426. 
Cable     .... 

7-752 
73,024 

H Annals  of  Phil.  vii.  320. 

German  bar,  mark  L  (/) 
7-382 

69,538 Muschcnb.Intr.  ad  Phil.  Nat.  i.426. 
German  bar,  common    . 

7-339 
69,133 

s • Idem. 

Swedish  bar      )  f/) 
Ooscment  bar  )  ̂  ' 

7-296 
68,728 

Idem. 

Bar  of  best  quality 
7-006 

66,000 Rumford,  Phil.  Mag.  x.  51. 

Liege  bar  (/)            .     . 6.621 32,961 Mushenb.Iutr.ad  Phil.  Xat.i.  426. 

German  bar,mark  BR(/) 
6-514 

61,361 Idem. 

Bar* MM i)l,iu  l Pcrronet,CEuv.  deGauthcy,ii.  154. 
Bar  of  good  quality 

5-839 .-).-,  .LI  in 
Rumford,  Phil.  Mag.  x.  51. 

Cable     .... 
5-787 

54,513 Annals  of  Phil.  x.  311. 

Bar,  fine-grained 

5-306 

4!  ',  '.IS  2 Rondclct,  L'  Art  de  BAtir,  IT.  502. 
   medium  fineness  . 

3-618 

34,081 
Idem. 

   coarse-grained 
2-172 

20,460 
Idem. 

CAST  IKON. 

French  ...     4 
7-470 

70rH67 Navier,  O2uv.  de  Gsuthcy,  ii.  150. 
German 

7-250 

•i::,2''."i 

7-807 
Muschenb.  Intr.  ad  Phil.  Nat.  i.  4  1  7. 

:,  SOft        .              .       .J 
6-754 

i;:i.iV.'-j 
Rondelct,  L'Art  de  B&tir,  iv.  514. 

English       .         .         .* 

5-520 
.VJ.MOO 

Bank*,  Gregory's  Mcchan.,  i.  I-'-'. 
French  . 

5-412 
50.981 L'  Ecoledes  Ponts,  Ac.  (Taut.  ii.  1  50. 4 

4-540 
Gail  they,  CEuvres,  i: 

English,  soft    .          .     .'. 

4-334 

WJBU j 
Banks,  Greg.  Mcch.  i.  128.  Ex.iiL 

f  Klrwan.  Elem.  Miner.  II.  155. 

*  This  Is  the  mean  result  of  thirty-three  experiments. 
;  Calculated  from  experiments  on  the  transverse  strength,  by  art*.  14  and  15. 

5  Yielded  to  the  fiU  without  difficulty . 
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TABLES   OF   THE   COHESIVE   FORCE   OF   SOLID   BODIES. 

TABLE  I. — continued. 

METALS. 
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|
 AUTHORITY. 

CAST  IRON. 

French  gray          .          .$ 
4-000 

37,680 Rondelet,  L'Artde  Bfttir,  iv.  514. 
G  ra  v,  of  Cruzot,  2d  fusion  J 

3-257 

30,680 Ramus,  Gauthey,  ii.  150. 
Gray,  of  Cruzot,l8t  fusion^ 

3-202 

30,162 Ramus,  Gautliey,  ib.§ 

COPPER. 
Wire      .          .          .      . 

6-606 

61,228 Sickingen,  Ann.  de  Chimie,  xxv.  9. 
Cast,  Barbary 

2-396 

22,570 

8-182 

8+ 
Muschenb.Intr.ad  Phil.  Nat.  i.  417. 

   Japan 

2-152 

20,272 

8-726 

0  I 

Idem. 

PLATINUM. 
Wire 

5-995 
56,473 

20-847 

SI) 

Morveau,  Ann.  de  Chimie,  xxv.  8. 
Wire      .         ... 

5-625 

52,987 

oil 

Sickingen.  Ann.  de  Chim.  xxv.  9. 

SllVKR. 

Wire 

4-090 

38,257 

71! 

Sickingen,  Ann.  de  Chim.  xxv.  9. 
Cast       .... 

4-342 

40,902 
11-091 

'  !i 

Muschenb.Intr.ad  Phil.  Nat.  i.41  7. 

GOLD. 
Wire 

3-2/9 

30,888 

(H- 

Sickingen,  Ann.  de  Chim.  xxv.  9. 
Cast        .... 

2-171 

20,450 
19-238 

o  I 

Muschenb.  Intr.ad  Phil.  Nat.  i.  4  1  7. 

TIN. 
Wire 

0-7568 

7,129 
Morveau,  Ann.  de  Chim.  Ixxi.  194. 

Cast,  English  block 

0-706 

6,650 

Muschenb.  Intr.adPhil.  Nat.  i.  417. 
   idem      .         .     . 

0-565 

5,322 

7-295 

6t 

Idem. 

   Banca 
0-3906 

3,679 

7-2165 

Idem. 
—  -   Malacca 

0-342 

3,211 

6-1256 
Idem. 

BISMUTH. 
Cast  .... 

0-345 

3,250 

9-810T 

7II 
Muschenb.  Intr.ad  Phil.  Nat.  i.41  7. 

        . 
0-3193 

3,008 

9-926J 
*  II 

Idem,  i.  454. 

ZINC. 
\Vire 2-394 

22,551 
Morvean,  Ann  de  Chim.  Ixxi.  194. 

Patent  sheet  .         .     . 

Cast,  Goslar,  from 

1-762 
0-3118 16,616 

2,937 

fit 

By  my  trial. to         .     . 
0-2855 

2,689 7.215 Muschenb.  Intr.  ad  Phil.  Nat.  i.4  1  7. 
LEAD. 

Milled 
0-3533 

3,328 

11-407) 

By  my  trial. Wire      .... 

0-334 

3,146 

11-348 Muschenb.  Intr.  ad  Phil.  Nat.  i.  452. 
Wire  .... 

0-274 

2,581 
1  1-28'2 

>!l 

Idem. 

Wire       .... 
0-2704 

2,547 Morveau,  Ann.  de  Chim.  Ixxi.  194. 
Cast,  English 

0-094 

885 

11-479J 

Muschenb.Intr.  ad  Phil.Nat.i.452. 

Antimony,  cast 

0-1126 

1,060 

4-500 

if 

Muschenb.  Intr.  ad  Phil.  Nat.  i.417. 

j  In  the  operation  of  casting,  the  surface  of  the  iron  always  becomes  much  harder,  and  is 
more  tenacious  than  the  internal  parts :  hence  the  strength  of  a  small  specimen  is  always  greater 
than  that  of  a  large  one.  Those  of  M.  Ramus,  however,  are  unexceptionable  in  this  respect,  ns 
the  area  of  the  section  at  the  place  of  fracture  was  above  nine  square  inches. 

If.B.  When  the  specific  gravity  is  not  referred  to  a  separate  authority ,  it  is  to  be  considered 
tint  of  the  specimen  of  which  the  cohesive  force  is  given. 

t  Kir«;tn'n  Minor.   vol.il. Thomson's  Chemistry,  vol.  i. 
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TABLES   OF  THE  COHESIVE   FORCE   OF  SOLID  BOD1K.S. 

T»Bt*  II.— ALLOYI. 

ALLO y  OF 

ill 
II! 

I] 

to  O 

AUTHOR1TV. 

Parts. Parts. 

Gold  .         .     2 Silver 

2-972 

28,000 Musch.  Encyclop.  Brit.  art. 
.     .     * Copper 

5-307 
-(ii.iKiii 

Idem.                 [Strength. 
Silver          .     5 Copper 

5-148 

is  .."iiiii 

Idem. 

S.l»,r       .      .     4 Tin.     .     . 

4-352 

41,000 
Idem. 

Brats. . 
4-870 

45,882 Muschcub.,  Colson,  i.  242. 

Copper   .     .  10 Tin  . 
3-407 

32,093 Musch.  Intr.  ad  Phil.  Nat. 

Copper        .    8 Tin.     .     . 

3-831 

14088 
Idem.                      [i.  428. 

Copper  .    .     6 Tin  . 

4-687 

44,071 
Idem. 

Copper         .     4 Tin  .     .     . 

3-794 

35,739 
Idem. 

r    .      .      2 Tin   . 
0-108 

1,017 
Idem. 

1 Tin  .     .     . 

0-077 

725 
Idem. 

Tin,  Engliih,  10 Lead 

0-733 

6,904 
Mutch.  Intr.  ad  Phil.  Nat 

Tin,       —         8 Lead     .     . 

0-841 

7,922 
Idem.                       [i.  438. 

T.M,       —         6 Lead 

0-849 

7,997 

Idem. 

Tin,       —         4 Lead     .     . 
1-1J6 

10,607 Idem. 

Tin,       —          2 
Lead 

0-793 

7,470 

Idem. 

—          1 Lead     .     . 

0-751 

7,074 

Idem. 

Manca,    10 Antimony. 

1-187 

11,181 

7-359 
Musch.  Intr.  ad  Phil.  Nat. 

—        8 Antimony  . 

1-049 

9,881 

7-276 
Idem.                      [i.  442. 

Tin,      —         6 Antimony  . 

1-341 

12,632 

7-228 
Idem. 

Tin,      —         4 Antimony  . 

1-431 

13,480 

7-192 
Idem. 

Tin,      —         2 Antimony  . 
1-277 

12,029 

7-105 Idem. 

Tin,      —         1 Antimony  . 

0-338 

3,184 

7-060 
Idem. 

Tin,      _       10 Bitmuth     . 

1-347 

12,688 

7-576 
Mutch.  Intr.  ad  Phil.  Nat. 

Tin,      _         4 Bitmuth     . 
1-772 

16,692 

7-613 
Idem.                       [i.443. 

Tin,      —         2 Bitmuth    . 
1-488 

14,017 

8-076 
Idem. 

Tin,      —         1 Bismuth     . 

1-276 

12,020 

8-146 
Idem. 

Tin,       _          1 Bitmuth    . 
1-063 

10,013 

8-58 Idem. 

Tin,      —          1 Bismuth     . 0836 

7,875 

9-009 Idem. 

Tin,      —          1 Bitmuth     .  1 
0-411 

3,871 

9-439 
Idem. 

Tin,      —       10 Zinc,  Indian, 

1-371 

12,914 

7-288 

Mu«ch.  Intr.  ad  Phil.  Nat. 

Tin,      —         2 Zinc. 
1-595 

l.l.ii'J.'i 

7-000 

Idem.                       [  i.  444. 
Tin,      —         1 Zinc       .     .      1 HM 

15,844 

7-321 

Idem. 

Tin,      —         1 Zinc  .          .     2 
1-701 7-100 

Idem. 

Tin,      —         1 Zinc      .     .  10 
0-602 

5,671 

7-130 
Idem. 

Tin,  Englith,    1 Zinc,  Goslar,  1 

0-958 

9,024 

Musrh.  Intr.  ad  Phil.  Nat. 

Tin,       —         2 Zinc      .     .     1 
1-164 

1  ",'.»<•-  1 

Idem.                     [i.  446. 

T.n,      —         4 Zinc.          .      1 

1-089 

I'1.  •_'"•!! 

Idem. 

Tin,      —         8 Zinc     .     .     1 
1-126 

lOyBtl 
Idem. 

Tin,       —          1 Antimony  .     1 

0-154 

1,450 

7-000 
Match.  Intr.  ad  Phil.  Nat. 

Tin,      —         3 Antimony  .    2 

0-338 

3,1*1 
Idem.                     [1.448. 

Tin,      —         4 Antimony  .     1 

1  2"-' 

11,323 
Idem. 

Lead,  Scotch,    1 Biitnoth     .     1 
0-777 

10-931 Mutch.  Intr.  ad  Phil.  Nat. 

Lead,     —        2 Bitmuth     .     1 
0-620 

5,840 

11-090 
Idem.                     [i.  454. 

—      10 Bismuth    .     1 

0-300 

2.S2G 10-827 
Idem. 

VOL.    I. 
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TABULAR  VIEW 
OF    SOME    OF    THE    PROPERTIES    OF    METALS, 

(Extracted  principally  from  Brande's  Manual  of  Chemistry,  1841.) 
CHKMICAL 

SPECIFIC 

KQUIVA- 

FUSIBILITY.* CRAvrry. 
LBNT8  *. 

Fahrenheit. 

Platinum       .         .       20-98 

98-8 

*>'    Mercury         . 

39  deg. 

Gold          .         .     .       19-258 

199-2 

1 Potassium .     .     136     „ 

Iridium         .          .       18-680 
98-3 

-3 

Sodium .        .     190     „ 

Tungsten           -     .       17-50 

99-7 

I Tin    . .     .     442     „ 

Mercury         .        .       13'568 

202- 

a Bismuth .         .     497     „ 

Palladium          .     .       11-50 
53-3 

*  i  Lead 
.     .     612     „ 

Lead     .         .         .       11-35 

103-6 

•3  \  Tellurium,  rather  less  fusible  than    ' 
Rhodium     .           .       ll'O 

52-2 

i 
Arsenic,  undetermined.             [lead,  i 

Silver        .        .     .       10-47 

108- 

3 Zinc .     773  deg. 

Bismuth         .        .         9-80 

71- 

S1     Antimony,  a  little  below  a  red  heat. 
Uranium.         .     .         9'00 

217' 

Cadmium,  about  .           .     442  deg.   '• 
Copper          .         .         8-89 

31-6 
Cadmium           .     .         8-60 

55-8 

Silver    . .  1873  deg.   ! 
Cobalt           .         .        8-53 

29-5 
Copper .     .   1996     „ 

Nickel      .         .     .         8-27 

29-5 

Gold      . 
.  2016     „ 

Iron     .         .         .         7-78 

28- 

Cobalt,  rather  less  fusible  than  iron. 
Molybdenum     .     .         7'40 

47-7 

. 
Iron,  cast       . .  2786  deg.    i 

Tin        .         .         .         7-30 
Zinc          .         .     .         7-00 
Manganese    .         .         6'85 

57-9 
32-3 27-7 

j3 
9 

Iron,  malleable 
Manganese 

{requiring  th
e  high- 

est   heat     of     a  | 
smith's  forge. 

Antimony          .     .         6'70 

64-6 

Nickel,  nearly  the  same  as  Cobalt.       | 
Tellurium      .         .        6'  10 

64-2 

> 

Palladium      .  ' Arsenic    .         .     .        5*8 

37-7 

1<
 

Molybdenum 
Titanium      .          .        5-3 
Sodium     .         .     .        0-972 
Potassium      .        .        0'865 24-3 

23-3 39-15* 

B 

JB 

-H 

a 

Uranium 
Tungsten 
Chromium 
Titanium 

Almost  in  fusible  and 

not  to  be  procured 
in  buttons  by  the 

,   heat  of  a  smith's 
o 
H Cerium           . 

Osmium forge,   but  fusible before  the  oxyhy-  1 

ALLOYS  possessed  of  greater  Specific 

Iridium           . 
Rhodium 

drogen  blowpipe.* 
Gravity  than  the  mean  of  their Platinum 
components. vColumbiura    . 

Gold  and   Zinc. 
—        Tin. ALLOYS  having  a  Specific  Gravity  infe- 

—       Bismuth. rior  to  the  mean  of  their  components. 
—        Antimony. Gold    and    Silver. 
—        Cobalt. —          Iron. 

Silver  and  Zinc. —         Lead. 
—       Lead. —         Copper. 
—        Tin. —          Iridium. 
—        Bismuth. —         Nickel. 

—        Antimony. Silver  and   Copper. 
Copper  and  Zinc. Copper  and  Lead. —        Tin. Iron    and    Bismuth. 

—        Palladium. —          Antimony. 
—        Bismuth. —          Lead. 
—        Antimony. Tin    and     Lead. 

Lead  and  Bismuth. —         Palladium. 
—        Antimony. —          Antimony. 

Platinum  and    Molybdenum. Nickel  and  Arsenic. 
Palladium  and  Bismuth. Zinc    and    Antimony. 

*  Extracted  from  Dr.  Turner's  Chemistry,  Seventh  Edition,  1841. 
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AlALUUBiLirr, 
Titanium 
M.u>.Mn<  ••••    . 

Harder  than  Steel. Or  admit  of  being  extended  by  the hammer. 

Platinum       . Gold.                           Zinc. 

Palladium      . 
Silver.                          lr»n. 

Copper Copper.                     Nickel. 
i  '  'i Tin.                              Palladium. 
UOIU 

I- 

Scratched  by  Calc- Cadmium.                 Potassium. 

Tellurium •pw. 
Platinum.                  Sodium. 

|!i-mutli 1  '  .id.                       Frozen  Mercury. 
C.id[i:iuiii DUCTILITY, 

. 
Or  admit  of  being  drawn  iv'o  wires. 

.ium     . 
Khmlium L  Scratch  glass. 

Gold.                        Tin. 
Silver.                        Lead 

•  . 

Platinum.                       |  A. 
Iron.                          Palladium. .     . 

. Scratched  by  glass. Copper                     Cadmium. iiiny Zinc. 

Zinc      • 
TBUCITT. 

Lead          .      . Scratched  by  the  nail. Weights  sustained  by  wires  0-787  of  a  line 

Potassium    .  ' Sodium >Soft  as  wax(at60deg.) 
diam. 

Iron       .              549  Ibs.  250  dec.pts. 
Mercury Liquid. Copper       .          302    „   278       „ 

Platinum             274    „   320       „ 
BRITTLE*  ESS. Silver    .              187  „   137      „ 

The    following  Metals  are  brittle, Gold           .          150   „   753       „ 

and  most  of  them  may  even  IHJ Zinc        .              109   „  540       „ 

reduced  to  powder. Tin    .         .            34    „   630       „ 

Antimony. Manganese. 
Lead       .               27   „   621       „ 

Arsenie. 
nth. 

um. 
Chromium. 

Molybdenum. 
Rhodium. 
Tellurium. 
Titanium. 

Elasticity  and  tonoroutnftt  belong  to 
the  hardest  metals  only,  and  are  most 
evident  in  certain  alloys. 

Cobalt. Tungsten. Odour  and  tatte  are  most  remarkable 
Columbium. Uranium. in  copper,  iron,  and  tin. 

LINEAR  DILATATIONS  BY  HEAT. POWER  OF 

Dimensions  which  a  bar  takes  at  212°,  whose  length 
at  3-2°  is  1.000000  ;  also  its  dilatation  in  vulgar fractions. 

CONDUCTING  HEAT. 

From  Dttprttt'i  fjrptrimenti*. 
•:num 

1  -0009  1  085  or  one  1  09  7th  part 

Conducting  Pow., 

Gold       .         .        100 
ln:!n 1-00100000             1000th Platinum     .              98-1 

1-00108300              923d Silver     .        .          97-3 
Cut  Iron 1-00111025              901st Copper        .             89-82 Steel     . i.ooiarjs.;            824ti Iron       .         .          37  U 

1  ̂praght  Iron 1-001248CO                ROltit Zinc   .         .              3637 
iuth 1  00139200              718th Tin         .         .          30  38 
: 1-00149824               667th Lead           .              17*96 

^^•ter 1-00179633             5:,;th Marble           .            2-34 

•pMetal,(C.8,T  1,)  1-00181700             550tl 

lain 

Bnuw 100190663              524th Brick  earth                l-)3f 
^^^bnlom  Metal 1-00193300              M; 

Vi,lVi  |- 1  '      '  i  .   ]      ;                   i       •  '•  . •  «  n'fcUw  i  oo                   ^..f»siii 

.      100235840              4_'i: 
.      1-00285768              850t: 

*   Ana.  do  Chhn.  et  <U  Phjt 

•r 

. 
.     1-00297650     „       336i 

*  i*.    ifff 

The  ftbnv*  an  I %-.r:    H    ,  x 

of  (tirniU 

t  TralU  BltaMotaira  <U  Phyrique, 
p»T  M.  Dnprct*.  p.  *)..-«•  quoted 

Thornton,    On  Heat  and 
tal.  ftv«B  la  Vn't  Dictionary ElMtrlcity.  p.  103. 
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CHAPTER  XIV. 

REMARKS  ON  THE  CHARACTERS  OF  THE  METALS  AND  ALLOYS. 

SECT.    I.   HARDNESS,    FRACTURE,    AND    COLOUR    OP    ALLOYS. 

THE  object  of  the  present  chapter,  is  to  explain  in  a  general 

way  some  of  the  peculiarities  and  differences  amongst  alloys,  in 
the  manner  of  a  supplement  to  the  list ;  prior  to  entering  in  the 
next  chapter  on  the  means  of  melting  the  metals,  without  which 

process  alloys  cannot  be  made  :  yet  notwithstanding  that  the  list 
contains  the  greater  number  of  the  alloys  in  ordinary  use,  and 

many  others,  it  is  merely  a  small  fraction  of  those  which  might 

be  made,  for,  says  Dr.  Turner,  "  It  is  probable  that  each  metal 
is  capable  of  uniting  in  one  or  more  proportions  with  every  other 

metal,  and  on  this  supposition  the  number  of  alloys  would  be 

exceedingly  numerous/'* 
It  is  also  stated  by  the  same  distinguished  authority,  that 

"  Metals  appear  to  unite  with  one  another  in  every  proportion, 
precisely  in  the  same  manner  as  sulphuric  acid  and  water.  Thus 

there  is  no  limit  to  the  number  of  alloys  of  gold  and  copper.5 
The  same  might  be  said  of  many  other  metals,  and  when  the 
alloys  compounded  of  three,  four,  or  more  metals,  are  taken  into 

account,  the  conceivable  number  of  alloys  becomes  almost  un- 

limited. "  It  is  certain,  however,  that  metals  have  a  tendency 
to  combine  in  definite  proportion ;  for  several  atomic  compounds 

of  this  kind  occur  native."  "  It  is  indeed  possible  that  the 
variety  of  proportions  in  alloys  is  rather  apparent  than  real, 
arising  from  the  mixture  of  a  few  definite  compounds  with  each 
other,  or  with  uncombined  metal ;  an  opinion  not  only  suggested 

by  the  mode  in  which  alloys  are  prepared,  but  in  some  measure 

supported  by  observation.'^ 
It  appears  to  be  scarcely  possible  to  give  any  sufficiently 

general  rules,  by  which  the  properties  of  alloys  may  be  safely 

*  Dr.  Turner's  Chemistry,  Seventh  Edition,  1841,  p.  558. 
t  Ibid.,  p.  559. 
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from  those  of  th<  ituents  ;  for  although,  in  many 
cases,  the  working  qualities  and  appearance  of  an  alloy  may  be 

;ly  ;i  mean  proportional  between  the  nature  and  qualities  of 

tin-  metals  composing  it  ;  yet  in  other  and  frequent  instances  the 
i !.  \  iations  are  excessive,  as  will  be  seen  by  several  of  the  examples 
referred  to. 

Tim-,  \\  la  u  lead,  a  soft  and  malleable  metal,  is  combined  with 

antimony, which  is  hard,  brittle,  and  crystalline,  in  the  proportions 
of  from  twelve  to  fifty  parts  of  lead  to  one  of  antimony ;  a  flexible 

y  is  obtained,  resembling  lead,  but  somewhat  harder,  and 
which  is  rolled  into  sheets  for  sheathing  ships.  Six  parts  of 

U  ad  and  one  of  antimony,  are  used  for  the  large  soft  printers1 
«,  which  will  bend  slightly  but  are  considerably  harder  than 

tiu-  foregoing;  and  three  parts  of  lead  and  one  of  antimony  are 
employed  for  the  smallest  types,  that  are  very  hard  and  brittle, 
and  will  not  bend  at  all;  antimony  being  the  more  expensive 

al,  is  used  in  the  smallest  quantity  that  will  suffice.*  The 

ditl'erenee  in  specific  gravity  between  lead  and  antimony  con- 
rly  interferes,  and  unless  the  type  metal  is  frequently 

stirred,  the  lead,  from  being  the  heavier  metal,  sinks  to  the  bottom 

and  the  antimony  is  disproportionally  used  from  the  surface.f 

In  the  above  examples,  the  differences  arising  from  the  pro- 

portions appear  intelligible  enough,  as  when  the  soft  lead  pre- 
vails, the  mixture  is  much  like  the  lead  ;  and  as  the  hard,  brittle 

antimony  is  increased,  the  alloy  becomes  hardened,  and  more 

•  In  this  alloy  the  antimony  fulfils  another  service  besides  that  of  imparting 
hardness :  antimony  somewhat  expands  on  cooling,  whereas  lead  contracts  very 

i.  ;  -!i,  and  the  antimony,  therefore,  within  certain  limits,  compensates  for  this 
contraction,  and  causes  the  alloy  to  retain  the  full  size  of  the  moulds. 

aatimefl  from  motives  of  economy  the  neighbouring  parts  of  machinery  are 
nought  accurately  to  correspond  one  with  the  other,  but  lead  is  poured  in  to  fill 

^^Ba  intermediate  space,  and  to  make  contact.    As  around  the  brass  nuts  in  the 
beads  of  some  screw  presses,  in  the  guides  or  followers  for  the  same,  and  some  other 
part*  of  either  temporary  or  permanent  machinery.    Antimony  is  quite  essential  in 
all  these  cases  to  prevent  the  contraction  the  lead  alone  would  sustain,  and  which 
would  defeat  the  intended  object,  as  the  metal  would  otherwise  become  smaller 

than  the  space  to  be  filled. 
t  A  little  tin  is  commonly  introduced  into  types,  and  likewise  copper  in  minute 

quantity  :  iron  and  bismuth  are  also  spoken  of;  the  last  is  said  to  be  employed 

on  account  of  its  well-known  property  of  expanding  in  cooling,  so  as  to  cause  the 

^^•s  to  swell  in  the  mould,  and  copy  the  face  of  the  letter  more  perfectly,  but 
although  I  fin. I  bismuth  to  have  been  thus  used,  it  appears  to  be  neither  common 

-jtont i;il  in  printing  tf  DM. 
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brittle  :  with  the  proportion  of  four  to  one,  the  fracture  is  neither 
reluctant  like  that  of  lead,  nor  foliated  like  antimony,  but  assumes 

very  nearly  the  grain  and  colour  of  some  kinds  of  steel  and  cast- 
iron.  In  like  manner,  when  tin  and  lead  are  alloyed,  the  former 
metal  imparts  to  the  mixture  some  of  its  hardness,  whiteness, 

and  fusibility,  in  proportion  to  its  quantity,  as  seen  in  the 

various  qualities  of  pewter,  in  which  however  copper,  and  some- 
times zinc  or  antimony,  are  found. 

The  same  agreement  is  not  always  met  with :  as  nine  parts 

of  copper,  which  is  red,  and  one  part  of  tin,  which  is  white,  each 
very  malleable  and  ductile  metals,  make  the  tough,  rigid  metal 
used  in  brass  ordnance,  from  which  it  obtains  its  modern  name 

of  gun-metal,  but  which  neither  admits  of  rolling  nor  drawing  into 
wire  ;  the  same  alloy  is  described  by  Pliny  as  the  soft  bronze  of  his 
day.  The  continual  addition  of  the  tin,  the  softer  metal,  produces 

a  gradual  increase  of  hardness  in  the  mixture  ;  with  about  one- 
sixth  of  tin  the  alloy  assumes  its  maximum  hardness  consistent 

with  its  application  to  mechanical  uses  :  with  one-fourth  to  one- 
third  tin  it  becomes  highly  elastic  and  sonorous,  and  its  brittle- 
ness  rather  than  its  hardness  is  greatly  increased. 

When  the  copper  becomes  two,  and  the  tin  one  part,  the  alloy 
is  so  hard  as  not  to  admit  of  being  cut  with  steel  tools,  but  crumbles 

under  their  action ;  when  struck  with  a  hammer  or  even  suddenly 
warmed,  it  flies  in  pieces  like  glass,  and  clearly  shows  a  structure 

highly  crystalline,  instead  of  malleable.  The  alloy  has  no  trace 
of  the  red  colour  of  the  copper,  but  it  is  quite  white,  susceptible  of 
an  exquisite  polish,  and  being  little  disposed  to  tarnish,  it  is  most 
perfectly  adapted  to  the  reflecting  speculums  of  telescopes  and 
other  instruments,  for  which  purpose  it  is  alone  used. 

Copper,  when  combined  in  the  same  proportions  with  a  different 

metal,  also  light-coloured  and  fusible,  namely  two  parts  of  copper, 

with  one  of  zinc,  (which  latter  metal  is  of  a  bluish-white,  and 
crystalline,  whereas  tin  is  very  ductile,)  makes  an  alloy  of  entirely 
opposite  character  to  the  speculum  metal ;  namely,  the  soft  yellow 
brass,  which  becomes  by  hammering  very  elastic  and  ductile,  and 
is  very  easily  cut  and  filed. 

Again,  the  same  proportions,  namely,  two  parts  of  copper, 

and  one  of  lead,  make  a  common  inferior  metal,  called  pot-metal, 

or  cock-metal,  from  its  employment  in  those  respective  articles. 
This  alloy  is  much  softer  than  brass,  and  hardly  possesses 
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!ity  ;  \\lu-u  for  example,  the  beer-tap  is  driven  int.)  the 
immediately   after  it  has  been  scalded,  the  blow  occa- 

uially  breaks  it  in  pieces,  from  its  reduced  cohesion. 
iother  proof  of  the  inferior  attaelunent  of  the  copper  and 
exists  in  the  fact  that  if  the  moulds  arc  opened  before  the 

are  almost  cold  enough  to  be  handled,  the  lead  will  ooze 
it,  anil  appear  on  the  surface  in  globules.    This  also  occurs  to  a 

extent  in  gun-metal,  which  should  not  on  that  account  be 
rapidly  exposed  to  the  air ;  or  the  tin  strikes  to  the  surface,  as 

is  called,  and  makes  it  particularly  hard  at  those  parts,  from 

ie  proportional  increase  of  the  tin.     In  casting  large  masses 

gun-metal,  it  frequently  happens  that  little  hard  lumps,  con- 
of  nearly  half  tin,  work  up  to  the  surface  of  the  runners 

pouring  places,  during  the  time  the  metal  is  cooling. 

In  brass,  this  separation  scarcely  happens,  and  these  moulds 

ty  he  opened  whilst  the  castings  are  red-hot,  without  such 
:urrence ;  from  which  it  appears  that  the  copper  and  zinc  are 
more  perfect  chemical  union,  than  the  alloys  of  copper  with 

i,  and  with  lead. 

SECT.    II.   MALLEABILITY    AND    DUCTILITY    OF    ALLOYS. 

THE  malleability  and  ductility  of  alloys  are  in  a  great  measure 
jferable  to  the  degrees  in  which  the  metals  of  which  they  are 

spectively  composed,  possess  these  characters. 
Lead  and  tin  are  malleable,  flexible,  ductile,  and  inelastic, 

rhilst  cold,  but  when  their  temperatures  much  exceed  about  half 
ay  towards  their  melting  heats,  they  are  exceedingly  brittle 
id  tender,  owing  to  their  reduced  cohesion. 

The  alloys  of  lead  and  tin  partake  of  the  general  nature  of 
icse  two  metals ;  they  are  flexible  when  cold,  even  with  certain 
Iditions  of  the  brittle  metals,  antimony  and  bismuth,  or  of  the 

id  metal  mercury ;  but  they  crumble  with  a  small  elevation  of 
iperature,  as  these  alloys  melt  at  a  lower  degree  than  either 
their  components,  to  which  circumstance  we  are  indebted  for 

ic  tin  solders. 

Zinc,  when  cast  in  thin  cakes,  is  somewhat  brittle  when  cold, 

it  its  toughness  is  so  far  increased  when  it  is  raised  to  about 

)0°  F.  that  its  manufacture  into  sheets  by  means  of  rollers  is 
ien  admissible  ;  it  becomes  the  malleable  zinc,  and  retains  the 

le:il)lc  and  ductile  character,  in  a  moderate  degree,  even  when 
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cold,  but  in  bending  rather  thick  plates  it  is  advisable  to  warm 
them  to  avoid  fracture ;  when  zinc  is  remelted,  it  resumes  its 

original  crystalline  condition.* 
Zinc  and  lead  will  not  combine  without  the  assistance  of 

arsenic,  unless  the  lead  is  in  very  small  quantity ;  the  arsenic 

makes  this  and  other  alloys  very  brittle,  and  it  is  besides  danger- 
ous to  use.  Zinc  and  tin  make,  as  may  be  supposed,  somewhat 

hard  and  brittle  alloys,  but  none  of  the  zinc  alloys,  except  that 

with  copper  to  constitute  brass,  are  much  used. 
Gold,  silver,  and  copper,  which  are  greatly  superior  in  strength 

to  the  fusible  metals  above  named,  may  be  forged  either  when 

red-hot  or  cold,  as  soon  as  they  have  been  purified  from  their 
earthy  matters,  and  fused  into  ingots ;  and  the  alloys  of  gold, 

silver,  and  copper,  are  also  malleable,  either  red-hot  or  cold.f 
Fine,  or  pure  gold  and  silver,  are  but  little  used  alone ;  the 

alloy  is  in  many  cases  introduced  less  with  the  view  of  depreciating 

their  value,  than  of  adding  to  their  hardness,  tenacity,  and  duc- 
tility ;  the  processes  which  the  most  severely  test  these  qualities, 

namely,  drawing  the  finest  wires,  and  beating  gold  and  silver  leaf, 
are  not  performed  with  the  pure  metals,  but  gold  is  alloyed  with 
copper  for  the  red  tint,  with  silver  for  the  green,  and  with  both 
for  intermediate  shades.  Silver  is  alloyed  with  copper  only,  and 
when  the  quantity  is  small  its  colour  suffers  but  slightly  from  the 
addition,  although  all  its  working  qualities  are  greatly  improved, 
pure  silver  being  little  used. 

The  alloys  of  similar  metals  having  been  considered,  it  only 
remains  to  observe  that  when  dissimilar  metals  are  combined,  as 

those  of  the  two  opposite  groups ;  namely,  the  fusible  lead,  tin, 

or  zinc,  with  the  less  fusible  copper,  gold,  and  silver :  the  mal- 
leability of  the  alloys  when  cold,  is  less  than  that  of  the  superior 

metal;  and  when  heated  barely  to  redness,  they  fly  in  pieces  under 

the  hammer;  and  therefore,  brass,  gun-metal,  &c.,  when  red-hot, 

must  be  treated  with  precaution  and  tenderness.  Muntz's  patent 
metal,  which  is  a  species  of  brass  and  is  rolled  red-hot,  appears 
rather  a  contradiction  to  this;  but  in  all  probability  this  alloy,  like 

the  ingots  of  cast-steel,  requires  at  first  a  very  nice  attention  to 
the  force  applied.  It  will  be  also  remembered  the  action  of 

rollers  is  more  regular  than  that  of  the  hammer;  and  soon  gives 

*  It  is  considered  that  most  of  the  sheet  zinc  contains  a  very  little  lead, 
t  Gold  alloyed  with  copper  alone  is  not  very  malleable  when  hot. 
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tn  tin-  lit  irons  character,  which  so  far  as  it  exists  in  metals, 
is  the  very  element  of  strength,  when  it  is  uniformly  distributed 

throughout  tin -ir  substance.  This  will  be  seen  by  the  inspection 

«t'  tin'  relative  degrees  of  cohesion  possessed  by  the  same  metal 
uhen  in  tlu-  conditions  of  the  casting,  sheet,  or  wire,  shown  by 
the  table,  page  2S8,  and  to  which  quality,  or  the  tenacity  of 
alloys,  we  shall  now  devote  a  few  lines. 

SECT.  III. — STRENGTH    OR    COHESION    OF    ALLOYS. 

THE  strength  or  cohesion  of  the  alloys,  is  in  general  greatly 

superior  to  that  of  any  of  the  metals  of  which  they  are  com- 
posed. For  example,  on  comparing  some  of  the  numbers  of  the 

table,  on  pages  288  and  289,  it  will  be  seen  that  the  relative 
weights,  which  tear  asunder  a  bar  one  inch  square  of  the  several 
substances,  stand  as  follows;  all  the  numbers  being  selected 

from  Muschenbrok's  valuable  investigations,  so  that  it  may  be 
presumed,  the  same  metals,  and  also  the  same  means  of  trial, 
were  used  in  every  case. 

ADoyfc CMt  MeteU. 

10  Copper,  1  Tin,  32,093  Ib. 
8  —  1  —  36,088  „ 
6  —  1  —  44,071  „ 
4  _  1  _  35,739  „ 
2  —  1  —  1,017  „ 
1  —  1  — 

Barbary  Copper,  22,570  Ib. 
Japan         —      20,272  „ 

English  Block  Tin,  6,650 
Do.           —         5,822 

I'..ii!.  i                Tin,  3,679 

Malacca               -  3,211 

The  inspection  of  these  numbers  is  highly  conclusive,  and  it 
shows  that  the  engineer  agrees  with  theory  and  experiment,  in 
selecting  the  proportion  6  to  1  as  the  strongest  alloy ;   and 
lat  the  philosopher,  in  choosing  the  most  reflective  mixture, 

H>lo\s  the  weakest  but  one;  its  strength  being  only  one-third 
one-sixth  that  of  the  tin,  or  one-twentieth  that  of  the  copper, 

,  Inch  latter  constitutes  two-thirds  its  amount. 

It  is  much  to   be  regretted   that  the  valuable  labours   of 

[uschenlnok  have  not  been  followed  up  by  other  experiments 
the  alloys  in  more  general  use.    One  curious  circumstance 

11  be  observed  however,  in  those  which  arc  given,  namely,  that 

tlu  following  alloys,  which  are  the  strongest  of  their  respective 

s,  the  tin  is  always  four  times  the  quantity  of  the  other 
i ;  and  they  all  confirm  the  circumstance,  of  the  alloys  having 
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mostly  a  greater  degree  of  cohesion  than  the  stronger  of  their 
component  metals. 

Alloys. Cast  Metals. 

4  English  Tin,     1  Lead,           10,607  Ib.    . 
4  Banca  Tin,       1  Antimony,  13,480    „     . 
4                            1  Bismuth,     16,692    „     . 

4  English  Tin,     1  Goslar  Zinc,  10,258   „*  . 
4      —     —         1  Antimony,   11,323   „    . 

.  Lead,            885  Ib. 

.  Antimony,  1,060     „ 

.  Zinc,           2,689    „ 

.  Bismuth,     3,008    „ 

.  Tin,  3,211  to  6,650,, 

Fig.  137. 

Fig.  137  represents  a  very  ingenious  instrument,  denominated 

an  alloy-balance,  by  its  inventor  Mr.  Roberts,  of  the  present 
firm  of  Roberts,  Fothergill  and  Dobinson,  of  Manchester.  It  is 
intended  for  weighing  those  metals  the  proportions  of  which  are 

stated  decimally,  its  principle,  which  is  so  simple  as  hardly  to 

require  explanation,  depends  upon  the  law  that  weights  in  equili- 
brium are  inversely  as  their  distances  from  the  point  of  support. 

For  weighing  out  any  precise  number  of  pounds  or  ounces,  in 

the  common  way,  the  arms  of  the  ordinary  scale-beam  are  made 
as  nearly  equal  as  possible ;  so  that  the  weights,  and  the  articles 
to  be  weighed,  may  be  made  to  change  places,  in  proof  of  the 
equality  of  the  instrument.  But  to  weigh  out  an  alloy,  say 
of  17  parts  tin  and  83  copper,  unless  the  quantities  were  either 
17  and  83  Ib.  or  ounces,  would  require  a  little  calculation. 

*  This,  in  truth,  is  an  exception  ;  it  barely  equals  hi  strength  the  alloys  with 
8  and  2  parts  of  tin  to  1  of  zinc,  but  is  superior  to  that  of  equal  parts  :  it 
corroborates  the  great  increase  of  strength  in  alloys  generally. 
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Tins  is  obviate -d,  if  the  point  of  suspension  a,  of  the  alloy- 
li.il.-tuiv,  \\lr.rii  is  latiig  from  Buy  fixed  support  b,  is  adjusted 
until  the  arms  are  respectively  as  17  to  83;  and  for  this  purpose 

tlu-  half  of  tin-  beam  is  di\i<lnl  into  fifty  equal  parts  numb 
i  the  one  end;  and,  prior  to  use,  it  only  remains  to  ad 

the  weight,  in,  so  as  to  place  the  empty  balance  in  equilibrium. 

A  quantity  of  copper,  rudely  estimated,  having  been  suspended 
from  the  short  arm  of  the  balance,  the  proportionate  quantity 
of  the  tin  will  be  denoted  with  critical  accuracy,  when,  by  its 
gradual  addition,  the  beam  is  exactly  restored  to  the  horizontal 

lini' ;  should  the  alloy  consist  of  three  or  more  parts,  the  process 
of  weighing  is  somewhat  more  complex. 

The  annexed  table  was  calculated  by  the  author,  for  convert- 
ing the  proportions  of  alloys  stated  decimally,  into  avoirdupois 

weight.  It  applies  with  equal  facility  to  alloys  containing  two 

or  many  components,  so  as  to  bring  them  readily  within  the 
power  of  ordinary  scales. 

TABLE  FOR  CONVERTING  DECIMAL  PROPORTIONS 

//i/o  Division*  of  the  Pound  Avoirdupois. 

Decimal. o>.    dr. DMtauL oz.    dr. DMteal oz.    dr. i  ••  f  ii..  ii. oz.     dr. 

.78 1 13.28 2     1 25.78 4     1 
38.28 6     1 

1.56 2 14.06 2     2 26.56 4     2 39.06 6    2 
2.34 3 14.84 2     3 27.34 4     3 39.84 6    3 
3.12 4 15.62 2     4 28.12 4     4 40.62 6    4 
IM 5 16.41 2    5 28.91 

4     5 41.41 6    5 

4.69 6 17.19 2    6 
B9.69 4     6 42.19 6    6 

5.47 7 17.97 2    7 30.47 4     7 42.97 6    7 
6.25 1     0 18.75 8    0 31.25 5    0 

43.75 

7    0 1     1 19.53 3    1 32.03 5     1 
44.53 

7    1 7.81 1    2 20.31 3    2 32.81 5    2 45.31 7    2 
8.59 1     3 n.08 3    3 33.59 5    3 

46.09 
7    8 

9.37 1     4 21.87 8    4 84.37 5    4 
46.87 

7    4 
10.16 1     5 22.66 3    5 35.16 5    5 

i  :.•;>; 

7    5 

10.94 1    6 23.44 3    6 35.94 5    6 48.44 7    6 

i  !.:•_• 
1     7 8    7 36.72 5    7 49.22 7     7 

2    0 25.00 4     0 87.50 9    0 50.00 8    0 

'i'-nlion  of  the  Table. 

The  Chinese  Packfong,  similar  to  our  German  silver,  according  to  Dr.  Fyfa 

p.  279,  is  said  to  consist  of— 

40.4  parts  of  Copper  " 
25.4    — 

2.6    —       Iron 

'  6  oz.  4  drams,  nearly. 

equivalent  to 
4—0  — 
5—  1  — 
0—  8  — 

full. 

n.  .ir'.v. 
full. 

16  oz.  0     —     Avoirdupois 
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All  nice  attempts  at  proportion,  are  however  entirely  futile, 
unless  the  metals  are  perfectly  pure ;  for  example,  it  is  a  matter 
of  common  observation  that  for  speculums,  a  variable  quantity  of 
from  seven  and  a  half  to  eight  and  a  half  ounces  of  tin  is  required 
for  the  exact  saturation  of  every  pound  of  copper,  and  upon 
which  saturation  the  efficiency  of  the  compound  depends ;  bells 
of  exactly  similar  quality  sometimes  thus  require  the  dose  of  tin 
to  vary  from  three  and  a  half  to  five  ounces,  to  the  pound  of 

copper,  according  to  the  qualities  of  the  metals. 
The  variations  in  the  purity  of  the  metals  obtained  from 

different  localities,  are  abundantly  demonstrated  by  the  disagree- 
ment in  the  cohesive  strengths  of  the  two  in  question,  more 

particularly  the  tin,  as  seen  on  page  297,  and  which  can  be  only 
ascribed  to  their  respective  amounts  of  impurity.  Any  other 

supposition  than  the  presence  of  foreign  matter,  would  neces- 
sarily go  to  disprove  the  fact  of  the  metals  being  simple  bodies, 

and  therefore  strictly  alike  when  absolutely  pure,  wheresoever 

they  may  have  been  obtained. 

SECT.  IV.   FUSIBILITY    OT    ALLOYS. 

IN  concluding  this  slight  view  of  some  of  the  general  charac- 
ters of  alloys,  it  remains  to  consider  the  influence  of  heat,  both 

as  an  agent  in  their  formation,  and  as  regards  the  degree  in 

which  it  is  required  for  their  after-fusion ;  the  lowest  available 
temperature  being  the  most  desirable  in  every  such  case. 

"  Metals  do  not  combine  with  each  other,"  says  Dr.  Turner, 
"  in  their  solid  state,  owing  to  the  influence  of  chemical  affinity 
being  counteracted  by  the  force  of  cohesion.  It  is  necessary  to 
liquefy  at  least  one  of  them,  in  which  case  they  always  unite, 

provided  their  mutual  attraction  is  energetic.  Thus,  brass  is 
formed  when  pieces  of  copper  are  put  into  melted  zinc ;  and 
gold  unites  with  mercury  at  common  temperatures  by  mere 

contact."  * 
The  agency  of  mercury  in  bringing  about  triple  combinations 

of  the  metals,  both  with  and  without  heat,  is  also  very  curious 

and  extensive.  Thus,  in  water-gilding,  the  silver,  copper,  or 
gilding  metal,  when  chemically  clean,  are  rubbed  over  with  an 
amalgam  of  gold  containing  about  eight  parts  of  mercury ;  this 

*  Turner's  Chemistry,  p.  559. 
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immediately  attache*  itself,  und  it  is  only  necessary  to  evaporate 

tin-  im-miry,  which  requires  a  very  moderate  heat,  and  the  gold 

is  left  lit-liind.  //'//Ar-.v/7'vr/////  is  similarly  accomplished. 
Cast-iron,  \rrought-iron,  and  steel,  as  well  as  copper  and  many 

other  nit  tals,  may  be  tinned  in  a  similar  manner.  An  amalgam 
of  tin  and  mercury  is  made  so  as  to  be  soft  and  just  friable;  the 
metal  to  be  tinned  is  thoroughly  cleaned  either  by  filing  or 

turning,  or  if  only  tarnished  by  exposure,  it  is  cleaned  with  a 
piece  of  emery-paper  or  otherwise,  without  oil,  and  then  rubbed 
with  a  thick  cloth  moistened  with  a  few  drops  of  muriatic  acid. 

A  little  of  the  amalgam  then  rubbed  on  with  the  same  rag,  tho- 
roughly coats  the  cleaned  parts  of  the  metal  by  a  process  which 

is  described  as  cold-tinning;  other  pieces  of  metal  may  be  attached 
to  the  tinned  parts  by  the  ordinary  process  of  tin-soldering. 

In  making  the  tinned-iron  plates,  the  scoured  and  cleaned  iron 
plates  are  immersed  in  a  bath  of  pure  melted  tin,  covered  with 
pure  tallow ;  the  tin  then  unites  with  every  part  of  the  surfaces ; 

and  in  the  ordinary  practice  of  tinning  culinary  vessels  of  copper, 
pure  tin  is  also  used.  The  two  metals,  however,  must  then  be 

raised  to  the  melting  heat  of  tin ;  but  the  presence  of  a  little 

mercury  enables  the  process  to  be  executed  at  the  atmospheric 
temperature,  as  above  explained. 

In  Mr.  Mallett's  recently  patented  "  processes  for  the  pro- 
tection of  iron  from  oxidation  and  corrosion,  and  for  the 

prevention  of  the  fouling  of  ships,"  one  proceeding  consists  in 
covering  the  iron  with  zinc. 

The  ribs  or  plates  for  iron  ships  are  immersed  in  a  "cleansing 
bath"  of  equal  parts  of  sulphuric  or  muriatic  acid  and  water, 
used  warm;  the  works  are  then  hammered,  and  scrubbed  with 

emery  or  sand,  to  detach  the  scales  and  to  thoroughly  clean 

them  ;  they  are  then  immersed  in  a  "  preparing  bath"  of  equal 
parts  of  saturated  solutions  of  muriate  of  zinc  and  sal-ammoniac, 

from  which  the  works  are  transferred  to  a  fluid  "  metallic  bath," 
consisting  of  202  parts  of  mercury  and  1292  parts  of  zinc,  both  by 

weight  ;*  to  every  ton  weight  of  which  alloy,  is  added  about  one 
pound  of  either  potassium  or  sodium,  (the  metallic  bases  of  pot- 

ass and  soda,)  the  latter  bein^  preferred.  As  soon  as  the  cleaned 
iron  works  have  attained  the  melting  heat  of  the  triple  alloy, 
they  are  removed,  having  become  thoroughly  coated  with  zinc. 

at. .in  ,,f  m.-ivnry  to  foity  atom*  of  r.\'. 
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"  The  affinity  of  this  alloy  for  iron  is,  however,  so  intense, 
and  the  peculiar  circumstances  of  surface  as  induced  upon  the 

iron  presented  to  it  by  the  preparing  bath  are  such,  that  care 
is  requisite  lest  by  too  long  an  immersion  the  plates  are  not 
partially  or  wholly  dissolved.  Indeed  where  the  articles  to  be 
covered  are  small,  or  their  parts  minute,  such  as  wire,  nails  or 
small  chain,  it  is  necessary  before  immersing  them  to  permit  the 

triple  alloy  to  dissolve  or  combine  with  some  wrought-iron,  in 
order  that  its  affinity  for  iron  may  be  partially  satisfied  and  thus 
diminished.  At  the  proper  fusing  temperature  of  this  alloy 

which  is  about  680°  Fahr.,  it  will  dissolve  a  plate  of  wrought- 
iron  of  an  eighth  of  an  inch  thick  in  a  few  seconds."  * 

"  The  palladiumizing  process. — The  articles  to  be  protected 
are  to  be  first  cleansed  in  the  same  way  as  in  the  case  of  zincing; 
namely,  by  means  of  the  double  salts  of  zinc  and  ammonia,  or  of 
manganese  and  ammonia ;  and  then  to  be  thinly  coated  over 

with  palladium,  applied  in  a  state  of  amalgam  with  mercury."  f 
In  the  opinion  of  eminent  chemists  and  metallurgists,  all  the 

metals,  even  the  most  refractory,  which  nearly  or  quite  refuse 
to  melt  in  the  crucible  when  alone,  will  gradually  run  down 

when  surrounded  by  some  of  the  more  fusible  metals  in  the 
fluid  state ;  in  a  manner  similar  to  the  solution  of  the  metals  in 

mercury,  as  in  the  amalgams,  or  the  solutions  of  solid  salts  in 
water.  The  surfaces  of  the  superior  metals  are,  as  it  were, 
dissolved,  washed  down,  or  reduced  to  the  state  of  alloys,  layer 

by  layer,  until  the  entire  mass  is  liquefied. 
Thus  nickel,  although  it  barely  fuses  alone,  enters  into  the 

composition  of  German  silver  by  aid  of  the  copper,  and  whilst 
it  gives  whiteness  and  hardness,  it  also  renders  the  mixture  less 
fusible.  Platinum  combines  very  readily  with  zinc,  arsenic,  and 

also  with  tin  and  other  metals ;  so  much  so,  that  it  is  dangerous 

to  melt  either  of  those  metals  in  a  platinum  spoon ;  or  to 

solder  platinum  with  common  tin  solder,  which  fuses  at  a  very 
low  temperature :  although  platinum  is  constantly  soldered  with 
fine  gold,  the  melting  point  of  which  is  very  high  in  the  scal<\ 

*  The  reader  is  directed  to  the  important  and  much-used  methods  of  zincing 
iron,  described  in  notes  X  and  Y,  page  971 — 2,  of  the  Appendix  to  vol.  II. 

•f-  Mechanics'  Magazine,  1842,  vol.  36,  p.  41,  where  the  details  of  this  zincing 
process,  and  of  the  preparation  of  the  varnishes  and  paints  used  for  additional 

protection,  are  minutely  transcribed  from  the  specification  of  the  patent. 
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Again,  tin-  circumstances  that  some  of  tin-  t'u-iM"  bismuth  alloys 
melt  below  the  temperature  of  boiling  water,  or  at  less  than  half 
the  melting  hen!  of  tin,  their  imM  fusible  ingredient,  show  that 

the  points  of  fusion  of  alloys,  are  equally  as  difficult  of  explana- 
tion or  generalization  as  many  other  of  the  anomalous  circum- 
•es  concerning  them. 

This  much  however  may  he  safely  advanced,  that  the  alloys, 
without  exception,  are  more  easily  fused  than  the  superior  in 
of  which  they  are  composed;  and  extending  the  same  view  to 

the  n-lutirt'  quantities  of  the  components,  it  may  be  observed  that 
the  hard  solders  for  the  various  metals  and  alloys,  are  in  general 
made  of  the  selfsame  material  which  they  are  intended  to  join, 
hut  with  small  additions  of  the  more  fusible  metals.  The  solder 

should  be,  as  nearly  as  practicable,  equal  to  the  metal  on  which 

it  is  employed,  in  hardness,  colour,  and  every  property  except 
fiiMbility  ;  in  which  it  must  excel  just  to  an  extent  that,  when 
ordinary  care  is  used,  will  avoid  the  risk  of  melting  at  the  same 

time,  both  the  object  to  be  soldered  and  likewise  the  softer  alloy 
or  solder  by  which  it  is  intended  to  unite  its  parts. 

It  would  appear  as  if  every  example  of  soldering  in  which  a 
more  fusible  alloy  is  interposed,  were  also  one  of  superficial 
alloying.  Thus,  when  two  pieces  of  iron  are  united  by  copper, 

1  as  a  solder,  it  seems  to  be  a  natural  conclusion  that  each 

surface  of  the  iron  becomes  alloyed  with  the  copper ;  and  that 

the  two  alloyed  surfaces  are  held  together  from  their  particles 
having  been  fused  in  contact,  and  run  into  one  film.  It  is  much 
the  same  when  brass  or  spelter  solder  is  used,  except  that  triple 

alloys  are  then  formed  at  the  surfaces  of  the  iron,  and  so  with 
most  other  instances  of  soldering. 

And   in  cases  where  metallic  surfaces  are  coated  by  other 

als,  the  latter  being  at  the  time  in  a  state  of  fusion,  as  in 

tinned-iron  plates  and  silvered  copper;  may  it  not  also  be  con- 
d,  that  between  the  two  exterior  surfaces  which  are  doubt  - 

!<  —  the  simple  metals,  a  thin  film  of  an  alloy  compounded  of  the 
does  in  reality  exist  ?  And  in  those  cases  in  which  the  coating 

is  laid  on  by  the  aid  of  mercury,  and  without  heat,  the  circum- 
stances are  very  similar,  as  the  fluidity  of  mercury  is  ident 

ii  the  ordinary  state  of  fusion  of  other  metals,  although  the 

pine  higher  temperatures  than  that  of  OUT  atmosp! 
When  portions  of  the  same  metal  are  united  by  partial  fusion, 
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and  without  solder,  as  in  the  process  described  as  burning  together, 

and  more  recently  known  as  the  "  autogenous"  mode  of  soldering, 
no  alloy  is  formed,  as  the  metals  simply  fuse  together  at  their 
surfaces.* 

Neither  can  it  be  supposed  that  any  formation  of  alloy  can 

occur,  where  the  one  metal  is  attached  to  the  other  by  the  act 
of  burnishing  on  with  heat,  as  in  making  gilt  wire,  but  without 
a  temperature  sufficient  to  fuse  either  of  the  metals.  The  union 

in  this  case  is  probably  mechanical,  and  caused  by  the  respective 
particles  or  crystals  of  the  one  metal  being  forced  into  the  pores 

of  the  other,  and  becoming  attached  by  a  species  of  entangle- 
ment, similar  to  that  which  may  be  conceived  to  exist  through- 

out solid  bodies.  This  process,  almost  more  than  any  other  in 
common  use,  requires  that  the  metals  should  be  perfectly  or 

chemically  clean ;  for  which  purpose  they  are  scraped  quite  bright 
before  they  are  burnished  together,  so  that  the  junction  may  be 
next  approaching  to  that  of  solids  generally. 

And,  lastly,  when  metals  are  deposited  upon  other  metals  by 
chemical  or  electrical  means,  the  addition  frequently  appears  to 
be  a  detached  sheath,  and  which  is  easily  removed;  indeed, 

unless  the  metal  to  be  coated  is  chemically  clean,  and  that 
various  attendant  circumstances  are  favourable,  the  sound  and 

absolute  union  of  the  two  does  not  always  happen,  even  when 
carefully  aimed  at.  f 

It  is  time,  however,  that  we  proceed  to  the  description  of 
the  methods  of  forming  the  ordinary  alloys,  the  subject  of  the 
succeeding  chapter. 

*  Delbruck's  patent  autogenous  soldering  process,  which  will  be  described  in  the 
chapter  on  soldering,  is  here  alluded  to. 

t  The  table  of  the  metals  and  alloys,  pp.  285 — 286,  contains  many  illustrations 
of  these  two  pages ;  but  it  should  be  observed,  the  energies  of  the  respective  unions 

depend  very  considerably  on  the  chemical  affinities  of  the  metals  concerned. 
The  Parts  I.  and  II.  of  Electrotype  Manipulation,  by  Mr.  Charles  V.  Walker, 

1841,  may  be  likewise  consulted  by  those  interested  in  electro-plating,  gilding,  and 
etching. 
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MELTING  AND  MIXING  THE  METALS. 

SECT.  I. — THE  VARIOUS  FURNACES,  ETC.,  FOR  MELTING  THE  METALS. 

Til  i:  subject  upon  which  we  have  now  to  enter  consists  of  two 
principal  divisions,  namely,  the  melting  and  combining  of  the 
metals,  and  the  formation  of  the  moulds  into  which  the  fluid 

metals  are  to  be  poured.  In  the  foundry  the  two  processes  are 

generally  carried  on  together,  so  that  by  the  time  the  mould  is 
completed,  the  metal  may  be  ready  to  be  poured  into  it ;  but  as 
in  conveying  these  several  particulars  the  one  process  must  have 
precedence,  I  propose  to  commence  with  the  means  ordinarily 
employed  in  melting  and  mixing  the  metals,  in  order  to  associate 
more  closely  all  that  concerns  the  alloys.  In  accordance  with 

ordinary  practice,  the  formation  of  the  moulds  will  be  described 
whilst  the  metals  may  be  supposed  to  be  in  course  of  fusion ;  the 
concluding  remarks  will  be  on  pouring,  or  filling  the  moulds,  the 

act  strictly  speaking  of  casting,  and  which  completes  the  work. 

The  fusible  metals,  or  those  not  requiring  the  red-heat,  are 

melted  when  in  small  quantities  in  the  ordinary  plumber's  ladle 
over  the  fire ;  otherwise  larger  cast-iron  ladles  or  pans  are  used, 
briK ;ith  which  a  fire  is  lighted;  for  very  large  quantities  and 

various  manufacturing  purposes,  such  as  casting  sheet-lead,  and 
I-  ad  pipe,  and  also  for  type-founding,  the  metals  are  melted  in 

in  in  pans  set  in  brickwork,  with  a  fire-place  and  ash-pit  beneath, 
much  the  same  as  an  ordinary  laundry  copper,  and  the  metals 
are  removed  from  the  pans  with  ladles. 

The  prutnvrs  and  some  others  call  the  melting  pan  a  pit, 
although  it  is  ended  entirely  above  the  floor;  and  as  their 

meltings  are  made  up  in  great  part  of  old  metal  which  is  some- 
times  wet  or  damp,  they  have  iron  doors  to  enclose  the  mouth  of 
the  pan,  in  case  any  of  the  metal  should  be  splashed  about  from 

moisture  reaching  the  fluid  metal. 
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Antimony,  copper,  gold,  silver,  and  their  alloys,  are  for  the 
most  part  melted  in  crucibles  within  furnaces  similar  to  the  kind 
used  by  the  brass  founders,  which  is  represented  at  a,  fig.  138; 
the  entire  figure  represents  the  imaginary  section  of  a  brass 

Fig.  138. 

foundry,  with  the  moulding  trough,  b,  for  the  sand  on  the  side 
opposite  the  furnace,  the  pouring  or  spill  trough,  c,  in  the  center, 
and  the  core  oven  d,  which  is  usually  built  in  the  wall  close  against 
one  of  the  flues,  but  these  matters  will  be  described  hereafter. 

The  brass  furnace  is  usually  built  within  a  cast-iron  cylinder, 
about  20  to  24  inches  diameter  and  30  to  40  inches  high,  which 

is  erected  over  an  ash-pit,  arrived  at  through  a  loose  grating  on 
a  level  with  the  floor  of  the  foundry.  The  mouth  of  the  furnace 
stands  about  8  or  10  inches  above  the  floor,  and  its  central 

aperture  is  closed  with  a  plate  now  usually  of  iron,  although 
still  called  a  tile ;  the  inside  of  the  furnace  is  contracted  to 

about  10  inches  diameter  by  fire-bricks  set  in  Stourbridge 
clay,  except  a  small  aperture  at  the  back  about  4  or  5  inches 
square,  leading  into  the  chimney. 

There  are  generally  three  or  four  such  furnaces  standing  in  a 
row,  and  separate  flues  proceed  from  all  into  the  great  chimney 
or  stack,  the  height  of  which  varies  from  about  twenty  to  forty 
feet  and  upwards,  the  more  lofty  it  is  the  greater  the  draught; 
every  furnace  has  also  a  damper  to  regulate  its  individual  fire. 

It  is  quite  essential  for  constant  work  to  have  several  furnaces, 
in  order  that  one  or  two  may  be  in  use,  whilst  the  others  lie  idle 

to  allow  of  their  being  repaired,  as  they  rapidly  burn  away,  and 
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when  the  space  around  the  crucible  exceeds  about  2  <>r  .;  m< -li< •*, 
fuel  is  consumed  u n necessarily  quick  ;  the  furnace  is  then 

t*d  to  its  original  size  with  a  dressing  of  road  drift  and 
water  applied  like  mortar,  the  fire  is  lighted  immediately,  and 

.1  vi-;oroii>ly  to  glaze  the  lining.* 
>  also  convenient  to  have  several  furnaces  for  another 

<>n,  as  when  a  single  casting  requires  more  than  the  usual 
charge  of  one  furnace,  namely,  about  10  to  GO  Ibs.,  two  or  more 
fires  can  be  used.  When  the  quantity  of  brass  to  be  melted 
exceeds  the  charge  of  three  or  four  ordinary  air  furnaces,  the 
common  blast  furnace  for  iron  is  sometimes  used  as  a  temporary 

expedient,  the  practice  however  is  bad,  as  it  causes  great  oxida- 
tion and  waste.  The  greatest  quantities  of  metal,  as  for  large 

bells,  statues  and  ordnance,  amounting  sometimes  to  several  tons* 
are  commonly  melted  in  reverberatory  furnaces ;  these  are,  of 
course,  never  required  by  the  amateur,  and  those  who  may  desire 
to  know  their  construction  will  find  them  described  in  various 

works  on  manufactures  and  chemistry. 
The  furnaces  used  by  the  gold  and  silver  refiners  are  in  many 

respects  similar  to  the  brass  furnace  a,  fig.  1 38,  but  they  are  built 
as  a  stunted  wall  along  one  or  more  sides  of  the  refinery,  and 
entirely  above  the  floor  of  the  same.  The  several  apertures  for 

the  fuel  and  crucible  are  from  9  Jo  16  inches  square,  or  else 
cylindrical,  and  12  to  20  inches  deep ;  the  front  edge  of  the  wall 
is  horizontal,  and  stands  about  30  inches  from  the  ground,  but 
from  the  mouth  of  the  furnace  backwards  it  is  inclined  at  an 

angle  of  about  20  to  40  degrees,  so  that  the  tiles,  or  the  iron 
rs  of  the  furnaces,  lie  at  that  angle.  A  narrow  ledge  cast 

in  the  solid  with  the  iron  plates  covering  the  upper  surface  of 
the  wall,  retains  the  tiles  in  their  position. 

The  small  kinds  of  air  furnaces  are  of  easy  construction,  but  as 

inporary  expedient  almost  any  close  fire  may  be  used,  includ- 
ing some  of  the  German  stoves  and  hot-air  stoves,  that  is  for 

melting  brass,  which  is  more  fusible  than  copper;  although  it  is 
much  the  most  convenient  that  the  fire  be  open  at  the  top,  so 

that  the  contents  of  the  crucible  may  be  seen  without  the  neces- 
for  its  removal  from  the  fire.     Such  stoves  however  radiate 

*  Road  drift,  or  the  scrapings  of  the  ordinary  turpik*  road*,  principally  rilex 
and  alumina,  u  often  used  for  the  entire  lining  of  the  furnace.  The  refuse  sand 

from  the  glass  grinders,  which  contains  flint  glam,  is  also  used  for  repairing  t 
x  2 
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heat  in  a  somewhat  inconvenient  manner,  and  to  a  much  greater 
extent  than  the  various  portable  furnaces,  most  of  which  are 

lined  with  fire-brick  or  clay ;  the  lining  concentrates  the  heat 
and  economises  the  fuel.  Many  of  these  portable  furnaces 

answer  not  only  for  copper  but  also  for  iron,  when  they  have  a 

good  draft ;  it  may  happen  however,  that  the  chemical  furnaces 
are  equally  as  inaccessible  to  the  amateur,  as  those  expressly 
constructed  for  the  metals. 

Country  blacksmiths,  who  are  frequently  called  upon  to  prac- 
tise many  trades,  sometimes  melt  from  ten  to  fifteen  pounds  of 

brass  in  the  ordinary  forge  fire,  but  there  is  considerable  risk  of 
cracking  the  earthen  crucible  at  the  point  exposed  to  the  blast; 
a  wrought  iron  pot  is  sometimes  resorted  to,  but  this  is  not 
very  enduring,  as  the  brass  will  soon  cause  it  to  burn  into  holes 
and  leak.  The  forge,  p.  203,  may  be  thus  used  for  a  small 
quantity  of  brass,  but  it  answers  better  when  provided  with  the 
furnace  prepared  for  it,  as  the  blast  then  enters  at  the  bottom 

and  acts  on  all  parts  of  the  fuel  alike.  Some  years  back  the  blast 
was  almost  as  commonly  used  for  brass  as  it  now  is  for  iron ;  in 
which  case  the  stream  of  air  from  the  bellows  entered  beneath 

the  fire-bars  in  a  close  chamber,  which  also  served  as  the  ash-pit, 
just  as  if  the  front  wall  of  the  furnace  «,  fig.  138,  were  continued 
down  to  the  ground,  with  only  a  small  hole  for  the  blast.  See 

Appendix,  Note  Z,  page  973,  Vol.  II. 

SECT.   II. — OBSERVATIONS  ON  THE  MANAGEMENT  OF  THE  FURNACE, 
AND  ON  MIXING  ALLOYS. 

THE  fuel  for  the  brass  furnace  is  always  hard  coke,  which  is 

prepared  in  ovens  and  broken  into  lumps  about  the  size  of  hens' 
eggs  :  in  lighting  the  fire,  a  bundle  of  shavings,  chips  of  cork,  or 
any  similar  combustible,  is  first  thrown  in  and  ignited,  and  then 
some  coke  or  charcoal  is  added.  It  is  also  usual  to  put  the  pot 
in  the  fire  at  an  early  stage,  and  with  its  mouth  downwards : 

by  this  means  the  thin  edge  which  admits  the  most  easily  of 
expansion  gets  hot  first,  and  the  heat  plays  within  the  crucible, 
so  as  to  warm  it  gradually,  it  is  not  reversed  until  the  whole 
is  red  hot ;  putting  it  in  bottom  downwards  would  be  almost 
certain  to  cause  it  to  crack. 

The  pot  is  now  bedded  upon  the  fuel,  and  the  brass-founder, 
whilst  making  up  the  fire,  puts  an  iron  cover  with  a  long  central 
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handle  o\i  i-  the  mouth  of  the  pot,  to  piv\riit  the  small 
\\  hich  are  now  thrown  on  from  entering  the  same.  Next,  the 
charge  of  metal  is  put  in  the  crucible,  and  three  or  four  large  pieces 

are  placed  across  the  mouth  of  the  pot;  the  tile  is  put  on 
the  furnace,  the  damper  is  thru  adjured  to  heat  the  crucible 
quickly,  ami  the  \>hole  is  left  to  itself  until  the  metal  is  run  down. 

The  u'i'ltl  ami  >il\er  refiners  ami  jewellers  manage  their  furnaces 
much  in  the  same  way,  except  that  they  support  the  crucible 

upon  a  hollow  earthen  stand  placed  on  the  fire-bars  to  catch  any 
leakage,  and  also  put  an  earthen  cover  over  its  mouth.  They 

pi  it-rally  use  coke,  although  charcoal  is  a  purer  fuel,  and  is  laid 
H}><>H  the  fluid  metals  to  prevent  oxidation.* 

The  generality  of  the  metals  are  far  more  disposed  to  oxidation 
when  in  the  melted  condition  than  when  solid,  it  is  therefore 

usual,  whilst  they  are  in  the  crucible,  to  protect  their  surfaces 
from  the  air  with  some  flux,  to  lessen  their  disposition  to  oxidize. 

In  the  iron  furnace,  the  slag  from  the  lime  floats  on  the  metal 

and  fulfils  this  end  ;  many  brass-founders  always  throw  broken 
glass,  charcoal  dust,  sandiver,  or  sal-enixon,  into  the  melting-pot, 
by  others  these  precautionary  measures  are  altogether  neglected. 
The  black  and  white  fluxes,  borax  and  saltpetre,  are  also  used  for 
the  precious  metals,  and  oil  or  resin  for  the  more  fusible,  as  lead 
or  tin,  but  excess  of  heat  should  be  at  all  times  avoided. 

The  generality  of  the  fusible  metuls  may  be  mixed  in  all 
proportions.  Those  in  which  the  melting  points  are  tolerably 
similar  may  be  easily  combined,  such  as  lead  with  tin,  or  gold 
with  >i  her,  or  copper,  these  appear  to  call  for  no  instructions 

'  Descriptions  of  the  methods  of  constructing  the  white  melting  pots  used  for 
iron  and  steel,  will  be  found  in  the  Transactions  of  the  Society  of  Arts  : 

ily,  Mr.  Marshall's  method,  vol.  41,  p.  52  ;  Mr.  Anstey's,  vol.  43,  p.  82,  and 

r.  Charles  Sidney  Smith's,  vol.  47,  p.  5s.     The  above,  and  the  so  called  blue  pots, 
1  black-lead  pots,  are  not  burned  until  they  are  put  into  the  fire  for  use  ;  but  the 

pots,  the  English  brown  or  clay  pots,  the  Cornish  and  the  Wedgwood 
dbles,  are  all  burned  before  use.     The  account  of  some  comparative  trials  on 

all  of  these  kinds  will  be  found  attached  to  Mr.  Anstey's  paper. 
It  may  be  further  observed,  that  the  pots  for  brass  are  too  porous  for  gold  and 

silver,  as  they  ntct  up  too  much  of  the  same  :  the  black-lead  pots  are  closer  and 
better  for  the  precious  metals,  and  they  withstand  change  of  temperature  best  of 
any  kind  ;  they  are  however  the  most  expensive,  but  cannot  be  safely  used  with 
fluxes.  The  Hessian  crucibles  resist  the  fluxes,  and  serve  with  care  for  several 

consecutive  meltings  ;  the  English  clay  pots,  which  resemble  the  Hessian,  are  safe 
no  or  sometimes  for  more  meltings,  and  their  cost  is  trifling.  The  pots  for  gold 

and  silver  are  ooessAonslly  coated  or  luted  externally  with  clay  as  a  protection. 
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beyond  moderation  in  the  heat  employed,  but  the  difficulty  of 
making  definite  and  uniform  alloys  increases,  when  the  melting 
points  of  the  metals,  or  their  qualities  or  quantities,  are  widely 
dissimilar. 

In  mixing  alloys  with  new  metals,  it  is  usual  to  melt  the  less 
fusible  first,  and  subsequently  to  add  the  more  fusible;  the 
mixture  is  then  stirred  well  together,  and  common  opinion  seems 
to  be  in  favour  of  running  the  metal  into  an  ingot  mould,  as 
the  second  fusion  is  considered  more  thoroughly  to  incorporate 
the  mixture.  Sometimes,  with  the  same  view,  the  alloy  is 

granulated,  by  pouring  it  from  the  crucible  into  water,  either 
from  a  considerable  height  through  a  colander,  or  over  a  bundle 

of  birch  twigs,  which  subdivide  it  into  small  pieces ;  others  con- 
demn such  practices,  and  greatly  prefer  the  first  fusion,  in  order 

to  avoid  oxidation,  and  departure  from  the  intended  proportions. 

But  in  many,  and  perhaps  in  most  cases,  it  is  the  practice  to 

fill  the  melting  pan,  or  the  crucible,  in  part  with  old  alloy,  con- 
sisting of  fragments  of  spoiled  or  worn-out  work ;  and  to  which 

is  added,  partly  by  calculation  but  principally  by  trial,  a  certain 
quantity  of  new  metals.  This  is  not  always  done  from  motives 
of  economy  alone,  but  from  the  opinion  that  such  mixtures  cast 
and  work  better  than  those  made  entirely  of  new  metals. 
When  small  quantities  of  a  metal  of  difficult  fusion,  are  added 

to  large  proportions  of  others  which  are  much  more  fusible,  the 

whole  quantities  are  not  mixed  at  once.  Thus,  in  pewter,  it 
would  be  scarcely  possible  to  throw  into  the  melted  tin  the  half 
per  cent,  or  the  one  per  cent,  of  melted  copper  with  any  certainty 
of  the  two  combining  properly,  and  it  is  therefore  usual  to  melt 
the  copper  in  a  crucible,  and  to  add  to  it  two  or  three  times  its 

weight  of  melted  tin :  this  as  it  were,  dilutes  the  copper,  and 
makes  the  alloy  known  as  temper,  which  may  be  fused  in  a  ladle, 
and  added  in  small  quantities  to  the  fluid  pewter  or  to  the  tin, 

as  the  case  may  be,  until  on  trying  the  mixture  by  the  assay 
(see  page  284)  its  proportions  are  considered  suitable. 

The  metal  for  printer's  type  is  often  mixed  nearly  in  the  same 
manner  ;  the  copper  is  first  melted  alone  in  a  crucible,  the 

antimony  is  melted  in  another  crucible,  and  is  poured  into  the 
copper,  sometimes  a  little  lead  is  also  added.  The  hard  alloy 
and  the  tin  are  then  introduced  to  the  mass  of  type-metal  or 
lead,  also  in  great  measure  by  trial,  as  old  metal  mostly  enters 
into  the  mixture. 
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Iii  Lai-duet's  Cyclopedia,  .Manufactures  in  Metal,  Vol.  III., 

['•  I' 

"  The  composition  of  Britannia  metal   is  as  follows: — 3$  cwt. 

><-st  block  tin  :  <>!' martial  regnlns  of  antimony  ;  8  Ibs. 
of  copper,  ami  8  Ibs  of  brass.    The  amalgamation  of  these  metals 

is  effected  by  melting  the  tin,  and  raising  it  just  to  a  red  heat  in 

a  stout  ca>t-iron  pot  or  trough,  and  then  pouring  into  it,  first 
the  regulus,  and  afterwards  the  copper  and   brass,  from   the 

crucible-  in  \\hich  they  have  been  respectively  melted,  the  caster 
meanwhile  stirring  the   mass  about   during  this  operation,  in 

r  that  the  mixture  may  be  complete." 
It  would  appear,  however,  much  more  likely  and  consi 

that  a  similar  mode  is  adopted  in  making  this  alloy,  as  in  pewter 

and  type-metal;  namely,  that  the  copper  and  brass  are  melted 
together  in  one  crucible,  the  antimony  then  added  from  another 
crucible,  and  perhaps  also  a  little  tin;  this  would  dilute  the 
hard  metals,  and  make  a  fusible  compound,  to  be  added  to  the 

ainder  of  the  tin  when  raised  a  very  little  beyond  its  fusing 
point,  so  as  to  maintain  fluidity  when  the  whole  were  mixed  and 
stirred  together,  previously  to  being  poured  into  ingots.  By 

tin-  tn-atinent  the  tin  would  be  much  less  exposed  to  waste. 
When  a  very  oxidizable  or  volatile  metal,  as  zinc,  is  mixed 

with  another  metal  the  fusing  point  of  which  is  greatly  higher, 
as  with  copper  for  making  the  important  alloy  brass,  whatever 

_rht  of  each  may  be  put  into  the  crucible,  it  is  scarcely  possible 
to  speak  with  anything  like  certainty  of  the  proportions  of  the 
alloy  produced,  from  the  rapid  and  nearly  uncontrollable  manner 
in  which  the  waste  of  the  zinc  occurs. 

Various  means  have  been  devised  at  different  times  for  com- 

bining these  two  metals.  Thus  the  author  of  the  article  "Brass," 
Supplement  to  Encyclopedia  Britannica,  says : 

hough  the  most  direct  way  of  forming  the  different  kinds 
of  brass  is  by  immediately  combining  the  metals  together,  one  of 
them,  which  is  most  properly  called  brass,  was  manufactured 
long  before  zinc,  one  of  its  component  parts,  was  known  in  its 

Hie  form.     The  ore  of  the  latter  metal  was  cemented  with 

ts  of  copper,  charcoal  being  present.     The  zinc  was  formed 
and    united   with    the    copper,   without    becoming  visible   in  a 

•;nct  form.  The  .same  method  is  still  practised  for  making 

brass." 
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Under  Emerson's  patent,  the  more  nearly  direct  fusion  of  the 
two  metals  was  accomplished,  as  will  be  seen  by  the  extract.* 

The  author  of  the  "  Britannica  "  also  states  : — "  The  best  way 
of  uniting  zinc  with  copper,  in  the  first  instance,  will  be  to 
introduce  the  copper  in  thin  slips  into  the  melted  zinc,  till  the 

alloy  requires  a  tolerable  heat  to  fuse  it,  and  then  to  unite  it 

with  the  melted  copper." 
Some  persons  thrust  the  whole  of  the  copper,  in  thin  plates, 

into  the  melted  zinc,  which  rapidly  dissolves  them;  and  the  mass 

is  kept  in  a  pasty  condition  until  within  a  few  minutes  of  the 
time  of  pouring,  when  they  augment  the  heat  to  the  degree 
required  for  the  casting  process. 

But  the  plan  which  is  the  most  expeditious,  and  now  most 
usually  adopted,  is  to  thrust  the  broken  lumps  of  zinc  beneath 
the  surface  of  the  melted  copper  with  the  tongs,  which  mode 

will  be  more  particularly  described ;  but  howsoever  conducted, 
a  considerable  waste  of  the  zinc  will  inevitably  occur. 

It  is  also  certain  that  every  successive  fusion  wastes,  in  some 
degree,  the  more  oxidizable  metal,  so  that  the  original  proportion 
is  more  and  more  departed  from,  especially  with  the  least  excess 
of  heat ;  and  when  the  metals  are  not  well  covered  with  flux.  The 

loose  oxide  frequently  mixes  with  the  metal,  this  in  brass  gives 
rise  to  the  white-coloured  stains,  and  the  little  cavities  filled  with 

*  "  Patent  granted  to  James  Emerson,  dated  July  13,  1781. 

"  I  take  spelter  in  ingots  and  melt  them  down  in  an  iron  boiler ;  I  then  run  the 
melted  spelter  through  a  ladle  with  holes  in  it,  fixed  over  a  tub  of  cold  water,  by 
which  means  the  spelter  is  granulated  or  sholed,  and  is  then  fit  for  making  brass 
on  my  plan.  I  then  mix  about  54  Ib.  of  copper  shot,  about  10  Ib.  of  calcined 
calamine  ground  fine,  and  about  one  bushel  of  ground  charcoal  together ;  I  then 
put  into  a  casting  pot  a  handful  of  the  mixture,  and  upon  it  I  put  about  3  Ib.  of 
the  sholed  spelter ;  I  then  fill  up  the  pot  with  the  said  mixture  of  copper  shot, 
calcined  calamine  and  ground  charcoal.  In  the  same  manner  I  fill  eight  other 
pots,  so  that  54  Ib.  of  copper  shot,  27  Ib.  of  sholed  spelter,  about  10  Ib.  of  cal- 

cined calamine,  and  about  1  bushel  of  ground  charcoal,  make  a  charge  for  one 
furnace,  containing  9  pots,  for  making  brass  on  my  plan.  My  chief  reason  for 
using  the  small  quantity  of  calamine  in  the  process  is  more  for  confining  the  spelter 
by  its  weight,  than  for  the  sake  of  any  increase  arising  from  it,  and  I  have  fre- 

quently omitted  the  calamine  in  the  process. 

"The  pots  being  so  filled  are  respectively  put  into  the  furnace,  and  about  12 
hours  completes  the  process,  and  from  this  charge  I  have  on  the  average  82  Ib.  of 

pure  fine  brass,  fit  for  making  ingots  or  casting  plates  for  making  brass  battery 
ware,  or  brass  latten  ;  and  my  brass,  made  as  aforesaid,  is  of  a  superior  quality  to 

any  brass  made  from  copper  and  calamine."  —Repertory  of  Arts;  1796.  vol.  5,  p.  24 
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the  white  oxide  of  zinc ;  and  in  pun-metal  the  stains  and  streaks 

are  blacker,  and  tin-  <>\iile  of  tin,  (or  putty  powder,)  being  much 
harder  than  the  former,  is  sadly  destructive  to  the  tools.  The 
vitreous  jinxes  collect  these  oxides,  and  are  therefore  serviceable ; 

but  when  in  excess,  they  are  liable  to  run  into  the  mould  when 
the  metal  is  poured.  The  chemist  generally  uses  covers  to  the 
crucibles,  to  lessen  the  access  of  air,  and  therefore  the  oxidation ; 

but  the  brassfouuder  frequently  leaves  the  metal  entirely  un- 
no  considerable  waste  occurs  until  the  metal  is  entirely 

fused,  and  rather  hotter  than  is  required  for  pouring,  which  is 
indicated  by  the  zinc  beginning  to  burn  at  the  surface  with  a 
blue  flame.* 

In  collecting  the  several  alloys  given  at  pages  265  to  286, 
especially  those  of  copper,  I  found  great  difficulty  in  reconciling 
many  of  the  statements  derived  from  books ;  and  therefore,  to 
place  the  matter  upon  a  surer  basis,  and  also  with  some  other 
\ir\vs,  I  determined  to  mix  a  series  of  the  copper  alloys,  in 

quantities  of  from  one  to  two  pounds  each,  pursuing,  as  nearly 

as  possible,  the  common  course  of  foundry-work,  to  make  the 
results  practical  and  useful. 

My  first  intention  was  to  weigh  the  metals  into  the  crucible, 
and  to  find,  by  the  weight  of  the  product,  the  amount  of  loss  in 

c\  rry  case,  as  well  as  the  quality  of  the  alloy.  Commencing  with 
this  view  with  copper  and  zinc,  the  several  attempts  entirely 
failed;  owing  to  the  extremely  volatile  nature  of  the  latter  metal, 
especially  when  exposed  to  the  high  temperature  of  melted 

copper.  The  difficulty  was  greatly  increased,  owing  to  the  very 
iarire  extent  of  surface  exposed  to  the  air,  compared  with  that 
which  occurs  when  greater  quantities  are  dealt  with,  and  the 
increased  rapidity  with  which  the  whole  was  cooled. 

The  zinc  was  added  to  the  melted  copper  in  various  ways ; 
namely,  in  solid  lumps,  in  thin  sheet  hammered  into  balls, 
poured  in  when  melted  in  an  iron  ladle;  and  all  these,  both  whilst 
tin  crucible  was  in  the  fire  and  after  its  removal  from  the  same. 

The  surface  of  the  copper  was  in  some  cases  covered  with  glass 

•  The  IOM  which  occurs  in  melting  brass-filings  is  a  proof  that  the  granulation 
of  the  metals  is  not  always  desirable ;  and  union  the  brass  filings  are  well  drawn, 

group  of  magnet*,  to  free  them  from  particle*  of  iron  and  steel,  the  latter 
often  spoil  the  castings,  as  they  become  so  exceedingly  hard  as  to  resist  the  file  or 

ng  tool,  and  can  be  only  removed  by  the  hammer  and  cold-chisel. 
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or  charcoal,  and  in  others  uncovered,  but  all  to  no  purpose ;  as 

from  one-eighth  to  one-half  the  zinc  was  consumed  with  most 
vexatious  brilliancy,  according  to  the  modes  of  treatment :  and 
these  methods  were  therefore  abandoned  as  hopeless. 

I  was  the  more  diverted  from  the  above  attempts,  by  the  well- 
known  fact  that  the  greatest  loss  always  occurs  in  the  first  mixing 
of  the  two  metals,  and  which  the  founder  is  in  general  anxious 

to  avoid :  thus,  when  a  very  small  quantity  of  zinc  is  required, 

as  for  the  so-called  copper  castings,  about  4  oz.  of  brass  are  added 
to  every  2  or  3  Ib.  of  copper.  And  in  ordinary  work,  a  pot  of 
brass  weighing  40  Ib.,  is  made  up  of  10,  20,  or  30  Ib.  of  old  brass, 

and  two- thirds  of  the  remainder  of  copper,  these  are  first  melted  : 
a  short  time  before  pouring,  the  one-third  of  the  new  metals,  or 
the  zinc  is  plunged  in,  when  the  temperature  of  the  mass  is  such 

that  it  just  avoids  sticking  to  the  iron  rod  with  which  it  is  stirred. 

In  mixing  the  copper  and  zinc  for  my  experiments  on  brass, 
an  entirely  different  course  was  therefore  determined  upon, 

namely,  to  melt  the  metals  on  a  much  larger  scale,  and  in  the 
usual  proportion,  that  is,  24  Ib.  of  copper  to  12  Ib.  of  zinc,  to 
learn  the  first  loss  of  zinc  when  conducted  with  ordinary  care. 

Then  to  remelt  a  quantity  of  the  alloy  over  and  over  again,  taking 
a  trial  bar  every  time,  in  order  to  ascertain  the  average  loss  of. 

zinc  in  every  fusion.  From  the  residue  of  the  original  mixture,  to 
make  the  alloys  containing  less  zinc,  by  a  proportional  addition 
of  copper;  and  those  alloys  containing  more  zinc,  by  a  similar 
addition  of  zinc.  And  lastly,  to  have  the  whole  of  the  bars 

assayed,  to  determine  the  absolute  proportions  of  copper  and  zinc 
contained  in  all,  and  from  these  analyses  to  select  my  series  of 
specimens,  as  nearly  in  agreement  as  I  could  with  the  proportions 

in  common  use.  This  method  answered  every  expectation.* 

Twenty-four  pounds  of  copper,  namely  clean  ship's  bolts,  were 
first  melted  alone  to  ascertain  the  loss  sustained  by  passing 
through  the  fire,  which  was  found  to  be  barely  i  oz.  on  the  whole. 
A  similar  weight  of  the  same  copper  was  weighed  out,  and  also 
12  Ib.  of  the  best  Hamburg  zinc,  in  cakes  about  f  inch  thick, 
which  were  broken  into  pieces. 

The  copper  was  first  melted,  and  when  the  whole  was  nearly 
run  down,  the  coke  was  removed  to  expose  the  top  of  the  pot, 

*  Twenty-four  assays  were  made  from  as  many  bars,  from  1J  to  2  Ibs.  weight; 
besides  which,  several  failures  were  laid  aside. 
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which  \v;is  watched  until  the  Itniliiit/  of  tlic  copper,  arising  pro- 

bably tVoin  the  escape  of  bubbles  of  air  locked  up  at  the  lower 

part  of  the  semi-fluid  mass,  ceased,  and  the  copper  assumed  a 

bright  red,  hut  sluggish  appearance;  the  zinc  was  then  added. 

Precaution  is  necessary  in  introducing  the  first  quantity  of 
xi iic,  not  to  set  the  copper,  which  is  liable  to  occur  if  a  large 
quantity  of  cold  metal  is  thrown  in,  simply  from  the  abstraction 
of  heat  ;  and  it  is  also  necessary  to  warm  the  zinc  that  it  may 
he  perfectly  dry,  as  the  least  moisture  would  drive  the  metal  out 
of  the  pot  with  dangerous  violence.  A  small  lump  of  the  zinc, 
therefore  was  taken  in  the  tongs,  held  beside  the  pot  for  a  few 
moments,  and  then  put  in  with  the  tongs  with  an  action  between 

a  stir  and  a  plunge,  regardless  of  the  flare,  and  of  the  low  crack- 
ling noise,  just  as  if  butter  had  been  thrown  in;  the  zinc  was 

absorbed,  and  the  surface  of  the  pot  was  clear  from  its  fumes 
almost  immediately.  The  remainder  of  the  zinc  was  then  directly 
added,  in  about  eight  pieces,  one  at  a  time,  much  in  the  same 
manner,  but  the  danger  of  setting  the  copper  nearly  ceases  when 

a  small  quantity  of  the  spelter  is  introduced.  After  every  addi- 
tion the  pot  was  free  from  flame  in  a  few  moments,  a  handful 

of  broken  glass  was  then  thrown  in,  the  tile  replaced,  and  the 
\\  hole  allowed  to  stand  for  about  fifteen  minutes  to  raise  the 

metal  to  the  proper  heat  for  pouring,  which  is  denoted  by  the 
commencement  of  the  blue  fumes  of  the  zinc. 

The  pot  was  then  taken  from  the  fire,  well  stirred  for  one 

minute  and  poured ;  the  weight  of  the  brass  yielded  was  34  Ib. 

I  .  \  oz.,  showing  a  loss  of  1  Ib.  3£  oz.,  or  one-tenth  of  the  zinc,  or 
the  one-thirtieth  part  of  the  whole  quantity.  This  experiment 
was  repeated,  and  the  loss  was  then  1  Ib.  3  oz.,  the  difference 
being  only  £  an  oz.  By  analysis,  the  mean  of  the  two  brasses 
was  31^  per  cent,  zinc ;  or  instead  of  being  8  oz.  to  the  pound, 

ia  only  7^  oz. 
Twelve  pounds  of  each  of  these  experimental  mixtures  were 

ivmcltcd  six  times,  a  bar  weighing  about  one  pound  and  a  half, 
bein^  taken  every  time  ;  the  two  series  of  trials  were  conducted 

in  ditlerent  foundries,  by  different  men,  and  quite  in  the  ordinary 
course  of  work  ;  but  the  loss  per  cent,  of  zinc  was  in  the  six 

experim.  nts  exactly  alike  in  each  series,  that  is,  each  bar,  after 
the  sixth  melting,  contained  22£  per  cent,  or  4$  oz.  to  the  pound 

of  copper.  I  (1  fusion  in  each  case  sustained  the  greatest 
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loss,  (say  nearly  two-fold) ;  and  in  the  others,  taking  all  the 
accidental  circumstances  into  account,  the  loss  might  be  pro- 

nounced nearly  alike  every  fusion.* 
In  making  the  alloys  with  more  zinc,  the  calculated  weight 

of  the  first  alloy  was  melted,  and  the  amount  of  zinc  was 
warmed  and  plunged  in  with  the  tongs,  whilst  the  pot  was  in 
the  fire,  the  whole  was  stirred  and  quickly  poured  :  the  losses 

in  weight  were  rather  large,  but  this  is  common  when  the  zinc 
is  in  great  quantity.  To  make  the  alloys  containing  less  zinc 
than  the  alloy,  the  calculated  weight  of  copper  was  first  made 

red-hot  and  the  respective  portion  of  the  brass  alloy  was  then 
put  in  the  pot,  by  which  means  the  two  ran  down  nearly 
together:  it  being  found  that  the  copper,  if  entirely  melted 
before  the  brass  was  added,  incurred  a  risk  of  being  set  at  the 

bottom  of  the  pot ;  and  remelting  the  mass,  wasted  the  zinc. 
These  alloys  came  out  much  nearer  to  their  intended  weights. 

In  making  the  tin  and  copper  alloys,  very  little  difficulty  was 
experienced.  The  copper  was  put  into  the  pot  together  with  a 
little  charcoal,  which  was  added  to  assist  the  fusion  and  also  to 

cause  the  alloy  to  run  clean  out ;  as  in  pouring  gun-metal  a 
small  quantity  is  usually  left  on  the  lip  of  the  crucible,  which 
would  have  been  an  interference  in  these  experiments.  When 
the  copper  had  ceased  boiling,  and  was  at  a  bright  red  heat, 
it  was  taken  from  the  fire,  and  the  tin  previously  melted  in  a 
ladle,  was  thrown  in,  every  mixture  was  well  stirred  and  poured 
immediately. 

In  the  fourteen  alloys  thus  formed,  each  weighing  about  a 

pound  and  a  half,  namely,  £,  1,  1£,  &c.,  up  to  8  oz.  of  tin  to  the 
pound  of  copper,  (missing  the  6£  and  7^,)  no  material  loss  ws;s 
sustained  in  nine  instances,  and  in  the  other  five  it  never 

exceeded  ^  oz.  and  that  quantity  was  probably  lost  rather  in 
fragments  than  by  oxidation. 

Alloys  of  2,  4,  6  and  8  ounces  of  lead  to  the  pound  of  copper, 
were  made  exactly  under  the  same  circumstances  as  the  last. 

*  Lord  Oxmantown  required  the  proportion  of  2'75  copper  and  1  zinc,  to  be 
very  carefully  preserved,  as  that  alloy  was  found  to  expand  equally  with  the  spe- 

culum metal  to  which  it  had  to  be  soldered.  After  many  trials,  Lord  Oxmantown 
found  that  by  employing  a  furnace  deeper  than  usual,  and  by  covering  the  metal 
with  a  layer  of  charcoal  powder  two  inches  thick,  the  loss  every  time  was  the 
smallest,  and  almost  exactly  the  180th  each  casting.  To  renew  the  charcoal  dust 
it  was  folded  up  in  paper  and  thrown  in.  See  Trans.  Royal  Society,  1840,  p.  507. 



CHAPTER  XVI. 

CASTING  AND  FOUNDING. 

SECT.  I.— GENERAL    REMARKS.       METALLIC    MOULDS. 

WE  are  indebted  to  the  fusibility  of  the  metals,  for  the  power 

of  giving  them  with  great  facility  and  perfection,  any  n-quin •<! 
form,  by  pouring  them  whilst  in  the  fluid  state  into  moulds  of 
various  kinds,  of  which  the  castings  become  in  general  the  exact 

counterparts.  This  property  is  of  immeasurable  value. 
Some  few  objects  are  cast  in  open  moulds,  so  that  the  upper 

surface  of  the  fluid  metal  assumes  the  horizontal  position  the 

same  as  other  liquids,  as  in  casting  ingots,  flat  plates,  and  some 
fe\v  other  objects;  but  in  general  the  metals  are  cast  in  close 
moulds,  so  that  it  becomes  necessary  to  provide  one  or  more 

apertures  or  ingates  for  pouring  in  the  metal,  and  for  allowing 
the  escape  of  the  air  which  previously  filled  the  moulds. 

\Vhcn  these  moulds  are  made  of  metal,  they  must  be  suffi- 
ciently hot  not  to  chill  or  solidify  the  fluid  metal  before  it  has 

time  to  adapt  itself  thoroughly  to  every  part  of  the  mould;  and 
when  the  moulds  are  made  of  earthy  matters,  although  moisture 

-sential  to  their  formation,  little  or  none  should  remain  at 
the  time  they  are  filled. 

The  earthen  moulds  must  be  also  sufficiently  pervious  to  air, 

that  any  vapour  or  gases  which  may  be  formed,  either  at  the 
moment  of  pouring  in  the  metal  or  during  its  solidification,  may 
ha\v  tree  vent  to  escape;  otherwise,  if  these  gases  are  rapidly 

.ed,  there  is  great  danger  of  the  metal  hein^  driven  out  of 
the  mould  with  a  violent  explosion,  or  when  more  slowly  formed 

and  locked  up  without  suf lira-lit  freedom  for  escape,  the  casting 
.ill  be  said  to  be  l>l<nm,  as  some  of  the  bubbles  of  air  will  dis- 

ie  fluid  metal  and  render  it  spongy  or  porous.  It  not 
ifrcqueiitly  happens  that  castings  which  appear  externally  good 

Hid,  are  full  of  hidden  defects,  because  the  surface  bt-ini; 
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first  cooled,  the  bubbles  of  air  will  attempt  to  break  their  way 
through  the  central  and  still  soft  parts  of  the  casting. 

Fig.  139.  a  C  6 

E 

The  explanatory  diagram,  fig.  139,  is  intended  to  elucidate 
some  of  the  circumstances  concerning  the  construction  of  moulds, 

which  in  the  greater  number  of  cases  are  made  only  in  two  parts, 
but  in  other  cases  are  divided  into  several.  The  figure  to  be 
moulded  is  supposed  to  be  a  rod  of  elliptical  section,  the  mould 
for  which  might  be  divided  into  two  parts  through  the  line  A,  B, 

because  no  part  of  the  figure  projects  beyond  the  lines  a,  b,  drawn 

from  the  margin  of  the  model  at  right  angles  to  the  line  of  divi- 
sion, and  in  which  direction  the  half  of  the  mould  would  be 

removed  or  lifted;  the  model  could  be  afterwards  drawn  out 
from  the  second  half  of  the  mould  in  a  similar  manner. 

The  mould  could  be  also  parted  upon  the  line  C,  D,  because 

in  that  direction  likewise,  no  part  of  the  model  extends  beyond 
the  lines  c,  d,  which  show  the  direction  in  which  the  mould  would 
be  then  lifted. 

The  mould,  however  complex,  could  be  also  parted  either  upon 
A  B  or  upon  C  D,  provided  no  part  of  the  model  outstepped  the 
rectangle  formed  by  the  dotted  lines  b,  c,  or  was  undercut. 

But,  considering  the  figure  139,  to  be  turned  bottom  upwards, 
and  with  the  line  E,  F,  horizontal,  the  removal  of  the  entire 

half  of  the  mould  upon  the  lines  e,  f,  would  be  impossible, 

because  in  raising  the  mould  perpendicularly  to  E,  F,  that  por- 
tion of  the  mould  situated  within  the  one  perpendicular  e,  would 

catch  against  the  overhanging  part  of  the  oval  towards  A. 
Were  the  mould  of  metal,  and  therefore  rigid,  it  would  be 

entirely  locked  fast,  or  it  would  not  "  deliver ;"  were  the  mould 
of  sand,  and  therefore  yielding,  it  would  break  and  leave  behind 



IPLK8   OF    MOBI.tMMi. 811 

tat  part  li  \  and  K  \\  Inch  caused  the  obstruction.  Con- 

juently,  in  such  a  case,  the  mould  would  be  made  with  a  small 

)se  part  \wt\\  .  so  that  when  the  principal  portion, 
from  A  to  F,  had  been  lifted  perpendicularly  or  in  the  direction 

of  the  line  r,  the  small  undercut  piece,  A  to  E,  might  be  with- 
drawn sideways,  on  which  account  it  would  he  designated  by  the 

ii»n  founder  a  drawback,  by  the  brass  founder  a/afre  core. 
All  the  patterns  in  the  mould,  fig.  140,  could  be  extracted 

in  -in  each  half  of  the  mould,  because  none  of  them  encroach 
heyond  the  perpendicular  line,  or  that  in  which  the  mould  is 
lifted ;  a  and  b,  could  be  laid  in  exactly  upon  the  diagonal,  or 

upon  one  flat  side,  or  partly  embedded ;  and  in  like  manner///,  //, 
might  be  sunk  more  or  less  into  the  mould,  their  sides  being 
perpendicular ;  but  the  patterns  in  fig.  141  being  undercut,  the 

di\  ision  of  the  mould  into  two  parts  only  would  be  impracticable, 
and  false  cores  or  subdivisions  would  be  required  in  the  manner 

represented,  the  construction  of  which  will  be  hereafter  detailed . 

Pig.  140. 
abed  er  A 

141. 

Extending  these  same  views  to  a  more  complex  object,  such  as 
a  bust,  it  will  be  conceived  that  the  mould  must  be  divided  into 

so  many  pieces,  that  none  of  them  will  be  required  to  embrace 
any  overhanging  part  of  the  figure.  For  instance,  were  it 
attempted  to  mould  a  human  head,  so  that  the  parting  might  pass 
through  the  central  line  of  the  face  and  down  the  back;  the 

two  halves  could  not  be  separated  if  they  were  made  each  in  a 

single  piece;  as  the  inner  angles  of  the  eyes,  the  spaces  behind 
the  ears  and  the  curls  of  the  hair,  would  obstruct  it,  and  the 

head  could  be  only  thus  moulded  by  making  false  cores  or  loose 

pieces  at  these  particular  places,  in  the  manner  illustrated  by 
the  former  figures.  These  would  require  to  be  accurately 

adapted  to  the  surrounding  parts,  by  pins  or  contrivances  to 
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ensure  their  re-taking  their  true  positions.  These  remarks,  how- 
ever, are  only  advanced  by  way  of  general  illustration,  as  figure 

casting  is  the  most  refined  part  of  the  art  of  moulding. 

Metal  moulds  are  employed  for  many  works  in  the  easily- 
fused  metals,  which  are  required  to  be  produced  in  large  quan- 

tities, and  with  great  similitude  and  economy  :  the  examination 
of  which  moulds  will  serve  to  demonstrate  many  of  the  points  of 

construction  and  proceeding.  Thus  the  common  bullet-mould 
is  made  like  a  pair  of  pliers,  the  jaws  of  which  are  conjointly 
pierced  with  a  hole  or  passage  leading  into  a  spherical  cavity ; 
the  aperture  is  equally  divided  between  the  two  halves  of  the 
mould,  so  that  in  fact  the  division  is  truly  upon  the  diametrical 
line  both  of  the  sphere  and  the  runner,  or  the  largest  part  of 

each,  otherwise  the  pliers  could  not  be  opened  to  remove  the 
bullet  when  cast.  Iron  shot  for  great  guns,  are  likewise  cast  in 
iron  moulds,  by  which  they  also  possess  great  accuracy  of  form 
and  size. 

Figs.  142. 
143. 

144. 
145. 

v_ 

Figs.  142  to  145  represent  the  moulds  for  casting  pewter  ink- 
stands: these  moulds  are  a  little  more  complex,  and  are  each  made 

in  four  parts;  the  black  portions  represent  the  sections  of  the  ink- 
stands to  be  cast.  The  moulds  each  consist  of  a  top  piece  or  cap  t, 

a  bottom  or  core  b,  and  two  sides  or  cottles,  s  s;  in  fig.  145,  the  one 
side  is  removed,  in  order  to  expose  the  casting,  and  the  top  piece  / 
is  supposed  to  be  sawn  through  to  make  the  whole  more  distinct. 
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It  will  br  seen,  the  tup  :m<l  hut  turn  parts  have  each  a  rebate  like 

th<>  lid  of  :i  siinH'-box,  winch  embrace  the  external  edges  of  tin- 
two  ride  pieces  *  *,  and  the  latter  divide  as  in  the  bullet  mould, 

tly  upon  the  diametrical  line  of  the  inkstand,  which  in  a 

circular  object  is  of  course  the  largest  part;  the  positions  of  the 
arc  therefore  strictly  maintained. 

\\hcii  the  mould  has  been  put  together,  laid  upon  its  side,  and 
filled  t  hrough  x,  the  ingate,  or,  as  it  is  technically  called,  the  tedye, 
it  is  nl lowed  to  stand  about  a  minute  or  two,  and  then  the  top  /, 

is  knocked  off  by  one  or  two  light  blows  of  a  pewter  mallet ; 
the  mould  is  then  held  in  the  hand,  and  the  bottom  part  or  core 

U  knocked  out  of  the  casting  by  the  edge ;  lastly,  the  two  sides 
are  pulled  asunder  by  their  handles,  and  the  casting  is  removed 
from  the  one  in  which  it  happens  to  stick  fast ;  but  it  requires 
cautious  handling  not  to  break  it.  The  face  of  the  mould  is 

slightly  coated  with  red  ochre  and  white  of  egg,  to  prevent  the 
casting  adhering  to  the  same,  and  to  give  the  works  a  better 
face :  the  first  few  castings  are  generally  spoiled,  until  in  fact  the 
mould  becomes  properly  warmed. 

Most  of  the  works  made  in  the  very  useful  material,  pewter, 

are  cast  in  gun-metal  moulds,  which  require  much  skill  in  their 
construction;  thus  a  pewter  tankard,  with  a  hinged  cover  and 

spout,  consists  of  six  species,  every  one  of  which  requires  a 
different  mould,  thus, 

1.  The  body  has  a  mould  in  four  parts,  like  that  for  the  ink- 
stand, but  it  is  filled  in  the  erect  position  through  two  ingates, 

which  are  made  through  the  top  piece  /,  of  the  mould  : 
2.  The  bottom  requires  a  mould  in  two  parts,  and  is  poured  at 

Ige  : 
8.  The  cover  is  cast  in  the  same  manner ;  and  thus  far  the 

moulds  are  all  made  in  the  lathe,  in  which  useful  machine  these 
i^s  are  also  finished 

u  •  11       i  *  Fi«- 146-  147- 
before    bring  soldered  to- 

gether : 
4.  The  spout  requires  a 

mould  in  two  parts: 
The    piece,  fig.  147, 

by  which  the  cover  is  hinged 
he  handle   require*  a 

much  more  complex  mould, 
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which  divides  in  four  parts,  as  shown  in  fig.  146,  and  much  resem- 
bles, except  in  external  form,  the  remaining  mould  :  namely, 

6.  For  the  handle,  which  mould,  like  the  last,  consists  of  four 

pieces  fitted  together  with  various  ears  and  projections ;  they 
are  represented  in  their  relative  positions  in  fig.  149,  with  the 

exception  of  the  piece  a,  fig.  150,  which  is  detached  and  shown 
bottom  upwards.  Fig.  148  shows  the  pewter  handle  separately, 

with  the  three  knuckles  for  joining  on  the  cover ;  and  on  refer- 
ence to  fig.  149,  of  the  five  parts  through  which  the  pin  p,  is 

thrust,  the  two  external  pieces  belong  respectively  to  the  sides  c, 
and  d,  of  the  mould,  the  others  are  parts  of  the  casting,  and  the 
two  hollows  are  formed  by  the  two  solid  knuckles  fixed  to  the 

detached  piece  of  the  mould  a,  fig.  150.  At  the  time  of  pouring, 

the  pin  p,  serves  to  connect  the  three  parts  a,  c,  d,  together, 
and  also  to  form  the  whole  in  the  casting,  for  the  pin  of  the  joint. 

Figs.  148. 
149. 150. 

Fig.  151  shows  the  section  of  the  mould  upon  the  dotted  line  *.- 
by  this  it  will  be  seen  the  handle  is  cast  hollow,  as  almost  im- 

mediately the  mould  has  been  filled  through  /,  all  but  the  thin 
external  shell  is  poured  out  again,  and  the  weight  is  reduced 
to  less  than  half.  To  extract  the  handle,  the  pin  p,  is  first 

twisted  out ;  then  the  joint  piece  a,  is  removed ;  next  the  back- 
piece  b ;  and  lastly  the  two  sides  c,  d,  are  pulled  asunder. 

Tin  or  pew  ter  bearings  for  locomotive  carriages,  have  been 

cast  in  appropriate  metal  moulds ;  and  such  materials  are  very 
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ml  to  the  mechanist  fur  many  temporary   purposes,  such  as 

irs,  bearings,  screws  and   nut-,  cither  lor  difficult  positions, 
v  here  no  screw  tap  is  at  hand  and  the  resistance  is  moderate ; 

in  Mich  cases  the  parts  of  the  machine  constitute  one  portion  of 
the  mould,  the  apertures  being  closed  with  moist  loam:  the 
processes  are  most  successful  when  the  parts  can  be  made  warm 

and  the  clay  is  nearly  dry.     See  Note  W,  page  970,  Vol.  II. 

Tin-  most  important,  exact,  and  interesting  example  of  casting 
in  metallic  moulds  is  that  of  type-founding,  the  description  of 
which,  as  well  as  drawings  of  the  mould,  have  been  repeatedly 

given ;  some  of  the  peculiarities  only  of  this  art,  will  be  there- 
fore noticed.  Each  complete  set  of  types  consists  of  five  alpha- 

-,  A,  A,  a,  A,  a,  besides  many  other  characters,  in  all  about 
two  hundred,  and  which  arc  required  to  be  roost  strictly  alike 

in  every  respect  except  in  device  and  width;  the  width  is  the 
greatest  for  the  W  and  M,  and  the  least  for  the  i  and  !.  Every 
required  measure  of  the  types,  (represented  on  an  enlarged  scale 
in  tig.  152,)  is  determined  by  the  mould  alone,  and  not  by  any 
after  correction. 

It  the  moulds  for  the  rectangular  shafts  of  the  types  were 

made  us  in   •  >r  1 .",  I ,  the  usual  forms  of  square  moulds, 
would  not  admit  of  alteration  in  width,  as  shifting  a,  fig.  153, 

would  produce  no  change,  and 'fig.  154  would  thereby  produce 
the  form  b.  The  mould  which  is  used,  is  made  in  two  L  formed 

parts  as  in  ti-:.  1. ">.">;  whence  it  follows  that  shifting  the  part  //.  to 
T    1 
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the  right  or  left  increases  or  decreases  the  width  of  the  type 
without  interfering  with  its  thickness,  or  as  it  is  technically  called, 

its  body,  (B,  fig.  152,)  the  width,  \v,  is  adjusted  by  apiece  called 
the  register,  fixed  at  the  bottom  of  the  mould. 

The  device  is  changed  by  placing  across  the  bottom  of  the 
mould  one  of  the  two  hundred  little  pieces  of  copper,  fig.  156, 
called  matrices,  into  which  the  face  of  the  letter  is  impressed  by 

very  beautifully  formed  punches.  The  length  of  the  letter  is 
determined  by  a  contraction  at  the  upper  part  of  the  mould,  as 
shown  at  c,  fig.  157,  which  represents  the  type  as  it  leaves  the 
mould;  the  metal  is  poured  with  a  jerk,  to  make  a  sharp  impression 
of  the  matrix  :  the  mould,  which  is  held  in  the  left  hand,  and  the 

ladle  in  the  right,  being  jerked  simultaneously  upwards,  at  the 

moment  of  filling  the  mould,  and  without  which  the  face  of  the 

type  would  be  rounded  and  quite  imperfect.  The  breaks  c,  or 
the  runners  of  the  types,  are  first  broken  off,  and  after  a  slight 
correction  of  the  sides,  the  hollows  or  channels  in  the  feet  are 

planed  out  of  a  whole  column  of  them,  fixed  between  bars  of 
wood,  without  touching  the  square  shoulders  which  determine 
the  lengths  of  the  types,  and  are  left  as  originally  cast. 

In  some  types  with  a  large  face  and  much  detail,  such  as  the 
illustrations  given  on  the  last  page,  the  motion  of  the  hand  is 

barely  sufficient  to  give  the  momentum  required  to  throw  the 
metal  into  the  matrix,  and  produce  a  clean  sharp  impression.  A 

machine  is  then  used,  which  may  be  compared  to  a  small  forcing- 
pump,  by  which  the  mould  is  filled  with  the  fluid  metal ;  but 

from  the  greater  difficulty  of  allowing  the  air  to  escape,  such 
types  are  in  general  considerably  more  unsound  in  the  shaft  or 

body;  so  that  an  equal  bulk  of  them  only  weigh  about  three- 
fourths  as  much  as  types  cast  in  the  ordinary  way  by  hand,  and 

which  for  general  purposes  is  preferable  and  more  economical.* 

*  Some  other  variations  are  resorted  to  in  type-founding;  sometimes  the  mould 

is  filled  at  twice,  at  other  times  the  faces  of  the  types  are  dabbed,  (the  d'tchd 
cess,)  many  of  the  large  types  and  ornaments  are  stereotyped,  and  either  solduivil 
to  metal  bodies,  or  fixed  by  nails  to  those  of  wood.     The  music  typo,  and  • 
mental  borders  and  dashes,  display  much  very  curious  power  of  combination. 

The  clicMe  process  is  rather  stamping  than  casting.  The  melted  alloy,  (see 
page  266,)  is  placed  in  a  paper  tray,  and  stirred  with  a  card  until  it  assumes  the 

pasty  condition.  The  metal  die,  or  mould,  is  then  "  dabbed  "  upon  the  soft  metal, 
as  in  sealing  a  letter,  but  with  a  little  more  of  sluggish  force. 
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<  >!  urn  examples  of  metallic  moulds  might  be  given,  hut  there 
are  far  more  frequent  cases  in  which  one  single  casting  is  alone 

required;  or  else  tin-  number  is  so  small,  or  the  pieces  them- 
es are  so  large  or  peculiar,  that  the  construction  of  metal 

moulds  would  be  found  alm«»t  or  qni  te  impracticable,  even  with- 
out re  fere  nee  to  an  equally  fatal  barrier,  the  expense. 

In  making  these  single  copies  in  the  metals  of  considerable 

fu-il)ilit\  .  plaster  of  Paris  is  sometimes  employed;  thus,  after 

tlu-  printer  has  arranged  the  loose  types  into  a  page,  and  the 
requisite  corrections  have  been  made,  a  stereotype,  or  solid  type, 

ken  of  the  whole  as  a  thin  sheet  of  metal,  which  serves  to  be 

printed  from  almost  as  well  as  the  original  letters;  and  its  small 

enables  the  printer  to  retain  it  for  future  use,  after  the  types 

themselves  have  served  perhaps  for  a  hundred  similar  regene- 
rations, and  are  ultimately  worn  out. 

The  stereotype-founder  takes  a  copy  of  the  entire  mass  of  type 
in  plaster  of  Paris;  this  is  dried  in  an  oven,  and  placed  face 
i/mrnwards  within  a  cast  iron  mould,  like  a  covered  box,  open 

at  the  four  top  corners.  The  mould  and  plaster-cast  are  heated 

to  the  fusing  temperature  of  the  type-metal,  and  gradually  low- 
1  into  a  pan  or  bath  of  the  same  by  means  of  a  crane  ;  the 

hot  fluid  metal  runs  in  at  the  corners  of  the  mould,  and  raises 

the  inverted  plaster,  which  latter  would  rise  entirely  to  the 
surface  but  for  the  restraint  of  the  cover  of  the  mould. 

Type-metal  is  about  eleven  times  as  heavy  as  water  ;  and  if  the 
mould  be  immersed  four  inches  below  the  surface,  it  is  subjected 

to  a  pressure  equal  to  that  of  a  column  of  water  forty-four  inches 
high,  or  of  above  two  pounds  upon  every  square  inch. 

The  necessity  of  this  arrangement  is  shown  when  a  few  ounces 

of  type-metal  are  poured  from  a  ladle  on  the  face  of  the  plaster  ; 
the  metal  looks  like  a  dump,  almost  without  any  mark  of  the 

i-.s,  whereas  the  stereotype-cast  is  nearly  as  sharp  as  the 
original  type.     The  immersion  fulfils  the  same  end  as  the  jerk 
of  the  hand-caster,  or  of  the  pump  occasionally  employed  ;  and 
the  long  continuance  of  the  mould  in  the  fluid  metal  allows 

ample  time  for  the  air  to  escape  in  bubbles  to  the  surface  ;  n: 
•li  the  mould  is  raised  and  cooled  in  a  vessel  of  water,  and 

,.la>ter  i-  mostly  destroyed  in  its  removal. 
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Plaster  of  Paris,  although  it  may  be,  and  frequently  is  used 
for  the  fusible  metals,  such  as  lead,  tin,  and  pewter,  cannot  be 

employed  alone  for  iron,  copper,  brass,  and  many  other  metals, 
the  intense  melting  heats  of  which  would  calcine  the  material, 
and  cause  it  to  crumble ;  even  the  soft  metals  should  not  be 

very  hot,  or  they  will  make  the  plaster  of  Paris  blister  off  in 
flakes  or  dust.  We  must  therefore  seek  a  substitute  better 

capable  of  enduring  the  heat,  and  likewise  susceptible  of  receiving 
definite  forms;  for  which  purpose  damp  sand,  with  a  small 
natural  or  subsequent  admixture  of  clay  or  loam,  is  found  to  be 

perfectly  adapted. 

The  moulding- sand  cannot  however  be  used  without  external 
support,  and  which  is  given  by  shallow  iron  frames  without  tops 

or  bottoms,  called  flasks,  represented  in  -figs.  160  and  161.  The 
bottom  part,  4,  5,  is  supposed  to  have  been  rammed  full  of  sand, 
and  to  stand  upon  a  flat  board,  6.  The  model  of  the  plain  flat 
bar  which  is  to  be  cast,  is  now  laid  on  the  surface  of  the  sand, 

that  of  the  round  bar  is  embedded  half  way  in  the  same,  and 
the  mould  is  dusted  with  dry  parting  sand. 

Fig.  160. 

161. 

The  top  part  of  the  flask  2,  3,  is  shown  still  empty,  and  in  tl 
act  of  being  attached  to  4,  5,  by  its  pins,  which  enter  correspom 
ing  holes  in  the  latter,  easily,  but  without  shake :  2,  3,  is  als 
rammed  full  of  sand,  and  covered  with  a  top  board,  1,  not  repi 
sented,  to  avoid  confusion.     The  mould  is  now  opened,  the 
models  are  removed,  and  channels  are  scooped  out  from  the  ends 
of  the  cavities  left  by  the  models,  to  the  hollows  or  pouring  holes 



REMARKS   ON    FOUNDRY    PATTEK 

at  the  end  of  the  flask;  the  parts  arc  all  replaced  in  the  order 

1  to  '-,  represented  in  fig.  160,  and  the  whole  are  fixed  together 
liy  screw  clamps,  so  as  to  assume  the  condition  of  fig.  1»;  1. 

flask  is  now  placed  almost  perpendicularly  beside  the 

pouring-trough,  and  the  metal  is  poured  into  it  from  the  crucible 

as  shown  in  ti^.  1  •">-%  p.  306  ;  hut  the  fla.sk  if  small  is  put  on  the 
Mirface  of  the  pouring  or  spill-trough,  and  propped  up  with 
a  short  bar. 

This  brief  sketch  of  the  entire  process  of  moulding  and  casting 
in  sand  moulds,  will  be  now  followed  by  some  remarks  in  greater 

detail :  first,  on  the  patterns  of  the  objects  to  be  cast;  secondly, 
on  the  conditions  required  in  the  sand ;  and  thirdly,  the  process 
of  moulding  simple  and  solid  bodies.  The  section  then  follow- 

ing will  be  devoted  to  moulding  cored  works,  and  figures,  after 
which  a  few  lines  will  be  given  upon  the  subject  of  filling  the 
moulds. 

SECT.  III. — PATTERNS,  MOULDS,  AND  MOULDING  SIMPLE  OBJECTS. 

THE  perfection  of  castings  depends  much  on  the  skill  of  the 

pattern-maker,  who  should  thoroughly  understand  the  practice 
of  the  moulder,  or  he  is  liable  to  make  the  patterns  in  such  a 

muniier  that  they  cannot  be  used,  or  at  any  rate  be  well  used. 

Straight-grained  deal,  pine,  and  mahogany,  are  the  best  woods 
for  making  patterns,  as  they  stand  the  best ;  screws  should  be 

1  in  preference  to  nails,  as  alterations  are  then  more  easily 
made  in  the  models,  and  glue  joints,  such  as  dovetails,  tenons, 

and  dowels,  are  also  good  as  regards  the  after  use  of  the  saw 
and  plane  for  corrections  and  alterations. 

Foundry  patterns  should  be  always  made  a  little  taper  in  the 

s  which  enter  most  deeply  into  the  sand,  in  order  to  assist 
their  removal  from  the  same,  when  their  purposes  will  not  be 

materially    interfered   with   by   such  tapering.     The    pattern- 
iierefore,  works  most  of  the  thicknesses,  and  the  sides 

dges,  both  internal  and  external,  a  little  out  of  parallel  or 

square,  perhaps  as  much  as  about  one-sixteenth  to  one-eighth 
of  an  inch  in  the  foot,  sometimes  much  more. 

When  foundry  patterns  are  exactly  parallel,  the  friction  of 
the  sand  against   their  sides  is  so  great  when  they  penetrate 

ly,  that  it  requires  considerable  force  to  extract  them;  and 
h  violence  tears  down  the  sand,  unless  the  patterns  are 



328  REMARKS   ON    FOUNDRY    PATTERNS. 

much  knocked  about  in  the  mould,  to  enlarge  the  space  around 

them.  This  rough  usage  frequently  injures  the  patterns,  and 
causes  the  castings  to  become  irregularly  larger  than  intended, 
and  also  defective  in  point  of  shape,  from  the  mischief  sustained 
by  the  moulds ;  all  which  evils  are  much  lessened  when  the 

patterns  are  made  consistently  taper  and  very  smooth. 
It  must  be  distinctly  and  constantly  borne  in  mind,  that 

although  patterns  require  all  the  methods,  care,  and  skill,  of 

good  joinery  or  cabinet-making,  they  must  not,  like  such  works, 
be  made  quite  square  and  parallel,  for  the  reasons  stated.  Sharp, 
internal  angles  should  in  general  be  also  avoided,  as  they  leave  a 
sharp  edge  or  arris  in  the  sand,  which  is  liable  to  be  broken 
down  in  the  removal  of  the  pattern  ;  or  to  be  washed  down  on 

the  entry  of  the  metal  into  the  mould.  Either  the  angle  of  the 
model  should  be  filled  with  wood,  wax  or  putty,  or  the  sharp 
edges  of  the  sand  should  be  chamfered  off  with  the  knife  or 

trowel.  Sharp  internal  angles  are  very  injudicious  in  respect 
also  to  the  strength  of  castings,  as  they  seem  to  denote  where 

they  will  be  likely  to  break ;  and  more  resemble  carpentry  than 
good  metallic  construction. 

Before  the  patterns  reach  the  founder's  hands,  all  the  glue 
that  may  have  been  used  in  their  construction  should  be  care- 

fully scraped  off,  or  it  will  adhere  to  and  pull  down  the  sand. 

The  best  way  is  to  paint  or  varnish  wooden  patterns,  so  as  to 

prevent  them  from  absorbing  moisture,  as  they  will  then  hang 
to  the  sand  much  less,  and  will  retain  their  forms  much  better. 

Whether  painted  or  not,  they  deliver  more  freely  from  the  mould 
when  they  are  well  brushed  with  black  lead,  like  a  stove. 

In  patterns  made  in  the  lathe,  exactly  the  same  conditions  are 
required ;  the  parts  which  enter  deeply  into  the  sand  should  be 
neither  exactly  cylindrical  nor  plane  surfaces,  but  either  a  little 
coned,  or  rounding,  as  the  case  may  be ;  and  the  internal  angles 
should  not  be  turned  exactly  to  their  ultimate  form,  but  rather 
filled  in,  or  rounded,  to  save  the  breaking  down  of  the  sharp 
edges  of  the  mould. 

Foundry  patterns  are  also  made  in  metal ;  these  are  very 
excellent,  as  they  are  permanent ;  and  when  very  small  are  less 

apt  to  be  blown  away  by  the  bellows  used  for  removing  the 
loose  sand  and  dust  from  the  moulds.  To  preserve  iron  patterns 

from  rusting,  and  to  make  them  deliver  more  easily,  they  should 
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allowed  to  get  slightly  ru>ty,  hy  lying  one  night  on  the  damp 

mil ;  next,  they  should  be  warmt'il  Milliciently  to  melt  bces'-wax, 
ihich  is  then  rubbed  all  over  them,  and  in  great  part  removed, 
and  then  polished  with  a  hard  brush  when  cold.     Wax  is  also 

I  by  the  founder  for  stopping  up  any  little  holes  in  the  wooden 
patterns;  whiting  is  likewise  employed,  as  a  quicker  but  less 
careful  expedient;  and  very  rough  patterns  are  seared  with  a 
hot  iron.     The  good  workman  however  leaves  no  necessity  for 

these  correct ii ms,  ami  the  perfection  of  the  pattern  is  well  repaid 
hy  the  superior  character  of  the  castings. 

Metal  patterns  frequently  require  to  have  holes  tapped  into 
them,  for  receiving  screwed  wires,  by  way  of  handles  for  lifting 

them  out  of  the  sand ;  and  in  like  manner,  large  wooden  pattern  - 
should  have  screwed  metal  plates  let  into  them  for  the  same 

purpose,  or  the  founder  is  compelled  to  drive  pointed  wires  into 

them,  to  serve  as  handles,  which  is  an  injurious  practice. 

The  flasks  or  casting-boxes  for  containing  the  sand,  are  made 
of  various  sizes;  each  side  is  about  2  to  3  inches  deep;  they 
are  poured  at  the  edge  when  placed  nearly  vertical,  but  for 

large  brass  works  the  practice  of  the  iron-founder  is  generally 
followed,  who  mostly  pours  his  work  horizontally,  through  a  hole 
in  the  top,  as  will  be  explained.  The  pins  of  the  flask  should  fit 
easily  but  without  shake,  or  the  two  halves  will  shift  about  and 
cause  a  disagreement  or  slip  in  the  casting.  The  tools  used  in 
making  the  moulds  are  few  and  simple;  namely,  a  sieve,  shovel, 
rammer,  strike,  mallet,  a  knife,  and  two  or  three  loosening  wires 
and  little  trowels,  which  it  is  unnecessary  to  describe. 

The  principal  materials  for  making  foundry  moulds  are  very 

fine  sand  and  loam;  they  are  found  mixed  in  various  propor- 
tions, so  that  the  respective  quantities  proper  for  different  uses 

cannot  be  well  defined;  but  it  is  always  judicious  to  employ  the 

least  quantity  of  loam  that  will  suffice.*  These  materials  are 
seldom  used  in  their  new  or  recent  states  for  brass  castings, 

although  more  so  for  iron,  and  the  moulds  made  of  fresh  sand 

are  always  dried  as  will  be  explain 
The  ordinary  moulds  are  made  of  the  old  damp  sand,  and  they 

are  generally  poured  immediately  or  whilst  they  are  green; 

•  The  braM-fotuuton'  sand  and  loam  used  in  the  metropolis  are  principally 

obtained  from  Hampstoad,  the  iron -founders'  sand  from  Lewiaham  likewise. 
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sometimes  they  are  more  or  less  dried  upon  the  face.  The  old 

working  sand  is  considerably  less  adhesive  than  the  new,  and  of 
a  dark  brown  colour ;  this  arises  from  the  brick  dust,  flour  and 

charcoal  dust,  used  in  moulding,  becoming  mixed  with  the 

general  stock,  which  therefore  requires  occasional  additions  of 
new  sand  or  loam,  so  that  when  slightly  moist  and  pressed  firmly 
in  the  hand,  it  may  form  a  moderately  hard  compact  lump. 

Red  brick-dust  is  generally  used  to  make  the  partings  of  the 
mould,  or  to  prevent  the  damp  sand  in  the  separate  parts  of  the 
flask  from  adhering  together. 

The  face  of  the  mould  which  receives  the  metal,  is  generally 

dusted  with  meal-dust,  or  waste-flour;  but  in  large  works, 
powdered  chalk,  and  also  wood  or  tan  ashes,  are  used,  from 
being  cheaper.  The  moulds  for  the  finest  brass  castings  are 
faced  either  with  charcoal,  loamstone,  rottenstone,  or  a  mixture 

of  the  same ;  the  moulds  are  frequently  inverted  and  dried  over 
a  dull  fire  of  cork  shavings,  or  when  dried  they  are  smoked  over 

pitch  or  black  resin  lighted  in  an  iron  ladle.  * 
The  cores  or  loose  internal  parts  of  the  moulds  for  forming 

holes  and  recesses,  are  made  of  various  proportions  of  new  sand, 

loam  and  horse-dung,  as  will  be  explained  in  the  section  on  cored 
works.  They  all  require  to  be  thoroughly  dried,  and  those 

containing  horse-dung  must  be  well  burned  at  a  red  heat ;  this 

consumes  the  straw  and  makes  them  porous  and  of  a  brick-red. 
In  making  the  various  moulds,  it  becomes  necessary  to  pursue 

a  medium  course  between  the  conditions  best  suited  to  the 

formation  of  the  mould,  and  those  best  suited  to  filling  them 

with  the  red-hot  metal,  without  risk  of  failure  or  accident. 
Thus,  within  certain  limits,  the  more  loam  and  moisture  the 

sand  contains,  and  the  more  closely  it  is  rammed,  the  better  will 
be  the  impression  of  the  model;  but  at  the  same  time,  the  moist 
and  impervious  condition  of  the  mould  would  then  incur  the 
greater  risk  of  accident,  both  from  the  moisture  and  from  the 

non-escape  of  the  air;  therefore  the  policy,  on  the  score  of 
safety,  is  to  use  the  sand  as  dry  as  practicable,  so  as  to  avoid 

the  delay  of  after-drying,  and  also  to  keep  the  mould  porous. 
The  founder,  therefore,  compromises  the  matter  by  using  a 

*  The  gold  and  silver  casters  frequently  use  a  lighted  link  for  facing  their  sand- 
moulds,  and  some  of  the  type-founders'  metallic  moulds  are  smoked  over  a  lamp ; 
all  these  modes  deposit  a  fine  layer  of  soot  upon  the  moulds. 
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little  fact, ni  8and  contaiuiug  rather  more  loam,  for  the  face  of 

the  u'iv.  ii  moulds  for  general  work ;  nml  in  those  cases  where 
much  loam  is  u»  moulds  are  thorout/hly  dried  by  heat, 

which  is  not  generally  necessary  with  ordinary  sand  mould*. 
The  power  of  conducting  heat  is  considerably  less  in  red-hot 

iron  than  in  copper  and  brass,  and  therefore  the  moulds  for  the 
latter  require  to  be  in  a  drier  condition  than  those  which  may 
be  used  for  iron ;  but  in  either  case  the  presence  of  superfluous 
moisture  is  always  attended  with  some  danger  to  the  individual 

as  well  as  to  the  work.* 
Another  point  has  also  to  be  considered :  as  castings  contract 

considerably  in  cooling,  in  moulding  large  and  slight  works  the 
face  of  the  mould  must  not  be  too  strongly  rammed,  nor  too 

much  dried,  or  its  strength  may  exceed  that  of  the  red-hot 
metal,  whilst  in  the  act  of  shrinking.  The  result  would  be,  that 

in  contract  inur,  the  easting  would  be  rent  or  torn  asunder  from 
the  restraint  of  the  mould;  whereas  it  should  have  the  prepon- 

derance of  strength,  so  as  to  pull  down  the  face  of  the  sand 

instead  of  being  itself  destroyed.  But  the  exact  condition  both 
of  the  mould  and  of  the  melted  metal,  must  be  determined  by 

the  nature  of  the  object  to  be  cast;  matters  which  can  be  only 
referred  to  with  the  development  of  the  practice  of  the  foundry, 
and  upon  which  we  shall  now  commence. 

The  sand  having  been  prepared,  and  the  appropriate  flask  and 

boards  selected,  the  moulder  first  examines  every  pattern  sepa- 
rately, to  determine  the  most  appropriate  way  of  inserting  it  in 

the  flask,  as  explained  by  fig.  140,  p.  319;  also  to  see  that  pat- 
terns, such  as  /  and  h,  therein  shown,  are  smallest  at  the  part- 

entering  the  most  deeply  into  the  sand,  in  order  that  they  may 
deliver  well.  It  should  also  be  noticed  whether  they  are  perfect  1  y 

looth,  and  that  there  is  no  glue  hanging  about  them,  which 
rould  cause  them  to  adhere  and  to  pull  down  the  moist  sand. 
The  bottom  flask,  4,  5,  p.  32G,  is  placed  on  a  board  not  less 

than  an  inch  or  two  longer  and  wider  than  itself,  with  the  face  4, 

*  TheaboTO  u  the  r«»on  generally  assigned  for  the  fact,  that  the  iron-founders 
may  and  do  use  their  moulds  with  safety  when  sensibly  more  moist  than  ia  admis- 

sible for  bnps  and  copper  cartings.  It  is  confirmatory  of  the  fact  that  the  more 

dense  the  mould,  the  drier  it  must  be :  as  the  sand  used  by  iron-founders  is  also 
coarser  and  therefore  more  porous  than  that  employed  by  brass-founder*. 
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downwards,  and  it  is  filled  from  the  side  5.  A  small  portion  of 

the  strong  facing-sand  is  rubbed  through  a  fine  sieve;  the 
remainder  is  thrown  in  from  the  trough  with  the  shovel,  and  the 
moulder  drives  the  whole  moderately  hard  into  the  flask,  either 
with  a  mallet,  the  handle  of  the  spade,  or  other  rammer ;  or  else 

he  jumps  up  by  aid  of  the  rope  suspended  from  the  ceiling,  and 
treads  the  sand  in  with  his  feet.  The  surface  is  then  struck  off 

level  with  a  straight  metal  bar  or  scraper,  a  little  loose  sand  is 

sprinkled  on  the  surface,  upon  which  another  board  is  placed, 
and  rubbed  down  close. 

The  two  boards  and  the  flask  contained  between  them,  are 

then  all  three  turned  over  together;  this  requires  them  to  be 

brought  to  the  front  of  the  moulding-trough,  so  that  the  indivi- 
dual may  rest  his  chest  against  them,  and  his  fore-arms  upon 

the  edges  of  the  top  board ;  he  then  grasps  the  three  together 
at  the  back  part  with  his  outstretched  hands,  and  thus  retained 

in  contact,  the  whole  are  quickly  turned  over  upon  the  front  edge 

of  the  moulding-trough,  and  then  slid  back  upon  the  transverse 
bearers  or  blocks,  to  the  usual  position. 

The  top  board  is  afterwards  taken  off,  the  clean  surface  of 

moist  sand  then  exposed,  is  well  dusted  over  with  red  brick- 
dust  crushed  fine  and  contained  in  a  linen  bag :  the  mouth  of 
the  bag  is  held  in  the  right  hand,  and  the  bottom  corner  in  the 
left,  and  both  hands  are  shaken  up  and  down  together,  to  scatter 
the  dry  powder  uniformly  over  the  flask ;  a  part  of  the  loose 

powder  is  removed  with  the  hand-bellows,  and  the  bottom  half 
of  the  mould  is  then  ready  for  receiving  the  patterns. 

The  models  are  next  arranged  upon  the  face  of  the  sand  at  4, 
so  as  to  leave  space  enough  to  prevent  the  parts  breaking  one 
into  the  other,  and  also  for  the  passages  by  which  the  metal  is 
to  be  introduced,  and  the  air  allowed  to  escape.  When  there 
are  only  two  or  three  pieces  to  be  cast,  a  separate  runner  is 
often  made  to  each  of  them  from  one  of  the  holes  in  the  end  of 

the  flask ;  when  several  small  patterns  are  to  be  moulded,  they 
are  arranged  on  both  sides  a  central  runner,  or  ridge,  from  which 
small  passages  lead  into  every  section  of  the  mould.  The  whole 
mass  when  poured  has  been  compared  to  a  great  fern  leaf  with 
its  leaflets,  and  is  usually  called  a  spray. 

Those  patterns  which  are  cylindrical  or  thick,  are  partly  sunk 
in  the  sand,  by  scraping  out  hollow  recesses  with  the  bowl  of  an 



eld  copper  spoon,  and  knocking  the  model  into  the  sand  with  a 
mullet ;  afterwards  the  general  surface  is  repaired  to  agreement 
with  the  ttidun  trical  line  of  the  model,  or  its  largest  section,  as 
the  case  may  be,  by  means  of  a  knife  or  a  little  piece  of  sheet 
steel,  something  like  the  worn-out  blade  of  a  dessert-knife  bent 
up  a  little  at  the  end,  or  else  with  very  small  trowels. 

After  the  sand  is  made  good  to  the  edges  of  the  patterns  the 

brick-dust  is  again  shaken  over  them,  so  that  the  patterns  may 
receive  a  slight  share  as  well  as  the  general  surface  of  the  sand. 
The  upper  part  of  the  flask  2,  3,  is  then  fitted  to  the  lower,  or 

4,  5,  by  the  pins,  and  this  half  likewise  is  made  up;  first  a  little 

strong  sand  is  sifted  in,  it  is  then  filled  up  from  the  trough, 
rammed  down,  and  struck  off  as  before,  the  dry  powder  serving 
to  prevent  the  two  halves  from  sticking  together. 

In  order  to  open  the  mould  for  the  extraction  of  the  models, 

a  board  is  placed  on  the  top  of  flask  2,  3,  and  struck  smartly  at 
different  parts  with  the  mallet,  the  tool  is  then  laid  aside,  and 

the  upper  part  of  the  flask  and  its  board  are  lifted  up  very  gently 
ant/  tjirite  level,  after  which  it  is  inverted  on  its  board,  and  now 
each  of  the  inner  faces  of  the  mould  is  exposed.  Should  it 

happen  that  any  considerable  portion  of  the  mould,  say  a  part 
as  large  as  a  shilling,  is  broken  down  in  one  piece,  the  curity  is 
moistened  with  the  end  of  the  knife,  the  mould  is  again  carefully 

closed,  and  lightly  struck  before  the  removal  of  the  patterns  ;  it 
is  probable  on  the  second  lifting  such  piece  will  be  picked  up. 

The  breaks  are  carefully  repaired  before  the  extraction  of  the 

patterns,  to  effect  which  they  are  driven  slightly  sideways  with 
blows  of  the  mallet  given  on  a  short  wire  or  punch,  so  as  to  loosen 

them  by  enlarging  the  space  around  them ;  the  patterns  are  then 
lilted  out  very  carefully  with  the  finger-nails,  or  sometimes  a 
pointed  wire  is  driven  a  little  way  into  the  pattern  to  serve  as 

a  handle  to  lift  it  by :  *  this  process  requires  some  delicacy  not 
to  tear  away  the  sand,  which  accident  must  be  carefully  repaired, 
sometimes  by  replacing  the  loose  pieces,  at  other  times  with  a 
little  new  ssuid  picked  out  of  am  unused  part  of  the  mould. 

Should  the  flask  only  contain  one  or  two  objects,  the  ingate  or 
runner  is  now  scooped  out  of  the  sand,  so  as  to  lead  from  the  object 

to  the  pouring  hole,  and  when  several  objects  are  contained, 

*  A  steel  wire,  pointed  and  hardened,  is  convenient  as  a  picker  out,  and  when 
fixed  in  the  pattern  and  struck  sideways  it  sen-en  M  a  looteniny  bar  likewise. 
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a  large  central  channel,  and  lesser  passages  sideways,  are  made 

as  before  mentioned.  The  entrance  round  about  the  pouring- 
hole  is  smoothed  and  compressed  with  the  thumb  that  it  may 
not  break  down  when  the  metal  is  poured,  and  all  the  loose  sand 

is  carefully  blown  out  of  the  mould,  both  parts  of  which  may 
be  placed  edgeways  for  the  more  convenient  application  of  the 
bellows  if  necessary. 

The  succeeding  processes  are  to  dust  the  faces  of  both  halves  of 
the  mould  with  meal  dust  or  waste  flour,  as  explained  with  regard 
to  the  brick  dust,  and  to  replace  the  mould  and  boards:  the  whole 

of  them  are  then  carried  to  the  spill-trough,  upon  the  edge  of 
which  they  are  rested  whilst  the  one  board  is  placed  exactly 
level  with  the  end  of  the  flask,  but  the  board  on  the  side  from 

which  the  crucible  will  be  poured,  is  placed  about  two  inches 

below,  as  in  fig.  161,  p.  326,  and  the  hand-screws  are  fixed  on  as 
shown.  The  mould  is  now  held  mouth  downwards,  that  any  sand 
loosened  in  the  screwing  down  may  be  allowed  to  fall  out,  and  the 

flask,  according  to  its  size,  is  supported  either  on  the  ground  or 
on  the  surface  of  the  trough  by  aid  of  a  little  bar  resting  against 
the  clamp :  it  is  now  quite  ready  to  be  filled,  the  particulars  of 
which  process  will  be  described  when  the  remarks  on  moulding 
are  concluded. 

In  works  that  require  the  first  side  or  3,  4,  to  be  cut  away  for 

embedding  the  models,  it  is  usual  when  the  second  part  or  2,  3, 
has  been  made,  to  destroy  the  first  or  false  side,  (which  is  only 

hastily  made,)  and  to  repeat  it  in  a  more  careful  manner  by 
inverting  the  lower  flask  upon  2,  3,  proceeding  in  all  other 

respects  as  before,  by  which  means  a  much  more  accurate  and 
sound  mould  is  produced. 
When  many  copies  of  the  same  patterns  are  required,  an  odd 

side  is  prepared,  that  is,  a  flask  is  chosen  to  which  there  are  two 

bottom  sides,  4,  5.  One  of  these  latter  is  very  carefully  arranged 
with  all  the  patterns,  but  which  are  only  embedded  barely  half 
way,  so  that  when  2,  3,  is  filled  and  both  are  turned  over,  the 

whole  of  the  patterns  are  left  in  the  new  side  ;  a  second  side,  4,  5, 
is  moulded  to  serve  for  receiving  the  metal,  as  the  mould  is 
destroyed  every  time  the  metal  is  poured  in.  By  this  plan  the 

trouble  of  re-arranging  the  patterns  for  every  separate  mould  is 
saved,  as  they  are  merely  replaced  in  the  odd  side,  and  the 
routine  of  forming  the  two  working  sides  is  repeated. 
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SECT.    IV.   MOULDING    CORED    WORKS. 

Ir  the  objects  to  be  cast  require  to  be  so  moulded  that  when 

leave  tlu-  .sand  they  may  contain  one  or  several  holes,  they 
are  said  to  be  cored,  and  in  Mich  cases  a  variety  of  methods  arc 

i  for  introducing  internal  moulds  or  cores,  which  shall 
intercept  the  flow  of  the  metal,  and  prevent  it  from  forming  one 

solid  mass  at  those  respective  parts.  For  example,  the  pins 

in-erted  iu  the  pcwtcrers'  moulds,  figs.  146  and  149,  pages 

•"> .'  1  and  322,  for  producing  the  holes  in  the  joints,  are  essen- 
tially cores.  Various  other  methods  are  pursued,  the  three 

most  usual  of  which  arc  represented  in  figs.  162,  163,  and  164; 
the  upper  figures  show  the  exact  sections  of  the  three  models  or 

casting  patterns ;  the  lower  figure  represents  the  two  halves  of 
the  mould,  which  are  respectively  shaded  with  perpendicular  and 
horizontal  lines,  the  cores  are  shaded  obliquely ;  and  the  white 
open  spaces  show  the  hollows  to  be  occupied  by  the  metal  when 

it  i->  puured  in. 
First.  M  any  works  are  said  to  deliver  their  own  cores ;  of  such 

kind  is  fig.  102,  in  which  the  cavity  extends  through  the  model, 

and  exactly  represents  that  which  is  required  in  the  casting ; 
the  hole  is  either  made  quite  parallel,  or  a  little  larger  one  side 
than  the  other,  and  gradually  taper  between  the  two.  In  some 
cases,  when  the  hole  is  sufficiently  taper,  it  delivers  its  own  core 
M  a  continuation  of  the  general  mass  of  sand  filling  the  one  side 
of  the  flask  ;  but  in  many  or  most  cases,  the  space  in  the  model 
is  rammed  full  of  strong  sand  at  first,  and  it  is  then  moulded  as 

if  to  produce  a  plain  solid  casting.  Before  the  mould  is  finally 

closed  for  pouring,  the  sand  core  is  pushed  carefully  out  of 
I''::. 164. 

.  and  inserted  in  the  mould ;    to  denote  its  precise 
<ition,   one  side  of  the  core  is  scored  with  one  or  two  deep 
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marks  in  the  first  instance,  which  cause  similar  ridges  or  guides 
in  the  mould. 

Secondly.  When  the  hole  extends  only  part  way  through,  the 
hole  of  the  pattern,  fig.  163,  is  fitted  with  a  solid  plug,  sawn  and 
filed  out  of  soft  unburnt  brick,  principally  sand,  (or  the  common 
Flanders  brick,)  the  core  is  made  long  enough  to  project  about 
as  much  as  its  own  diameter,  and  the  work  is  moulded  as  if  to 

be  cast  with  a  solid  pin  instead  of  a  hole.  The  last  step  is  to 
extract  the  filed  core,  and  to  insert  it  into  the  hollow  formed  by 
itself  in  the  flask. 

Thirdly.  The  patterns  for  iron  work  and  some  others  are  mostly 

made  with  prints  instead  of  holes,  as  in  fig.  164,  that  is,  the  pattern- 
maker places  square  or  round  pieces  on  one  or  both  sides  of  the 

pattern,  where  the  square  or  round  holes  are  respectively 

required ;  and  the  founder  has  moulds  for  forming  cores  of  cor- 
responding diameters  or  sections,  and  in  lengths  of  about  two  to 

twelve  inches;  short  pieces  of  which  are  cut  off  as  may  be  required. 

For  example,  some  core-boxes  are  made  like  fig.  163,  for 
cylindrical  cores ;  these  divide  through  the  axis,  and  are  kept  in 

position  by  pins',  at  the  time  when  they  are  rammed  they  are 
fixed  together  by  wood  or  iron  staples,  embracing  three  sides  of 
the  mould,  or  else  by  screw  clamps.  For  straight  cores,  say  one 

inch  wide,  twelve  inches  long,  and  half-inch  thick,  the  pieces  of 
wood,  fig.  166,  are  also  one  inch  thick,  with  an  opening  between 

them  of  twelve  inches  long  and  half-inch  wide.  This  core-box  is 
laid  on  a  flat  board;  it  is  also  held  together  with  clamps,  but  with- 

out pins  in  the  core-box,  as  the  projection  at  the  one  end  gives  the 
position,  it  is  rammed  flush  with  both  sides,  and  the  two  parts  can 

Figs.  165. 166. 

be  then  separated  obliquely.     If  it  is  preferred  to  make  the  cores 

to  the  precise  lengths  instead  of  cutting  them  off,  this  core-box 
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'f  contraction  in  length,  in  tin-  manner  of  the  type  mould, 
,  p.  323,  nud  by  placing  thin  slips  between  the  two  halves 

it  may  In-  temporarily  increased  in  width,  but  not  in  thickness. 

a    similar  core-box  for  a   casting  with    circular 
:  this   mini  ITS  cither  pins  or  projections  at  each  end, 

as  it  cannot  be  opened  obliquely.     Core  boxes  are  sometimes 
made  of  plaster  of  Paris,  wood  is  much  better,  and  metal  the 
best  of  all. 

iv  works  require  core-boxes  to  be   made   expressly  for 
i  ;  thus  the  dotted  line  in  fig.  1G5  shows  an  enlargement 

in    the   center   for   coring  a  hole   of  that   particular   section. 
.  ItlS  and  169,  represent  the  two  halves  of  a  brass  or  lead 

core-box  suitable  to  the  stop-cock,  fig.  170  ;  and  fig.  171  shows 
the  c«>re  itsi  If  after  its  removal  from  the  part  1G9,  in  which  it  is 
also   figured.     In    170,   the  model  from   which    the   object  is 

moulded,  the  shaded  parts  represent  the  projections,  or  core- 

's, which  i//>j>ii/it  within  the  mould  the  places  where  the  ex- 
Cities  of  the  core,  fig.  171,  are  supported  when  placed  therein. 

\arions  kinds  of  core-boxes  are  rammed  full  of  new  sand, 

sometimes  with  extra  loam,  the  long  cores  are  strengthened  by 
hey  are  carefully  removed  from  the  boxes  and  thoroughly 

dried  before  use,  in  the  oven  prepared  for  the  purpose.* 
Fig.  172  represents  several  examples  of  coring:  in  this  view 
works  are  represented  of  their  ultimate  forms,  that  is,  with 

the  holes  in  them;  in  fig.  173,  the  models  are  arranged  in  the 
.  N  \\itlithe   runners  all  prepared,  the  prints  of  the  cores 

beinur  in  cu TV  ease  shaded  for  distinction.     Thus  a  is  the  stop- 
.,  of  which  explanation  has  been  already  given  ;  b,  has  a 

t  and  a  circular  mortise ;  this  pattern  tlt'llvcrs  its  own  core, 
manner  referred  to  in  fig.  102,  as  the  model  is  made  Avith 

-  like  the  finished  work:  c,  only  requires  a  perpendicular 
core;  d,  a  round  core  parallel  with  the  face  of  the  flask, 

ul  in  this  manner  all  tubes  and  sockets  are  cast,  whether  of 

uniform  or  irregular  bore,  gee  fig.  105;  e,  has  two  rectangular 

•  <  nher*  prefer  mod,  hone-dung,  and  a  very  little  loam,  for  making  core* ; 
th«M  are  dried,  an<l  then  well  burned,  for  which  purpose  they  are  put  into  an  empty 

thin  the  fire,  the  last  thing  at  night,  and  allowed  to  remain  until  the 

morning.     This  consume*  the  small  particle*  of  straw,  and  render*  them  more 

i.-S  in  consequence  of  which  the  works  become  sounder  from  tho  free  escape 
of  air.  the  necessity  of  which  was  adverted  to  in  tho  earlier  part  of  this  subject, 
•nd  cannot  be  too  much  insisted  upon. 

vou  i.  * 
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cores  crossing  each  other  at  right  angles ;  and  /,  is  the  cap  of  a 

double-acting  pump,  the  core  for  which  is  shown  in  section  by 
the  white  part  of  fig.  174,  the  shaded  portions  being  the  metal : 
the  great  aperture  leads  to  the  piston,  the  two  smaller  are  for 

valves  opening  inwards  and  outwards ;  this  of  course  requires  a 

metal  core-box  capable  of  division  in  two  parts,  and  made 
exactly  to  the  particular  form. 

Fig.  172. 

In  addition  to  the  cores  used  for  making  holes  and  mortises, 

much  ingenious  contrivance  is  displayed  in  the  cores  employed 

for  other  works  of  every-day  occurrence,  the  undercut  parts  of 
which  would  retain  them  in  the  sand  but  for  the  employment  of 

these  and  analogous  contrivances.  It  will  be  now  readily  under- 
stood that  if,  in  the  fig.  141,  p.  319,  the  parts  shaded  obliquely 

were  separate,  there  would  be  no  difficulty  in  removing  first  the 
upper  half  of  the  flask,  then  the  false  cores,  after  which  the 

patterns  would  be  quite  free.  *  By  such  a  method,  however, 
the  circular  edge  of  a  sheave  would  require  at  least  three  such 

pieces,  but  fig.  175  shows  a  different  way  of  accomplishing  the 
same  thing,  when  the  pattern  is  made  in  two  parts  in  the 
manner  represented. 

*  The  term  false  core  IB  employed  by  the  brass  founder  to  express  the  same  thing 
as  the  drawback  of  the  iron  founder.  The  former  calls  every  loose  piece  of  the 
mould  not  intended  for  holes,  a  false  core. 
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entire  modi -1  is  first  knocked  into  the  side  A,  the  sand  is 
away  to  the  inner  margin  <>f  the  pattern  which  terminates 
n  the  dotteil  line  </,  and  the  side  A,  of  the  mould  is  then 

\\ell  dusted;  a   la\  er  of  sand  is  now  thrown  on,  and  rammed 

tolerably  linn   to   form  an  annular  rore,  \\hieh  is  made  exactly 

)e\el  with   the  inner  mar-in  b  of  the  pattern,  and  the  core  is 
well  dusted;  lastly,  the  side  B  is  put  on  and  rammed  as  usual. 
To   extract   the   model,   the    side   B  is   first   lifted,   the   half 

in,  b,  b,  (which  is  shaded,)  is  removed,  and  the  ingate  is 

in  the  side  B,  to  the  edge  of  the  pulley,  the  mould  is  well 
.1  with  flour  and  replaced. 

Fig.  17& 

The  entire  mould  is  now  turned  over,  A  is  first  removed,  then 

the  remaining  half  pattern  a,  a,  which  must  be  touched  very 

tenderly  or  it  will  break  down  the  core;  and  the  runner,  (wliieli 
divides  in  two  branches  around  the  core,)  is  also  scooped  out  in 
the  side  A,  which  is  dusted  with  flour  and  replaced,  ready  for 

pouring.  Common  patterns  not  requiring  cores  are  frequently 
divided  into  two  parts  in  the  above  manner,  so  that  when  the 

mould  is  opened  the  pattern  may  divide  and  remain  half  in  each 
side  ;  this  lessens  the  risk  of  breaking  down  the  mould  and  the 

jndant  trouble  of  afterwards  repairing  it. 

SECT.    V.   REVERSING    AND    FIGURE    CASTING. 

SUPPOSING  that  an  ornament,  represented  in  section  in  fig.  176, 
u  modelled  in  relief,  cither  in  clay  or  wax  upon  u  flat 

sard,  from  which  a  thin  casting  in  brass  is  wanted  without  the 

tablet,  the  process  is  called  reversing,  and  is  to  be  accomplished 
in  any  of  three  ways. 

,  an  empty  flask  is  placed  upon  the  board,  176,  and 
rammed  full  of  sand;  it  assumes  the  appearance  of  177;  the 

second  part  of  the  flask  is  attached  to  177,  and  filled  to  make 

part  178,  which  is  called  the  back-mould;  some  clay  is  then x  2 
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rolled  out  to  the  intended  thickness  of  the  casting,  with  a  cylin- 
drical roller  running  on  two  slips  of  wood  or  on  two  wires,  and 

a  narrow  band  of  this  clay  is 

Fig8-    ,   1 — ^    "^~  ̂ S       placed    on    178,    around   the 17'i.     '  .  '      *  .      ' 
figure,    that   it   may    separate 
177    and  178,  exactly  to  the 

l!'|!l1  required    distance,    ready   for 
receiving  the  metal. 

By  the  second  mode,  177  is 
first  made,  then  178,  and  from 
the  latter  1 7  9  is  moulded,  which 

is  a  counterpart  of  1 7  7 .  A  thin 
sheet  of  clay  is  then  pressed  all 

over  179,  into  every  cavity,  and  cut  off  flush  with  the  plane  sur- 
face of  the  mould,  by  which  it  assumes  the  appearance  denoted 

by  the  double  line  in  179.  After  this  178  is  destroyed,  and  made 

over  again  in  179,  but  so  much  smaller  than  before  as  the  thick- 
ness of  the  clay  lining ;  when  the  new  back-mould,  178,  is  placed 

in  contact  with  177,  it  leaves  the  required  space  for  the  intended 
casting.  This  mode  is  only  preferable  to  the  first,  when  many 
parts  of  the  work  are  nearly  perpendicular ;  in  which  case,  if 

the  first  mode  be  adopted,  a  portion  of  the  back-mould,  177, 

must  be  pared  away  at  the  perpendicular  parts,  and  if  incau- 
tiously performed  there  will  be  a  risk  of  irregularity  of  thickness, 

or  even  of  holes  in  the  casting. 

The  third  mode,  is  to  take  a  casting  of  176  in  plaster  of  Paris; 
when  this  is  thoroughly  dry  it  is  oiled,  and  poured  full  of  a 
cement  of  wax,  grease,  and  red-ochre,  which  is  poured  out  again 
when  partially  set,  leaving  a  thin  crust  behind  (as  in  the  pewter 
handle).  A  second,  a  third,  or  more  layers  of  wax  are  thus 
added  until  the  whole  is  sufficiently  thick,  when  the  wax  shell  is 
extracted,  and  then  moulded  from  in  the  ordinary  manner :  the 
first  brass  casting  is  finished  and  chased  to  serve  as  the  permanent 
pattern.  The  management  of  the  wax  requires  practice. 

In  constructing  such  moulds  additional  care  is  given  to  every 
part  of  the  work ;  for  example,  the  sand  is  sifted  much  finer, 
the  parting  is  made  with  fine  charcoal  dust,  and  the  facing  with 

charcoal  and  rottenstone  mixed  together  in  about  equal  parts, 
the  mixture  being  of  a  slaty  colour;  sometimes  the  loamstone, 
which  is  found  in  the  pits  where  clay  for  making  tiles  is  dutr 
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ic.      Tin-  moulds  HIT  \\rll  dried  in  nil 

!i,  or  over  the  mouth  of  tin*  fnniaer,  and  the  faces  are  nt 
ds  smoked  over  a  dull  fire  of  cork  shavings ;  this  deposits  a 

line  lave  r  of  soot  over  the  face  of  the  mould,  which  -ivatly 
assists  the  running  of  the  metal  ;   when  this  additional   car 

taken  the  works  arc  known  us  fine-castings. 

In  casting  figures,  such  as  busts,  animals,  and  ornaments 
ig  of  branches  and  foliage,  considerably  more  skill  is 

iircd;    the  originals   are  generally  solid,    but   the  moulds 

necessarily  divide  into  very  many  parts.    (See  note  A  A,  p.  '.'7  I, 
Appendix,  Vol.  II.)     Most  persons  will  have  had  the  opportunity 
of  judging  of  the  complexity  of  these  moulds,  from  similar  works 

in  plaster  of  Paris,  which  are  frequently  purchased  by  art 
and  the  virtuosi  before  the  seams  of  the  mould  are  remo\ 

A  glance  at  these  plaster-casts,  at  the  complex  and  undercut 
form  of  many  of  these  ornamental  works,  and  at  the  explanatory 
diagram  on  page  318,  will  convey  some  notion  of  the  method 
to  be  pursued  as  well  as  of  the  trouble  attending  them.  It  is 
shown  for  example,  by  the  diagram  just  referred  to,  that  all 

figured  works  approaching  to  the  circular  or  elliptical  section, 
require  that  the  mould  should  be  divided  into  at  least  three 

parts,  except  under  most  favourable  circumstances.  In  the 
human  figure  and  quadrupeds,  the  four  limbs  and  the  trunk 
require  at  least  three  parts  each,  and  often  many  more ;  it  will 
be  easily  conceived  therefore  that  such  moulded  works  require 

considerable  skill  and  patience. 

•e.  after  piece  of  the  mould  is  successively  produced,  just 
in  makiug  the  core,  fig.  175,  p.  339,  every  piece  embracing 
ly  so  much  of  the  figure,  as  in  no  part  to  require  any  core  to 
:rhang  the  line  in  which  it  is  withdrawn.     The  side  of  the 

in  which  the  figure  is  partly  embedded  is  first  dusted  with 
larcoal,  and  then  the  first  core  is  very  carefully  rammed  into 
e  nook,  and  pared  down  to  the  new  line  of  division ;  the  green 

or  wet  sand  core  is  then  dusted,  and  the  second  core  is  made, 

and  afterwards  dusted,  when  the  moulder  proceeds  with  the 

third  core  and  so  on;  every  one  being  carefully  adapted  to  its 

neighbour  and  withdrawn,  to  see  that  all  is  ri.u'ht,  before  the 

.•cdm-  con-  is  proceeded  with.     The  relative  positions  of  the 

s  amongst  thcmsc'.  readily  recognised  and  maintained 
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by  the  irregularity  of  their  forms,  as  in  a  child's  dissected  map, 
or  by  making  a  notch  or  two  here  and  there,  which  are  faithfully 
copied  in  the  succeeding  piece.  It  is  frequently  necessary  to 
thrust  two  or  more  broken  needles  through  the  green  cores  into 

the  neighbouring  parts  to  connect  them  together,  in  imitation 
of  the  pins  in  the  flasks. 

All  the  parts  of  the  mould  are  dried  in  the  oven,  and  the 
facings  are  smoked  over  a  cork  fire  as  before  explained;  the 

perfection  of  the  casting  is  augmented  by  pouring  whilst  the 
mould  is  still  slightly  warm,  as  otherwise  on  cooling  it  has  an 
increased  affinity  for  damp;  but  the  mould  when  hot  is  more  or 
less  filled  with  aqueous  vapour  which  is  equally  prejudicial. 

When  a  figure,  such  as  a  bust,  is  required  to  be  cast  hollow 
from  a  solid  model,  it  is  first  moulded  exactly  as  above.  The 

core  is  now  produced  as  follows :  at  the  foot  of  the  bust  a  large 
space,  nearly  equal  in  length  and  bulk  to  the  bust,  is  cut  away 
in  the  sand,  to  serve  for  fixing  the  core  in  the  mould,  or  for  the 
balance,  as  it  is  called,  as  the  core  cannot  be  propped  up  at  both 
ends.  The  entire  hollow,  that  is  for  the  bust  and  the  balance, 

is  filled  with  a  composition  of  about  one  part  of  plaster  of 

Paris  and  two  of  sand  or  fine  brick-dust,  mixed  with  a  little 
water  and  poured  in  fluid,  a  few  wires  being  placed  amidst  the 
same  for  additional  support. 

The  mould  is  now  taken  to  pieces  to  extract  the  core,  which 

is  then  dried,  thoroughly  burned,  and  allowed  to  cool  slowly 
(which  the  founder  calls  annealing,  from  a  similar  method  being 

employed  in  annealing  or  softening  the  metals  and  glass) :  the 
core  is  then  returned  to  the  mould,  to  see  that  it  has  not  become 

distorted.  If  needful  the  fitting  around  the  balance  is  made 
good  to  suit  the  reduced  magnitude  of  the  core,  which  latter  is 
then  so  far  pared  away  as  to  leave  room  for  the  thickness  of 

metal ;  this  is  frequently  regulated  by  boring  holes  at  many  parts 

of  the  core  with  a  stop-drill,  having  a  collar  to  prevent  its  pene- 
trating beyond  the  determined  depth ;  the  surface  of  the  core  is 

now  pared  down  to  the  bottoms  of  the  holes,  as  uniformly  as 
possible.  When  the  mould  has  been  faced,  dried  and  smoked, 

the  whole  is  put  together  for  pouring,  for  which  purpose  the 
figure  is  inverted  and  filled  from  the  pedestal. 

Equestrian  and  other  figures  are  sometimes  cast  in  two,  three, 

or  more  pieces,  and  joined  together  by  solder,  screws,  or  wires ; 



SHAM      VMM  -re,    BTC. 

hut  in  all  such  works  the  aim  of  the  founder  is  to  leave  little  or 

nothing  for  the  tin  chaser  to  do. 

Some  objects  which  arc  cither  exceedingly  complex  in  their 
u,  or  soft  and  flexible  in  their  substance,  and  \\hieh  do  not 

therefore  admit  of  being  moulded  in  sand,  in  the  ordinary  manner 
of  figure  casting,  may  be  moulded  for  a  single  copy,  provided 

the  originals  consist  of  substances  which  may  be  cither  readily 
melted  or  burned  into  ashes. 

A  cavity  is  made  in  the  sand  of  the  moulding-trough,  a  little 
<T  and  longer  than  the  object,  or  else  a  wooden  box  of 

appropriate  size  is  procured,  in  the  midst  of  which  the  ua\ 
model  may  be  placed  ;  to  the  end  of  the  model  is  added  a  piece 
to  represent  the  runner,  which  will  be  required  for  introducing 

the  metal.  The  composition  of  one-third  plaster  of  Paris  and 
two-thirds  brick-dust,  mixed  with  water,  the  same  as  for  the 
core  of  the  bust,  is  then  poured  in,  entirely  to  surround  the 
model.  The  mould  is  first  slowly  dried,  it  is  then  inverted  and 
made  warm  to  allow  the  wax  to  run  out,  after  which  it  is  annealed, 

or  burned  to  redness,  and  lastly,  when  cooled,  it  is  buried  in  sand 
and  tilled  with  metal.  The  method  necessarily  throws  the  chance 

of  success  upon  a  single  trial  as  the  model  is  destroyed. 
Should  the  face  of  the  casting  be  required  to  be  particularly 

smooth,  a  small  quantity  of  brick-dust  is  washed,  (in  the  manner 
piMrt^rd  with  emery,  and  to  be  explained,)  and  mixed  with 
very  fine  plaster;  a  coat  of  this  is  brushed  over  the  model,  which 

excludes  air-bubbles,  the  model  is  quickly  placed  in  its  cavity,  and 

the  coarser  mixture  is  poured  in  as  before.* 
The  above  method  exactly  corroborates  a  mode  long  since 

ribed  as  being  suitable  to  casting  copies  of  small  animals 
or  insects,  parts  of  vegetables  and  similar  objects;  these  are  to 

fixed  in  the  center  of  a  small  box,  by  means  of  a  few  threads 

attached  to  any  convenient  parts,  one  or  two  wires  being  added 

to  make  air-holes,  and  ingatcs  for  the  metal.  A  small  quan- 
tity of  river  silt  or  mud,  which  had  been  carefully  washed,  was 

thrown  in  and  spread  around  the  object  by  swinging  tin- 
box  about ;  and  when  partly  dry,  successive  but  coarser  coats 

•>  mode  ww  practiced  in  casting  the  feather  of  the  equettriaa  statue  of 
George  III  erected  in  Pall  Mall,  London. 
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were  thrown  in,  so  as  ultimately  to  fill  up  the  box.  "When  it 
had  become  thoroughly  dry,  the  wires  were  first  removed  from 
the  earthy  mould ;  it  was  then  burned  to  reduce  the  object  to 
ashes,  and  when  every  particle  of  the  model  had  been  blown  out, 

it  was  ready  to  be  filled  with  metal.* 

SECT.    VI. — FILLING   THE    MOULDS. 

HAVING  traced  the  formation  of  various  kinds  of  moulds  for 

brass  work,  we  must  now  return  to  the  furnace  to  see  if  the 

metal  is  in  condition  to  be  poured,  which  is  indicated  by  the 

slight  wasting  of  the  zinc  from  its  surface  with  a  lambent  flame. 

When  this  condition  is  observed,  the  large  cokes  are  first  re- 
moved from  the  mouth  of  the  pot,  and  a  long  pair  of  crucible 

tongs  are  thrust  down  beside  the  same  to  embrace  it  secure!}', 
after  which  a  coupler  is  dropped  upon  the  handles  of  the  tongs  : 
the  pot  is  now  lifted  out  with  both  hands  and  carried  to  the 

skimming-place,  where  the  loose  dross  is  skimmed  off"  with  an 
iron  rod,  and  the  pot  is  rested  upon  the  spill-trough,  against  or 
upon  which  the  flasks  are  arranged. 

The  temperature  at  which  the  metal  is  poured  must  be  pro- 
portioned to  the  magnitude  of  the  works ;  thus  large,  straggling, 

and  thin  castings,  require  the  metal  to  be  very  hot,  otherwise  it 
will  be  chilled  from  coming  in  contact  with  the  extended  surface 
of  sand  before  having  entirely  filled  the  mould :  thick  massive 

castings  if  filled  with  such  hot  metal  would  be  sand-burned,  as 
the  long  continuance  of  the  heat  would  destroy  the  face  of  the 
mould  before  the  metal  would  be  solidified. 

The  line  of  policy  seems  therefore  to  be,  to  pour  the  metals  at 
that  period  when  they  shall  be  sufficiently  fluid  to  fill  the  moulds 
perfectly  and  produce  distinct  and  sharp  impressions,  but  that 
the  metal  shall  become  externally  congealed  as  soon  as  possible 
afterwards. 

For  slight  moulds  the  carbonaceous  facings,  whether  meal- 
dust,  charcoal,  or  soot,  are  good,  as  these  substances  are  bad 

conductors  of  heat,  and  rather  aid  than  otherwise  by  their  igni- 
tion :  it  is  also  proper  to  air  these  moulds  for  thin  works,  or 

slightly  warm  them  before  a  grate  containing  a  coke  fire.  But  in 

*  Many  beautiful  brass  castings  of  vegetable  bodies,  as  ears  of  wheat,  and  thick 
fleshy  plants,  such  as  cockscombs,  &c.,  have  been  frequently  exhibited  during  the 
hist  few  years,  and  appear  to  have  been  thus  produced,  or  with  the  previous 
composition. 
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massive  works  these  precautions  are  less  required,  and  the  facing 
of  common  brick  -dii^,  which  i>  incombustible  and  more  bind. 

T. 

Tin-  founder  therefore  {ills  the  moulds  having  the  sli^i 
works  first,  and  gradually  proceeds  to  the  heaviest;  if  needful 
he  will  wait  a  little  to  cool  the  metal,  or  will  effect  the  same 

purpose  by  stirring  it  with  one  of  the  ridges  or  waste  num. 
which  thereby  becomes  partially  melted.  lie  judges  of  the, 

temperature  of  the  melted  brass,  principally  by  the  eye,  as  when 
out  of  the  fnrnaee  and  very  hot,  the  surface  emits  a  brilliant 

bluish-white  flame,  and  gives  off  clouds  of  the  white  oxide  of 
.  a  considerable  portion  of  which  floats  in  the  air  like  snow, 

the  liu'lit  decreases  with  the  temperature,  and  but  little  zinc  is 
then  fumed  away. 

(  !  un-mctal,  and  pot-metal,  do  uot  flare  away  in  the  manner  of 
brass,  the  tin  and  lead  being  far  less  volatile  than  zinc;  neither 
should  they  be  poured  so  hot  or  fluid  as  yellow  brass,  or  they  will 

become  sand-burned  in  a  greater  degree,  or  rather  the  tin  and 
lead  \\  ill  strike  to  the  surface  as  noticed  at  page  295.  Gun-metal 
and  the  much  used  alloys  of  copper,  tin,  and  zinc,  described  at 

page  272,  are  sometimes  mixed  at  the  time  of  pouring  ;  the 
alloy  of  lead  and  copper  is  never  so  treated,  but  always  contains 

old  metal,*  and  copper  is  seldom  cast  alone,  but  a  trifling  por- 
tion of  zinc  is  added  to  it,  (see  page  267,)  otherwise  the  work 

becomes  nearly  full  of  little  air-bubbles  throughout  its  surface.f 
Some  persons  judge  of  the  heat  proper  for  pouring,  by 

applying  the  skimmer  to  the  surface  of  the  metal  ;  which  when 
very  hot  has  a  motion  like  that  of  boiliug  water  ;  this  dies  away 
and  becomes  more  languid  as  the  metal  cools.  Many  works  are 

spoiled  from  being  poured  too  hot,  and  the  management  of  the 
is  much  more  difficult  when  the  quantity  of  metal  is  small. 

The  mixture  and  temperature  of  the  metal  being  found  to  be 

he  founder  ia  in  doubt  as  to  the  quality  of  the  metal,  from  its  containing 
ol<l  metal  of  unknown  character  or  that  he  desires  to  be  very  exact,  he  will  either 

pour  a  sample  from  the  pot  into  an  ingot  mould,  or  extract  a  little  with  a  long  rod 
nating  in  a  spoon  heated  to  redness.    The  lump  ia  cooled  and  tried  with  tho 

file,  saw,  hamiaer,  or  drill,  to  learn  iU  «| 

t  The  engraved  cylinders  for  calico-printing  are  required  to  be  of  pure  copper, 
and  their  unaoundness  when  cast  in  the  usual  way  was  found  to  be  so  aerioiu  an 

evil  that  it  gave  rise,  in  1819,  to  Hollingrake's  patent  for  casting  the  metal*  under 
pressure. 
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proper,  it  is  poured  in  the  manner  represented  in  fig.  138,  p.  306 : 

the  tongs  are  gradually  lowered  from  the  shoulder  down  the  left 
arm,  and  the  right  hand  is  employed  in  keeping  back  the  dross 
from  the  lip  of  the  melting  pot.  A  crucible  containing  the 

general  quantity  of  40  or  50  Ib.  of  metal,  can  be  very  conve- 
niently managed  by  one  individual,  but  for  larger  quantities, 

sometimes  amounting  to  one  hundred  weight,  an  assistant  aids 

in  supporting  the  crucible,  by  catching  hold  of  the  shoulder  of 
the  tongs  with  a  grunter,  an  iron  rod  bent  like  a  hook. 

Whilst  the  mould  is  being  filled,  there  is  a  rushing  or  hissing 
sound  from  the  flow  of  the  metal  and  the  escape  of  the  air,  the 

effect  is  less  violent  when  there  are  two  or  more  passages  as  in 

heavy  pieces,  and  then  the  jet  can  be  kept  entirely  full,  which  is 
desirable.  Immediately  after  the  mould  is  filled,  there  are 
generally  small  but  harmless  explosions  of  the  gases,  which 
escape  through  the  seams  of  the  mould,  they  ignite  from  the 
runners,  and  burn  quietly :  but  when  the  metal  blows,  from  the 

after-escape  of  any  confined  air,  it  makes  a  gurgling,  bubbling 
noise,  like  the  boiling  of  water  but  much  louder,  and  it  will 
sometimes  throw  the  fluid  metal  out  of  the  runner  in  three  or 

four  separate  spirts  :  this  effect  which  mostly  spoils  the  castings, 
is  much  the  most  likely  to  occur  with  cored  works,  and  with 
such  as  are  rammed  injudiciously  hard,  without  being,  like  the 
moulds  for  fine  castings,  subsequently  well  dried. 

The  moulds  are  generally  opened  before  the  castings  are  cold, 

and  the  founder's  duty  is  ended  when  he  has  sawn  off  the  ingates 
or  ridges,  and  filed  away  the  ragged  edges  where  the  metal  has 
entered  the  seams  of  the  mould ;  small  works  are  additionally 

cleaned  in  a  rumble,  or  revolving  cask,  where  they  soon  scrub 
each  other  clean. 

Nearly  all  small  brass  works  are  poured  vertically  %  and  the 
runners  must  be  proportioned  to  the  size  of  the  castings  that 
they  may  serve  to  fill  the  mould  quickly,  and  supply  at  the  top 
a  mass  of  still  fluid  metal,  to  serve  as  a  head  or  pressure  for 
compressing  that  which  is  beneath,  to  increase  the  density  and 
soundness  of  the  casting.  Most  large  works  in  brass,  and  the 
greater  part  of  those  in  iron,  are  moulded  and  poured  horizontally, 
and  the  process  being  exactly  alike  for  both  metals,  we  must 
refer  the  reader  to  the  following  chapter. 
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CASTING  AND  POUNDING  <  DUX 

SECT.  i. — IRON-POUNDERS'  FLASKS,  AND  SAND  MOULDS. 

Tin:  process  of  moulding  works  in  sand  is  essentially  the  same 
both  for  brass  and  iron  castings ;  but  the  very  great  magnitude 
of  many  of  the  latter  gives  rise  to  several  differences  in  the 

nifthods  :  it  will  suffice  however  to  advert  to  the  more  important 
points  in  which  the  two  practices  differ,  or  to  those  which  have 

been  already  noticed ;  I  shall  therefore  commence  with  a  few 
remarks  upon  the  flasks  and  the  sand. 

In  the  greater  number  of  cases  the  iron-founder  moulds  and 
casts  his  works  horizontally,  with  the  flasks  lying  upon  the 
ground ;  frequently  the  top  part  only  is  lifted ;  and  in  the  largest 
works  the  lower  part  of  the  flask  is  altogether  omitted,  such 
pieces  being  moulded  in  the  sand  constituting  the  floor  of  the 
foundry ;  in  these  cases  the  position  of  the  upper  flask  is  denoted 
by  driving  a  few  iron  stakes  into  the  earth,  in  contact  with 

tin-  internal  angles  of  the  lugs,  or  projecting  ears  of  the  flasks. 
The  sand  would  drop  out  of  such  large  flasks,  if  only  supported 

around  the  margin ;  they  are  consequently  made  with  cross-bars 
or  wooden  stays  a  few  inches  asunder,  which,  unless  the  entire 
flask  is  made  of  wood,  are  fixed  by  little  fillets  cast  in  the 
solid  with  the  sides  of  the  iron  flasks.  A  great  number  of 
hooks  in  the  form  of  the  letter  S,  but  less  crooked  at  the  ends, 
are  driven  into  the  bars,  and  both  the  bars  and  hooks  are  wetted 

with  thick  clay  water,  so  that  the  sand  becomes  entangled 
amidst  them,  and  is  sustained  when  the  flask  is  lifted.  Some 

.s  require  the  force  of  either  two  or  several  men,  who  raise 
them  up  by  iron  pins  or  handles  projecting  from  the  sides  of  the 
flask  ;  they  arc  then  placed  upon  one  edge,  and  allowed  to  rest 

against  any  convenient  support  whilst  they  are  repaired,  or  they 

-n.staineil  by  a  prop.  *> 
very  heavy  flasks  are  lifted  with  the  crane,  by  means  of 
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a  transverse  beam  and  two  long  hangers,  called  clutches,  which 
take  hold  of  two  gudgeons  in  the  centers  of  the  ends  of  the 
flask ;  it  can  be  then  turned  round  in  the  slings,  just  the  same 

as  a  dressing- glass,  to  enable  it  to  be  repaired. 

The  modern  iron-founder's  flasks  are  entirely  of  iron,  and  do 
not  require  the  wooden  stays,  as  they  are  made  full  of  cross  ribs 
nearly  as  deep  as  the  flask  itself,  and  which  divide  its  entire 
surface  into  compartments  four  or  five  inches  wide,  and  one  to 
two  feet  long.  On  the  sides  of  every  compartment  are  little 
fillets,  sloping  opposite  ways,  so  as  to  lock  in  the  small  bodies  of 
sand  very  effectually.  When  these  top  flasks  are  placed  upon 
middle  flasks  without  ribs,  as  in  moulding  thick  objects,  the 
two  parts  are  coffered  or  keyed  together,  by  transverse  wedges 
fixed  in  the  steady  pins  of  the  flask ;  lifters  or  gaggers  are 
then  placed  amidst  the  sand,  these  are  light  T  shaped  pieces  of 
iron,  wetted  and  placed  head  downwards,  the  tails  of  which  are 

largest  at  top,  so  as  to  hold  themselves  in  the  sand,  the  same 

as  the  key-stone  of  an  arch  is  supported.  The  gaggers  are 
placed  at  various  parts  to  combine  the  sand  in  the  two  flasks, 
and  they  fulfil  the  same  end  as  the  iron  hooks  and  nails  driven 

into  the  wooden  stays  of  the  old-fashioned  flasks. 
The  bottom  flask  or  drag,  has  sometimes  plain  flat  cross  ribs 

two  inches  wide,  (like  a  flat  bottom  with  square  holes,)  that  it 
may  be  turned  over  without  a  bottom  board ;  and  unless  the 

flasks  have  swivels  for  the  crane,  they  have  two  cast-iron  pins 
at  each  end,  and  one  or  more  large  wrought-iron  handles  at 
each  side,  by  which  they  may  be  lifted  and  turned  over  by  a 
proportionate  number  of  men. 

The  sand  of  the  iron-founder  is  coarser  and  less  adhesive  than 

that  used  by  the  brass-founder ;  much  of  the  former  kind,  used 
about  London,  is  procured  at  Lewisham.  The  parting  sand  is 
the  burned  sand  which  is  scraped  off  the  castings ;  it  loses  its 
sharp,  crystalline  character  from  being  exposed  to  the  red  heat. 

The  facing-sand  is  sometimes  only  about  equal  parts  of  coal-dust 
and  charcoal-dust,  ground  very  fine ;  at  other  times,  either  old 
or  new  sand  is  added,  and  for  large  thick  works  a  little  road- 
drift  is  introduced.  All  these  substances  get  largely  mixed  witli 
the  sand  of  the  floor,  and  lessen  its  binding  quality,  which  is 
compensated  for  by  occasional  additions  of  new  sand,  and  by  using 
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more  moisture  with  the  sand;  as  before  e\t  met  in  ̂   the  patterns, 

tin-  iron-founder  \\cts  t lie  edges  of  the  sand  with  a  sponge,  which 
has  sometimes  a  null  tied  t<>  it  to  direct  the  water  in  a  fine 

i  ;  tor  heavy  works  a  watering  pot  is  used. 

The  green-sand  mould*,  are  made  as  in  the  brass-foundry,  of 
the  ordinary  stock  of  old  moist  sand;  these  are  often  filled  as 

as  they  have  IK-CM  made. 

The  ilrij-siiml  mould*,  are  made  in  the  same  manner,  but  with 
new  sand  containing  its  full  proportion  of  loam ;  these  moulds 

are  thoroughly  dried  in  a  large  oven  or  stove,  and  then  black- 
washed  or  painted,  with  thin  clay  water  containing  finely  ground 
charcoal ;  this  facing  is  also  thoroughly  dried  before  the  moulds 
are  poured. 

The  loam  moulds,  which  arc  much  used  for  iron  castings  and 
somewhat  also  for  those  of  brass,  are  made  of  wet  loam  with 

a  little  sand,  ground  together  in  a  mill  to  the  consistence  of 
mortar ;  the  moulds  are  made  partly  after  the  manner  of  the 
briek layer  and  plasterer,  as  will  be  explained  :  the  loam  moulds 

also  are  thoroughly  dried,  black -washed,  and  again  dried,  as  from 
their  greater  compactness  they  allow  less  efficient  escape  for  the 
vapour  or  air,  and  therefore  they  must  be  put  into  the  condition 
not  to  generate  much  vapour  when  they  are  filled. 

Iron  moulds  are  also  employed  for  a  small  proportional  number 
of  works  which  are  then  called  chilled  castings;  these  were 

ferred  to  at  pages  258  and  259  ;  and  occasionally  the  methods 

of  sand  casting  and  chilling  are  combined,  as  in  some  axletrcc- 
boxes,  which  are  moulded  from  wooden  patterns  in  sand,  and  arc 

t  upon  an  iron  core.  To  form  the  annular  recess  for  oil,  a 

rim,'  of  sand,  made  in  an  appropriate  core-box,  is  slipped  upon 
tin  iron  mandrel,  and  is  left  behind  when  the  latter  is  driven 
out  of  the  casting. 

It  would  be  a  useless  repetition  to  enter  into  the  details  of 

.oulding  ordinary  iron-works;  but  from  the  horizontal  position 
the  flasks  it  is  necessary  that  the  part  of  the  work  which  is 

red  to  be  the  soundest,  and  most  free  from  defects,  should 

e  placed  downwards,  as  the  metal  is  more  condensed  at  the 
art,  and  free  from  the  scoria  or  sullage  which  sometimes 

the  upper  surface  very  rough  and  full  of  minute  holes. 
the  flasks  almost  always  lie  on  the  ground,  it  is  also  found 

the  most  convenient  to  retain  them  in  contact  by  placing  heavy 
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weights  upon  them ;  the  foundry  should  in  consequence  have  an 
abundant  supply  of  these. 

The  flasks  require  to  be  poured  through  a  hole  in  the  upper 
half,  as  seen  at  r,  fig.  191,  page  353,  which  hole  is  formed  by 
placing  a  wooden  runner  stick  in  the  top  part  A,  whilst  it  is  being 
rammed ;  and  a  small  channel  is  afterwards  cut  sideways  into 

the  mould.  Sometimes  two,  three,  or  even  half-a-dozen  or  more 
runners  are  put  to  one  single  casting,  either  when  it  requires  a 

great  weight  of  metal,  or  when  it  is  large  but  slight,  as  in  trellis- 
work,  in  which  case  the  metal  might  cool  before  filling  the  mould 

if  only  introduced  at  one  single  runner. 
When  the  runners  are  required  to  be  lofty,  either  to  supply 

pressure  to  the  metal,  or  as  a  reserve  to  fill  up  the  space  left  by 

its  contraction  in  cooling,  iron  rings  of  six  or  eight  inches  dia- 
meter are  piled  up  to  the  required  height,  to  support  the  tube 

of  sand  contained  within  them.  Small  objects  that  are  poured 

from  one  hole,  are  frequently  moulded  with  two  runners,  that 
the  metal  may  flow  through  the  mould,  and  that  there  may  be  a 
sufficient  supply  to  meet  the  shrinkage,  and  also  to  supply  head 

or  pressure ;  another  advantage  also  results,  as  it  assists  in  car- 
rying off  the  scoria  or  sullage. 

The  iron-founder  employs  all  the  methods  of  coring  explained 
at  pages  335  to  338,  and  also  others  of  an  entirely  different  kind 

but  little  required  in  brass-works ;  namely,  for  lateral  holes  in 
the  parts  of  the  castings  buried  beneath  the  general  surface  of 

the  mould,  and  which  are  explained  by  the  figs.  180  to  183. 
Thus  180  represents  the  finished  casting,  181  the  model  of  the 
same,  182  the  appearance  of  the  bottom  flask  or  drag  when  the 
pattern  is  first  removed,  and  183  the  flask  and  cores  when  closed 
ready  for  pouring ;  the  moulds  are  inverted,  and  the  same  letters 

of  reference  refer  to  similar  parts  of  all  these  figures. 

Figs.  180.  181.  d  182.  a  183.  b  a 

The  core  print  a,  would  deliver  from  the  sand  and  leave  the 

cavity  at  a,  fig.  182,  to  be  afterwards  filled  by  the  core  shown 
black  in  fig.  183,  the  same  as  formerly  explained  at  fig.  164,  p.  335. 
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print  //,  fig.  1M,  'uhieh  h:is  reference  to  the  black- 
f>,  tig.  1  83,    \\ouhl  tear  away  the  sand  above  it  in  withdraw- 

pattern;   therefore  the  print  A,  should,  like  d,  fig.  1M, 

IK!  to  the  face  of  the  pattern,  or  the  parting  line,  represented 

by  e,  fig,   1  -  '..     This  bring  the  ease,  the  pattern  would  leave  the 
space  denoted  at  d,  fig.  182 ;  the  core  is  put  down  sideways  to 
tin  bottom  of  the  recess,  and  extends  entirely  across  the  same; 
the  small  open  space  above,  is  made  good  with   the  general 
surface,  aa  shown  by  the  shade  lines  in  fig.  183,  and  this  filling 
in,  at  the  same  time  fiies  the  core  precisely  where  denoted  by 
the  print  d,  which  latter  has  a  mark  to  show  to  the  moulder 
where  the  core  is  to  end.     The  circular  hole  requires  the  core 
print  shown  at  c,  fig.  181  ;  the  cores  themselves  are  made  in  the 

core-boxes,  1G5  and  166,  before  explained  at  page  336. 

Figs.184. 

18ft 

186. 

Fig.  185  represents  the  model  and  core-print,  from  which  the 
finished  casting  shown  at  fig.  184  might  be  made  from  a  solid 

pattern  in  a  two-part  flask  ;  it  would  be  inverted,  and  the  parting 
would  be  made  upon  the  line,  x.  The  prints  for  the  four  holes 
a  a,  would  be  placed  in  the  top  flask,  and  those  for  the  g 

rtures  or  panels  d,  would  be  made  in  a  core-box  of  the 
express  form,  and  as  thick  as  the  pattern  and  core-print  mea- 

sured together.     The  core  would  be  deposited  edgeways  into 

core-print,  and  the  upper  corners  of  the  mould  would  be 
made  good,  as  explained  in  fig.  183. 

By  the  same  method,  a  mortise  wheel,  or  one  with  spaces 
around  its  edge,  as  at  m  m,  fig.  186,  to  be  filled  with  wooden  cogs, 

lit   be  made  with  a  series  of  core-prints,  as  at  c,  brought  up 
tluvh  with  the  parting  of  the  mould;  if  every  print  were  filled 

with  a  core  such  as  fig.  187,  made  in  an  appropriate  core-box, 



352 THREE-PART    FLASKS. 

the   matter  would   be   accomplished   with   great   facility   and 
truth. 

The  iron-founder  makes  frequent  use  of  flasks  which  divide  in 
three  or  four  parts  ;  this  is  done  in  many  cases  simply  to  increase 
the  depth  of  the  contained  space  ;  in  which  case  when  wooden 
flasks  were  employed,  they  admitted  of  being  temporarily  fixed 
together  by  dogs,  or  large  iron  staples,  driven  a  little  way  into 
the  neighbouring  flasks,  but  the  modern  iron  flasks  are  fixed  by 
cotters.  The  following  examples  will  show  the  nature  of  some 

other  uses  to  which  the  flasks  with  several  partings  are  applied. 

Figs.  188.  189. 

A  casting,  such  as  fig.  188,  which  represents  the  top  of  a 

sliding-rest  for  a  lathe,  might  be  moulded  in  a  very  deep  two- 
part  flask,  if  the  parting  were  made  upon  the  dotted  line  a  a ; 
but  there  would  be  very  great  risk  of  tearing  down  the  mould  in 
drawing  out  the  pattern,  and  from  the  depth,  there  would  be 

scarcely  a  possibility  of  repairing  it,  and  the  metal  would  pro- 
bably be  strained.  It  would  be  also  possible  to  mould  it  with 

the  joining  upon  the  line  b,  provided  several  cores  were  em- 
ployed ;  but  the  following  mode,  which  is  generally  adopted,  is 

more  convenient  than  either  of  these. 

When  the  pattern  is  made  in  two  parts,  and  the  flask  in 
three,  as  in  fig.  189,  A  and  B  are  first  united  and  partly  filled 
with  sand,  the  pattern  is  knocked  in  as  represented,  and  the 
whole  well  rammed,  especially  in  the  groove,  the  parting  being 
made  on  the  line,  1, 1,  and  dusted.  C  is  now  put  on,  filled, 
and  struck  off  level,  a  board  is  put  above  it,  and  ABC  are  all 

turned  over  together,  A  becoming  the  top. 
A  is  now  removed,  and  the  sand  is  cut  away  to  make  the  second 

parting  on  the  line  2,  2,  after  which,  A  is  replaced,  and  the 
runner-stick  is  inserted  to  make  the  runner,  r.  On  removing 



EXAMPLK3    OF   THEIR 
358 

the  pattern,  the  runner-stick  r  is  first  taken  out,  A,  or  the  top  part 

<>t'  the  Husk  is  lifted  off,  and  the  white  part  of  the  pattern  is 
drawn  out ;  H,  or  the  middle  part,  is  then  lifted,  ;md  the  last  or 

ded  piece  of  the  pattern,  is  drawn  out  of  the  mould,  which  is 

now  put  together  again,  and  poured  through  r;  so  that  the  top 
:ace  of  the  pattern,  as  seen  in  both  views,  becomes  the  face, 

from  being  cast  downwards,  or  upon  the  lowest  piece  C,  of  the 
flask,  called  the  drag. 

The  part  c,  tijj.  1^,  mi«;ht  be  cast  with  a  chamfer  in  three 
different  ways ;  although,  in  small  castings,  it  is  more  usual  to 
cast  it  square  and  plane  it  out  of  the  solid.  First,  the  pattern 

mi-ht  he  moulded  square,  and  the  top  A,  after  removal,  might 
be  worked  to  the  angle  by  aid  of  the  trowel  and  a  chamfered 

slip  of  wood,  used  as  a  gage ;  or  secondly,  by  the  employment  of 

a  core,  the  print  of  which  is  represented  by  the  dotted  lines  ter- 
minating at  the  angle  rf,  fig.  188  ;  or  thirdly,  by  having  a  loose 

slip  on  the  pattern  sliding  on  the  b'ne  c,  fig.  188,  so  as  to  be 
drawn  off  when  the  top  A,  had  been  lifted.  This  last  method  is 

analogous  to  that  represented  in  fig.  190,  also  intended  for  a 

sliding  rest ;  and  which  might  be  cast  in  a  two-part  flask,  if  the 
two  chamfers,  c  c,  were  fitted  loosely  upon  slides,  as  shown;  but 

u  three-part  flask  is  more  convenient,  as  explained  by  fig.  191, 
in  which  the  pattern  is  inverted. 

Figs.  190. 

The  lowest  piece  C,  or  the  drag,  is  parted  upon  the  line  1  1, 

but  its  sand  extends  upwards  between  the  two  sides  of  the  pat- 
,.   as  >ho\vn  by  the  shade-lines.     The  middle   piece   B,  is 
d  through  the  line  22;  and  lastly  A,  the  top  is  filled  up 

I,  the  runner-stick  at  r  being  inserted  at  the  time,  A  is  first 

lifted,  and  all  the  pattern  is  then  removed,  excepting  the  charn- 
l  bars  and  their  slides,  which  are  represented  black;  this 

VOL.  I. 
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pattern  delivers  its  own  cores  for  the  circular  mortises  m  m,  the 
sand  forming  them  being  a  part  of  that  in  B,  or  the  middle  flask; 

lastly,  B  is  lifted,  and  the  chamfer-slips  are  picked  off  from  C. 
This  pattern  may  consequently  be  moulded  without  turning  over 
the  flask,  and  every  part  of  the  mould  is  quite  accessible  for 

repair. 

The  pedestal  of  the  swage-block,  fig.  128,  page  231,  is  another 
good  example  of  moulding  in  a  three-part  flask.  The  model  is 
made  with  the  upper  fillet  loose,  also  with  the  sides  solid,  or 
without  the  holes,  and  the  object  is  moulded  as  it  stands.  The 

top  part  of  the  flask  opens  at  the  upper  moulding,  and  which 
latter  is  then  removed  from  the  pattern;  the  middle  flask  divides 

at  the  plinth  or  flange,  so  that  when  this  has  been  lifted,  the 

pattern  also  may  be  withdrawn,  leaving  a  square  pedestal  of 
sand,  as  large  as  the  interior  of  the  model,  standing  upon  the 
bottom  part  or  drag,  as  in  191.  The  panels  are  made  by 

means  of  a  core-box  of  the  kind  fig.  167,  p.  336,  the  box  is 
exactly  as  thick  as  the  metal  to  be  cast ;  and  the  circular  cores 
are  then  fixed  upon  the  pedestal  of  sand  by  means  of  a  few  wires 
or  nails,  after  which  the  flask  is  put  together  ready  for  pouring. 

If  the  fig.  128,  here  referred  to,  had  four  fluted  columns  at  the 
four  angles,  either  with  a  large  cap  to  each,  or  with  a  square 
entablature  connecting  the  whole  of  them,  the  object  might  be 

also  cast  in  one  piece,  if  moulded  in  a  three-part  flask.  After 
removing  the  top  flask,  the  entablature  and  capitals  would  be 
first  withdrawn,  the  columns  being  divided  through  their  smallest 
diameters ;  the  mould  would  be  then  turned  over,  and  upon 

lifting  off  the  drag,  or  bottom-piece,  the  remainder  of  the  pattern 
could  be  drawn,  either  in  one  single  piece,  or  if  the  pillars  were 

loose,  the  five  parts  could  be  more  safely  extracted ;  the  three- 
part  mould  would  be  put  together  again,  and  reversed  for 
pouring.  In  this  general  manner,  by  making  either  the  mould, 

or  the  pattern,  or  both,  in  different  pieces,  and  by  the  judicious 
employment  of  cores  and  drawbacks,  objects  apparently  the  most 
untractable  are  cast  with  very  great  perfection. 

The  iron-founders  are  likewise  very  dexterous  in  making  cast- 
ings in  some  respects  different  from  the  patterns  from  which  they 

are  moulded ;  thus,  if  the  pattern  be  too  long,  or  that  it  be 
temporarily  desired  to  obliterate  some  few  parts,  the  mould  is 

made  of  the  full  size  and  stoppcd-off,  additional  sand  being  worked 
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the  mould  by  aid  of  the  trowel  and  some  temporary  piece 

of  wood  to  represent  the  imagined  termination  of  the  pattern. 
On  the  other  band,  any  simple  enlargement  or  addition  is  not 
always  added  to  the  pattern,  but  it  is  frequently  cut  out  of  the 
mould  with  the  trowel,  in  a  similar  manner. 

Many  common  works,  such  as  plates,  gratings,  parts  of  ordi- 
nary stoves,  and  simple  objects,  are  made  to  written  measures, 

and  without  patterns,  as  a  few  parallel  slips  of  wood  to  represent 
the  margin  of  the  casting,  are  arranged  for  the  purpose  upon  a 
flat  body  of  sand,  which  is  modelled  up  almost  entirely  by  hand; 

but  for  all  accurate  purposes  and  for  machinery,  good  and  well- 
made  patterns  are  indispensable,  and  to  some  particulars  of  which 
a  little  attention  will  be  now  devoted. 

SECT.  II.   REMARKS    ON    PATTERNS    FOR   IRON    CASTINGS. 

THE  construction  of  patterns  for  iron  castings,  requires  not 

only  the  observance  of  all  the  particulars  conveyed  on  pages 
to  329,  but  in  addition,  the  large  size  of  the  models,  the 

peculiar  methods  employed  in  moulding  them,  and  the  nearly  • 
inflexible  nature  of  the  iron  castings  when  produced,  call  for 
some  other  and  important  considerations ;  and  which  should  not 
be  entirely  overlooked,  even  in  works  of  comparatively  small  size, 
or  it  may  lead  to  failure  and  disappointment. 

Thus,  it  becomes  necessary  to  make  patterns  in  some  degree 

r  than  the  intended  iron  castings,  to  allow  for  their  contrac- 

tion in  cooling,  which  equals  from  about  the  ninety-fifth  to  the 
ninety-eighth  part  of  their  length,  or  nearly  one  per  cent.    This 
allowance  is  very  easily  and  correctly  managed  by  the  employ- 

ment of  a  contraction  rule,  which  is  made  like  a  surveyor's  rod, 
but  one-eighth  of  an  inch  longer  in  every  foot  than  ordinary 

lard  measure.     By  the   employment   of  such  contraction 
rules,  every  measurement  of  the  pattern  is  made  proportionally 
larger  without  any  trouble  of  calculation. 

"When  a  wood  pattern  is  made,  from  which  an  iron  pattern  is 
>Q  cast,  the  latter  being  intended  to  serve  as  the  permanent 

foundry  pattern ;  as  there  are  two  shrinkages  to  allow  for,  a  double 
ion  rule  is  employed,  or  one  the  length  of  which  is  one 

quarter  of  an  ineh  in  excess  in  every  foot.    These  rules  are  par- 
ticularly important  i  out  alterations  in,  or  additions  to, 

•'im:  machinery;  the  latter  is  measured  with  the  common 
A  A  2 
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rule,  and  the  new  patterns  are  set  out  to  the  same  nominal 
measures,  with  a  single  or  double  contraction  rule  as  the  case 
may  be,  the  three  being  made  in  some  respects  dissimilar  to  avoid 
confusion  in  their  use ;  the  entire  neglect  of  contraction  rules, 

incurs  additional  trouble  and  uncertainty.* 
Patterns  for  iron  castings  are  much  more  frequently  divided 

into  several  parts  than  those  for  brass;  for  instance,  the  division 

into  two  equal  parts  after  the  manner  of  fig.  175,  p.  339,  (but 

without  reference  to  the  under-cutting,)  is  very  common,  as  both 
the  pattern  and  flask  separate  when  the  top  part  is  lifted,  and 
the  halves  of  the  pattern  can  then  be  drawn  out  from  the  halves 
of  the  flask  with  much  less  risk  of  tearing  down  the  sand. 

Referring  to  p.  319,  fig.  141,  if  small,  would  be  moulded  as 
represented  with  false  cores  or  drawbacks;  but  if  it  were  a  large 

fluted  column,  the  iron  founder  would  employ  a  solid  two-part 
flask;  the  shaded  parts  would  together  represent  the  body 
of  sand  in  the  drag,  and  the  pattern  would  be  made  in  three 

parts  something  like  a  boot-tree.  When  the  top  flask  had 
been  lifted,  the  central  slice  of  the  pattern,  extending  from 

the  two  upper  to  the  two  lower  angles  would  be  withdrawn  ver- 
tically, and  the  two  outer  pieces  would  be  released  sideways. 

The  general  rule  is  to  divide  the  circumference  of  the  pattern 
into  six  equal  parts,  and  to  let  the  central  slice  equal  one  of 
them  in  width. 

The  figures,  189  and  191,  representing  two  parts  of  a  slide-rest, 
and  the  pedestal,  128,  are  some  amongst  many  of  the  common 
examples  of  the  division  of  the  patterns ;  and  with  which  may 
be  associated,  the  numerous  subdivisions  of  the  mould  instead  of 

the  pattern  by  the  employment  of  cores,  many  applications  of 
which  have  been  also  explained.  All  these  matters  display 
much  interesting  and  ingenious  contrivance,  resorted  to  either 

*  The  contraction  of  brass  is  nearly  three  sixteenths  of  an  inch  in  every  foot, 
but  from  the  small  size  of  brass  castings,  the  contraction  rule  is  less  required  for 

them  as  the  differences  may  be  easily  allowed  for  without  it. 
Iron  castings  weigh  about  fourteen  times  as  much  as  the  ordinary  deal  and  fir 

patterns  from  which  they  are  made,  that  being  nearly  the  ratio  of  the  specific 

gravities  of  those  materials.  All  these  matters  are  entered  into  in  the  author's 
pamphlet,  "A  New  System  of  Scales  of  Equal  Parts,"  and  his  paper  "On  ;i 
scale  of  Geometrical  Equivalents  for  Engineering  and  other  Purposes,"  Lond.  and 
Edin.  Philos.  Mag.,  July,  1838,  wherein  are  described  numerous  applications  of 

scales  of  equal  parts  to  the  purposes  of  drawing  and  calculation,  and  to  the  com- 
parison and  conversion  of  all  kinds  of  measures,  weights  and  other  quantities. 
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to  render  possible  the  operation  of  moulding,  or  to  facilitate  its 
uce. 

To  le.vsen  the  distortion  of  castings  from  their  unequal  con- 
;iuu  in  cooling,  it  is  important  that  the  models  should  lu: 
rly  symmetrical.  For  example,  bars  or  rods  of  all  the  sections 

in  lii:.  110,  p.  319,  maybe  expected  to  remain  straight;  perhaps 
t  lie  most  uncertain,  but  if  the  lower  fins  of  e  and  h  were 

removed,  their  flat  surfaces  then  exposed  to  the  sand,  would 

Income  rounding  or  convex  in  length,  from  the  contraction  of 

tin-  upper  rib  being  unopposed  by  that  of  a  similar  piece  on  the 
under  side.   Bars  and  beams,  the  sections  of  which  resemble  the 

r  I  are  of  the  most  favourable  kind  for  general  permanence, 

and  also  for  strength,  and  large  panels  may  be  cut  out  from 
their  central  plates  to  diminish  their  weight  without  materially 
reducing  their  stability.     They  are  much   used,   not   only  in 
building,  but  also  in  the  framing  of  machinery,  which  is  in  a 
great  measure  based  upon  the  same  general  rules. 

It  is  also  of  great  importance,  especially  in  castings  of  large 
that  the  thickness  of  the  metal  should  be  nearly  alike 

throughout,  so  that  it  may  cool  at  all  parts  in  about  the  same 
time.     Should  it  happen  that  one  part  is  set  or  rigid  whilst 

another  is  semi-fluid,  or  in  the  act  of  crystallising,  there  is  great 
of  the  one  part  being  altogether  torn  from  the  other  and 

producing  fracture.     Or  should  the  disturbing  force  be  insuffi- 
.t  to  break  the  casting,  it  may  strain  the  metal  nearly  to  its 

limit  of  tenacity  or  elasticity;  so  that  a  force  far  below  that 
rhich  the  casting  should  properly  bear,  may  break  it  in  pieces. 
An  example  of  this  is  seen  in  wheels  with  very  light  arms 

id  heavy  rims  or  bosses.     The  arms  sometimes  cool  so  quickly 
to  tear  themselves  away  from  the  still  hot  rim  or  nave ;  or 

rhen  the  arms  are  solidified  without  fracture,  the  contraction  of 

ic  rim  may  so  compress  the  spokes  endways,  as  to  dish  thewhecl, 
the  manner  of  an  ordinary  carriage  wheel,)  and  thereby  strain 

the  casting  nearly  or  quite  to  the  point  of  fracture.     The  arms 
are  sometimes  curved  like  the  letter  S,  instead  of  being  straight 
and  radial;  the  contraction  then  increases  their  curvature  with 

less  risk  of  accident  than  to  straight  arms.*     A  more  elegant 

•  It  Appears  to  be  often  desirable  to  supersede  the  straight  diagonal  brace*  of 
,Tsting«,  by  curved  lines,  which  are  both  more  ornamental,  and  better  disposed 
M  to  compression  or  extension  by  a  slight  alteration  in  their  curvature. 
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way  of  avoiding  the  mischief  was  invented  by  Mr.  Isaac  Dodd, 
of  the  Horsley  Iron  Works,  by  placing  the  spokes  as  tangents 
to  the  central  boss,  in  which  case  the  contraction  of  the  rim 

makes  a  small  angular  change  of  position  in  the  boss ;  for  the 

rim  in  thrusting  the  spokes  inwards,  causes  the  boss  to  twist 

round  a  little  way  with  far  less  risk  of  fracture.* 
The  destructive  irregularity  of  thick  and  thin  works  is  partly 

averted  by  uncovering  the  thick  parts  of  the  casting,  or  even 
cooling  them  still  more  hastily,  by  throwing  on  water  from 

watering-pots.  In  wheels  this  has  been  done  by  a  hose,  the  axis 
of  which  is  concentric  with  the  wheel,  the  arms  being  all  the  time 

surrounded  by  the  sand  to  retard  their  cooling ;  but  it  is  the 
most  judicious  in  all  patterns,  to  make  the  substance  for  the 
metal  as  nearly  uniform  throughout  as  circumstances  will  admit, 
so  as  not  to  require  these  modes  of  partial  treatment,  which 

often  compromise  the  ultimate  strength  of  the  casting. 
Another  mode  sometimes  adopted  for  avoiding  the  fracture 

of  wheels,  from  the  great  dissimilarity  of  their  proportions,  is  by 

inserting  wrought-iron  arms  in  the  mould,  but  they  do  not  always 
unite  kindly  with  the  iron  of  the  rim  and  the  nave.  The  same 
inconvenience  occurs  when  iron  pins  are  inserted  in  the  ends  of 
either  of  iron  or  brass  castings,  to  serve  for  their  attachment 

to  their  respective  places  :  in  iron  castings  it  frequently  produces 
the  effect  of  chill  casting,  so  as  to  render  the  works  difficult  to 
be  turned  or  filed  at  the  junction,  and  there  is  risk  of  the 
casting  becoming  blown  or  unsound  in  either  case.  When  the 

pins  are  heated  before  being  placed  in  the  mould,  they  become 
nearly  cold  before  the  metal  can  be  poured,  and  they  also  endanger 
the  presence  of  a  little  steam  or  vapour,  which  is  detrimental ; 

therefore  they  are  more  generally  put  in  cold,  notwithstanding 
the  sudden  check  they  then  give  to  the  fluid  metal. 

The  patterns  for  iron  castings,  of  large  size,  are  necessarily 

very  expensive,  especially  those  for  hollow  cylinders  and  pans, 
many  of  which  are  so  large,  that  it  would  be  impossible  to  find 
solid  pieces  of  wood  from  which  the  patterns  could  be  made ; 
either  with  sufficient  strength  for  present  use,  or  with  the 

*  Mr.  Dodd  had  to  contend  with  the  shrinking  of  the  narc,  which  was  the  last 
to  cool ;  the  accidents  therefore  occurred  from  the  tension,  instead  of  the  compres- 

sion of  the  Bpokos  ;  this  equally  fatal  effect  was  completely  remedied  by  placing 

the  arms  as  tangents. — Trans.  Sue.  of  Arts,  Vol.  LI.,  p.  66. 
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vssary  perron:  n  for  a  subsequent  period,  as  they 
would  be  almost  sure  either  to  break,  or  to  become  distorted  i 

the  effects  of  unequal  shrinking,  as  explained  by  tin:  diagrams, 

1  !>.  Such  patterns,  therefore,  require  to  be  made  of 
a  great  many  thin  layers  or  rings  of  wood,  each  consisting  of  (5, 

8,  or  1:1  pieces,  like  the  felloes  of  wheels,  so  that  in  all  parts  the 
grain  may  be  nearly  in  the  direction  of  a  tangent. 

As  they  are  glued  up,  every  succeeding  layer  is  connected  with 
the  former  by  glue  and  wooden  pins  or  dowels,  and  the  whole  is 
afterwards  turned  to  the  tubular  or  hemispherical  form,  as  the 

case  may  lie.  As  the  castiugs  are  generally  required  to  be  rather 
thin,  such  models  are  not  only  very  expensive,  but  also  very 
liable  to  accident;  and  besides  it  frequently  occurs  that  only 
one  or  two  castings  of  a  kind  may  be  required,  which  makes  the 
proportional  cost  of  the  patterns  excessive. 

It  fortunately  happens,  however,  that  this  case,  which  is  one 
of  the  most  costly  and  uncertain  by  the  employment  of  ordinary 
wood  or  metal  patterns,  becomes  exceedingly  manageable  by  a 

peculiar  and  simple  application  of  the  art  of  turning,  (the  one 
great  center  of  the  constructive  arts,  to  which  these  pages  are 

intended  immediately  and  collaterally  to  apply :),  and  by  which 
process,  or  one  branch  of  loam  moulding,  to  be  explained  in  the 

following  section,  patterns  are  not  generally  required. 

SECT.    III.— LOAM    MOULD! 

Fios.  192, 193,  and  19-i,  are  intended  to  illustrate  this  process 
as  regards  a  steam  cylinder.  Fig.  192  is  the  entire  section  of  the 
mould  in  its  first  stage;  figs.  193  and  194  are  the  half  sections 

of  the  second  and  third  stages,  preparatory  to  burying  the  mould 
in  the  pit  in  which  it  is  to  be  filled. 

The  inner  part  of  the  loam  mould  is  called  the  core  when 
small,  but  the  noted  when  large ;  the  outer  is  called  the  case 

or  the  cope.  Each  part  is  built  upon  an  iron  loam-plate,  or  a  ring 
cast  rough  on  the  face,  and  with  four  ears  by  which  it  may  be 

1.  The  mould  is  occasionally  erected  upon  four  shallow 
lestals  of  bricks  for  the  convenience  of  making  a  fire  beneath  it 

dry  the  loam;  at  other  times  it  is  made  upon  a  low  truck  upon 

i-hich  it  may  be  wheeled  into  the  loam  stove,  which  is  heated 
to  about  the  temperature  of  300  to  400  degrees  Fahrenheit. 

A  vertical  axis,  a,  is  mounted   in  any  convenient  manner, 
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frequently  in  two  holes  in  the  truck  itself,  or  as  shown  in  the 
figure,  in  a  pedestal  or  socket  erected  upon  the  truck ;  at  other 
times  the  axis  is  mounted  in  a  hole  in  the  loam-plate,  and  in  any 
bearing  attached  either  to  the  building  or  its  roof. 

193. 
194. 

The  first  step  is  to  fix  upon  the  spindle  the  templet  b  b,  at 
the  distance  of  the  radius  of  the  cylinder,  either  by  one  or  two 
clutches,  with  various  binding  screws.  An  inner  cylinder  of 
brickwork  is  then  built  up,  plastered  by  the  hands  with  soft 
loam,  (which  is  represented  black  in  all  the  figures,)  and  scraped 
into  the  cylindrical  form  by  the  radius  board,  which  is  moved 
round  on  its  axis  by  a  boy.  When  the  surface  is  smooth  and 
fair  it  is  thoroughly  dried,  after  which  it  is  brushed  over  with 
blackwash,  and  again  dried.  The  charcoal  dust  in  the  black- 
wash  serves  as  a  parting,  to  prevent  the  succeeding  portions  of 
the  loam  mould  from  adhering  to  the  first. 

The  templet  c  c,  fig.  193,  cut  exactly  to  the  external  form 
of  the  cylinder,  is  now  attached  to  the  axis  at  the  distance  from 
the  core  required  for  the  thickness  of  the  metal :  some  addi- 

tional loam  is  thrown  on  to  form  the  thickness,  which  is  smoothed 
in  the  same  careful  manner  as  the  center,  after  which  the  templet 
and  spindle  are  dismounted,  and  the  thickness,  which  is  repre- 

sented white  in  figs.  193  and  194,  is  also  dried  and  blackwashed. 
The  ring  for  the  outer  case  or  cope  is  now  laid  down,  and  its 

position  is  denoted  either  by  fixed  studs  or  by  marks  ;  and  the 
outer  case  represented  in  fig.  194,  is  built  up  of  bricks  and  loam, 
with  an  inner  facing  of  loam  worked  very  accurately  to  th( 
turned  thickness.  The  new  work,  or  the  cope,  is  also  thoroughly 
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1,  and  afterwards  lifted  off  very  carefully  by  means  of 

16  and  a  cross  beam  with  four  chains.     This  process  likewise 

drags  ofl'  the  thickness,  which  usually  breaks  in  the  removal; 
mains  are  carefully  picked  out  of  the  cope;  both  parts  of 

the  mould  are  repaired,  and  a^ain  Mackwashcd  and  dii 

When  the  cylinder  requires  ports  at  the  ends,  or  the  short 

tubes  with  flanges  for  attaching  the  steam  passages,  models  of 

the  tubes  are  worked  into  the  cope,  and  are  afterwards  with- 

diauii,  the  cores  are  made  in  core  boxes,  and  are  partly  sup- 

ported by  the  outer  extremity,  and  partly  upon  grains,  or  two 

little  platcx  of  sheet  iron  connected  by  a  central  wire,  the  whole 

being  equal  to  the  thickness  of  the  metal  at  the  part.  "When 
in  passages  are  wanted,  either  along  the  side,  or  around  the 

cylinder,  they  arc  worked  up  in  clay  upon  the  thickness,  and 

duly  covered  in  by  the  cope;  their  cores  are  supported,  partly 

by  their  loose  ends,  and  partly  by  grains,  which  become  entirely 

surrounded  by,  and  fixed  in  the  metal,  when  it  is  poured.* 
The  mould  is  now  put  together  in  a  pit  sunk  in  the  floor  of 

the  foundry,  and  the  two  iron  plates  are  screwed  together ;  the 

surrounding  space  being  rammed  hard  to  prevent  the  mould 

from  bursting  open,  but  the  inner  part  is  left  much  more  loose 

for  the  escape  of  the  air.  The  top  edges  of  the  mould  are 

covered  over  with  a  loam-cake,  (which  has  been  previously  made 
and  dried,)  or  a  ring  three  or  four  inches  thick,  strengthened 

with  iron  bars  amidst  the  clay,  the  joining  being  made  air-tight 

by  a  little  cow's  hair,  and  by  the  pressure  of  a  quantity  of  iron 
weights ;  the  loam-cake  is  generally  perforated  with  many  holes 
as  shown  at  d,  for  the  entry  of  the  metal  and  the  escape  of 

the  air.  But  provision  must  always  be  made  in  casting  thin 

cylinders,  boxes,  and  such  like  forms,  for  the  breaking  up  of  the 
core  as  soon  as  the  metal  is  set,  to  prevent  the  metal  scoring  or 

rending  from  its  contraction  upon  a  rigid  unyielding  center.f 

*  There  u  always  some  uncertainty  of  the  aouud  union  of  the  grains,  or  other 
pieces  of  iron,  with  the  cast-metal.  Some  cast  them  in  iron  and  file  them  quite 
bright,  others  also  tin  them,  apparently  to  preserve  them  from  rust,  as  the  tin  must 
be  instantly  dissipated  by  the  hot  metal.  Grains  should  always  present  clean 
metallic  surface*,  and  when  used  for  very  thin  castings,  to  prevent  them  from 

it.  the  wires  are  nicked  with  a  file  that  they  may  be  keyed  in  the  metal. 

It  is  however  better  to  avoid  the  use  of  groins,  which  may  be  generally  done  by 

•  the  core  ntnd  btarinyt,  and  afterwards  plugging  up  the  holes  in  the  casting. 

The  largest  cy linden,  such  as  those  of  the  Cornish  pumping  engines,  of  80, 90, 
and  95  inches  bore,  and  12  or  14  feet  in  length,  and  the  blowing  cylinders  of  blast 
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Large  pans,  and  various  other  circular  works,  are  moulded 

precisely  in  the  same  way  as  cylinders ;  except  that  curved 
templets  are  used,  and  that  towards  the  conclusion,  the  apertures 
through  which  the  spindle  passed  are  filled  in  and  worked  by 
hand  to  the  general  surface. 

Water-pipes  are  made  much  in  the  same  mode,  but  the  cores 
for  these  are  turned  upon  an  iron  tube  pierced  full  of  holes, 
which  is  laid  horizontally  across  two  iron  trestles  with  notches, 
and  is  kept  in  rotation  by  a  winch  handle  at  the  end ;  there  is 

also  a  shaper-board  or  scraper  fixed  parallel  with  the  axis ;  this 

primitive  apparatus  is  called  a.  founder's  lathe. 
The  perforated  tube,  (serving  as  the  mandrel,)  is  first  wound 

round  with  haybands,  then  covered  with  loam,  and  the  core  is 
turned,  dried  and  blackwashed;  the  thickness  is  now  laid  on 

and  also  blackwashed,  after  which  the  object  is  moulded  in  sand. 
The  thickness  is  next  removed  from  the  core,  which  latter  is 

inserted  in  the  mould,  and  supported  therein  by  the  two  prints 
at  the  extremities,  and  by  grains  with  long  wires,  the  positions  of 
which  may  be  seen  by  the  little  bosses  on  the  pipe,  the  metal  being 
there  made  purposely  thicker  to  avoid  any  accidental  leakage  at 
those  parts.  When  pipes  are  cast  in  large  quantities,  they  are 
moulded  from  wooden  patterns  in  halves,  so  that  it  only  becomes 

necessary  to  turn  the  core,  and  this,  when  made  in  the  above 
manner,  is  sufficiently  porous  for  the  escape  of  the  air. 

The  moulds  for  crooked  pipes  and  branches  are  frequently 

made  in  halves,  upon  a  flat  iron-plate.  An  iron  bar  or  templet 
of  the  curve  required  is  fixed  down,  and  a  semicircular  piece  of 

furnaces,  sometimes  105  inches  bore,  are  made  without  the  employment  of  the 

thickness.  The  case  or  cope  is  built  up  in  the  pit,  and  turned  inside  with  a  radius 
bar,  and  the  core  is  erected  on  a  plate  on  the  floor,  and  turned  outside  to  a  gage  ; 
when  dried  it  is  lowered  into  the  other  by  the  crane.  The  cylinders  are  cast  one 

foot  or  upwards  longer  than  required,  to  serve  as  a  head  of  metal  and  make  the 

top  edge  sound,  and  thus  much  is  cut  off  before  they  are  bored. 
To  enable  the  mould  to  resist  the  great  pressure  of  the  lofty  column  of  fluid 

metal,  (equal  at  the  base  to  near  CO  pounds  on  every  square  inch),  the  core  is 
strengthened  by  diametrical  iron  bars  entering  slightly  into  the  brickwork  :  the 
outer  cylinder  is  surrounded  at  a  small  distance  by  iron  rings  piled  on  the  other, 
the  interval  being  rammed  with  sand ;  and  stays  are  placed  in  all  directions  from 
the  rings  to  the  sides  of  the  pit,  which  is  either  lined  with  brickwork,  or  v 

liable  to  be  inundated  with  water,  it  is  made  of  iron  like  a  water-tight  caisson. 
Small  cylinders  are  moulded  in  sand  from  wooden  models,  and  only  the  cores 

arc  turned  in  loam ;  for  cylinders  of  the  smallest  size  the  cores  arc  made  of  sand 
in  core  boxes  as  already  explained. 



wood,  called  a  strickli-,  is  used  for  working  and  smoothing  the 
half  core  ;  next  a  larger  strickle  is  used  for  laying  on  the  th. 

t\vo  halves  arc  then  lived  together  by  wires,  and  moulded 

from  in  the  sand  Husk  ;  the  thickness  is  now  stripped  off  the  core, 

which  is  ii\i-d  in  the  mould  by  its  extremities,  and  if  needful,  is 
supported  also  upon  grains. 

My  the  employment  of  these  means,  although  the  loam  work 

requires  time  for  the  drying,  yet  with  ordinary  care  an  equality 
of  thickness  may  be  maintained,  notwithstanding  the  complexity 
of  the  outline,  and  without  the  necessity  for  wooden  patterns. 

Very  many  of  the  large  works  in  brass  are  also  moulded  in 
loam,  the  management  being  in  most  respects  exactly  the  same 
as  for  iron,  except  that  in  some  ornamental  works  wax  is  more 

or  less  employed,  and  is  melted  out  of  the  moulds  before  the 
entry  of  the  metal ;  a  very  slight  view  of  the  methods  will  serve 
as  a  sequel  to  the  subject  of  brass  founding. 

Large  bells  arc  turned  in  almost  the  same  manner  as  iron 

cylinders  or  pans,  by  means  of  wooden  templets,  edged  with  metal 

and  shaped  to  the  inner  and  outer  contour  of  the  core  and  thick- 
ness. The  inscription  and  ornaments  are  either  impressed  within 

the  cope,  the  clay  of  which  is  partially  softened  for  the  purpose, 

or  the  ornaments  are  moulded  in  wax,  and  fixed  on  the  clay  thick- 
ness before  making  the  cope.  Less  generally  the  whole  exterior 

face  of  the  bell,  or  indeed  its  entire  substance,  is  modelled  in  wax, 

and  melted  out  before  pouring.  In  any  case,  the  concluding 

steps  in  filling  up  the  apertures  where  the  spindle  passed,  are  to 
attach  a  dissected  wooden  pattern  of  the  central  stem  and  of  the 

six  cannons  or  ears  by  which  the  bell  is  slung,  which  parts  are 
moulded  in  soft  loam;  and  then,  the  parts  having  been  dried  and 

replaced,  and  the  iron  ring  for  the  clapper  inserted,  the  whole 

is  ready  for  the  pouring  pit.  The  heaviest  bells  are  moulded 
within  the  pit  the  same  as  huge  cylinders. 

Brass  guns  are  also  moulded  in  loam,  and  in  a  somewhat 
liar  manner;  a  taper  rod  of  wood  much  longer  than  the  gu: 
wound  round  with  a  peculiar  kind  of  soft  rope,  upon  which  the 

loam  is  put  for  making  the  rough  casting  model  of  the  gun, 
which  is  turned  to  a  templet ;  the  work  is  executed  over  a  long 

;o  dry  it  as  it  proceeds,  and  the  model  is  made  about  one- 

third   longer  than  I'.ie  gun  itself.     The  model  when  dried  and 



364-  BRASS    ORDNANCE, 

black\vashed  all  over,  is  covered  with  a  shell  of  loam,  not  less 

than  three  inches  thick,  secured  by  iron  bands ;  the  shell  is  also 
carefully  dried ;  after  this  the  taper  bar  is  cautiously  driven  out 
from  its  small  end,  the  coil  of  rope  is  pulled  out,  and  so  likewise 

is  every  piece  of  the  clay  model  of  the  gun. 
The  parts  for  the  cascable  and  trunnions,  which  should  have 

been  worked  separately  upon  appropriate  wooden  models,  are 
then  attached  to  the  shell.  Should  the  gun  have  dolphins,  or 

any  other  ornamental  figures,  they  are  modelled  in  wax  and  fixed 
on  the  clay  model  before  the  shell  is  formed,  and  are  then  melted 
out  to  make  the  required  space  for  the  metal. 

"When  all  is  ready  and  dried,  six,  eight,  or  more  of  these  loam 
cases,  or  shells,  are  sunk  perpendicularly  in  a  pit  at  the  mouth 
of  the  reverberatory  furnace,  and  the  earth  is  carefully  rammed 
around  them ;  at  the  same  time  a  vertical  runner  is  made  to 

every  mould,  to  enter  either  at  the  bottom  or  not  higher  than 
the  trunnion :  the  upper  ends  of  the  runners  terminate  in  the 
bottom  of  a  long  trough  or  gutter,  at  the  far  end  of  which  is  a 
square  hole,  to  receive  the  excess  of  metal. 

In  casting  brass  guns,  tapping  the  furnace  is  rather  a  cere- 
mony, and  certainly  an  imposing  sight :  the  middle  and  the 

end  of  the  trough  are  each  stopped  by  a  shovel  or  gate  held 
across  the  same ;  and  the  runners  are  all  stopped  by  long  iron 

rods,  held  by  as  many  men.  When  all  is  pronounced  to  be 
ready,  the  stopper  of  the  furnace  is  driven  inwards  with  a  long 

heavy  bar  swung  horizontally  by  two  or  three  men,  and  the 

metal  quickly  fills  the  trough ;  on  the  word  of  command,  "  num- 
ber one,  draw"  the  metal  flows  into  the  first  mould,  and  fills  it 

quickly  but  quietly  from  the  bottom ;  the  mould  being  open  at 
the  top,  no  air  can  be  accidentally  enclosed.  Numbers  two, 
three,  and  four  are  successively  ordered  to  draw.  The  first 
shovel  is  then  removed  from  the  great  channel,  and  now  the 

guns,  five  to  eight  or  ten,  as  the  case  may  be,  are  similarly 
poured  and  filled  to  the  level  of  the  trough ;  after  which  the 
last  shovel  is  withdrawn,  and  the  residue  of  the  metal  is  allowed 

to  run  into  the  square  bed  or  pit  prepared  for  it.  The  flowr  of 
metal  from  the  furnace  is  regulated  by  the  tapping  bar,  the  end 
of  which  is  taper,  and  is  thrust  more  or  less  into  the  mouth  of 

the  furnace  as  required ;  the  trough  and  runners  are  thus  kept 
exactly  full,  which  is  an  important  point  in  most  cases  of 
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P.  .uriii'.:,  as  it  prevents  a  current  of  air  being  carried  down  along 
with  tlu-  metal. 

Us  are  poured  much  iu  the  same  manner,  except  that 
the  runners  are  at  the  top,  and  the  metal  runs  from  the  great 

ehaniu •!,  through  smaller  gutters  to  every  sunk  mould,  the 
stoppers  for  which  are  successively  drawn.  For  quantities  of 
brass  intermedi.r  u  the  charge  of  an  ordinary  crucible, 
and  such  as  require  the  reverberatory  furnace,  the  large  ladles 

hanks  of  the  iron  founder  are  used  ;  the  contents  of  four  or 

six  crucibles  being  poured  into  the  shank  as  quickly  as  possible, 
and  thence  in  one  >tream  iuto  the  mould.* 

SECT.    IV. — MELTING    AND    POURING    IRON. 

IRON  is  usually  melted  in  a  blast  furnace,  or,  as  it  is  more 

commonly  called,  a  cupola ;  although  the  cupola  or  dome  leading 

*  The  author  of  the  article  Founding,  in  the  Encyclopedia  Metropolitana, 
minutely  describes  three  ways  of  casting  large  hollow  statues,  which  arc  briefly  as 
follows. 

First ;  a  rough  model  of  the  figure  is  made  in  clay,  but  somewhat  smaller  than 
its  intended  size,  it  U  covered  over  with  wax  which  is  modelled  to  the  required 
form,  or  the  wax  is  worked  up  in  separate  pieces  and  afterwards  attached  :  various 
rods  or  cylinders  of  wax  to  make  the  apertures  for  the  runners  and  air  holes,  are 
fixed  about  the  figure  and  led  upwards.  The  whole  is  now  surrounded  with  a 
coating  of  loam  and  similar  materials,  the  inner  portion  of  which  is  ground  very 
fine  and  laid  on  with  a  brush  like  paint ;  and  the  outer  part  is  secured  with  iron 
bands.  When  all  has  boon  partially  dried  a  fire  is  lighted  beneath  the  grating  on 
which  the  figure  is  built,  to  cause  the  wax  to  run  out  through  one  or  more  apertures 
at  the  bane,  which  are  afterwards  stopped,  and  all  is  thoroughly  dried  and  secured 
iu  the  pit,  after  which  the  charge  of  the  furnace  is  let  into  the  cavity  left  by  the  wax. 

Secondly  ;  the  finished  figure  is  modelled  in  clay,  and  stuck  full  of  brass  pins 
just  flush  with  its  surface,  which  surface  is  now  scraped  away  as  much  as  the 

thickness  required  in  the  metal ;  the  reduced  figure  is  now  covered  with  wax 

mixed  with  pitch  or  rosin,  which  is  worked  to  the  original  size  with  all  the  exact- 
ness possible.  The  other  stages  are  the  same  as  in  the  foregoing ;  the  metal  studs 

or  pins  prevent  the  mould  and  core  from  falling  together,  and  they  afterwards 
melt,  becoming  a  part  of  the  metal  constituting  the  figure. 

Thirdly  ;  the  finished  figure  is  modelled  in  plaster,  and  a  piece-mould  is  made 

around  it,  the  blocks  of  which  consist  internally  of  a  layer  of  sand  and  loam  1 '. 
thick,  and  externally  of  plaster  one  foot  thick.  The  mould  when  completed  ia 

taken  to  pieces,  dried,  and  rebuilt  in  the  casting  pit ;  it  is  now  poured  full  of 
a  composition  suitable  for  the  core,  the  mould  is  again  taken  to  pieces,  the  core  is 
dried  and  scraped  to  leave  room  for  the  metal,  and  all  is  then  put  together  fur  tho 
last  time,  secured  in  tho  pit.  and  the  statue  is  cast. 

Tho  first  plan  ia  the  most  wasteful  of  metal,  the  third  the  least  so,  although  it  ia 
the  most  costly  when  tho  time  occupied  is  also  taken  into  account ;  but  it  bat  the 

advantage  of  saving  the  original  work  of  the  artist 
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to  the  chimney,  from  which  it  would  appear  to  have  derived  its 
name,  is  frequently  omitted,  the  two  or  three  furnaces  being 

often  built  side  by  side  in  the  open  foundry. 
At  the  basement  there  is  a  pedestal  of  brickwork  about  20  to 

30  inches  high,  upon  which  stands  a  cast-iron  cylinder  from  30 
to  40  inches  diameter,  and  5  to  8  feet  high;  this  is  lined  with 

road-drift,  which  contracts  its  internal  diameter  to  18  or  2-i 
inches.  The  furnace  is  open  at  the  top  for  the  escape  of  the 

flame  and  gases,  and  for  the  admission  of  the  charge,  consisting 

of  pig-iron,  waste  or  old  metal,  coke  and  lime,  in  due  proportion. 
The  lime  acts  as  a  flux,  and  much  assists  the  fusion ;  chalk  is 

considered  to  answer  the  best,  but  oyster-shells  are  very  com- 
monly used  where  they  are  abundant. 

At  the  back  of  the  furnace  there  are  three  or  four  holes  one 

above  the  other  for  the  blast,  which  is  urged  by  bellows  or  by 
a  revolving  fan.  No  crucible  is  used,  and  as  the  fluid  metal 

collects  at  the  bottom  of  the  furnace,  the  blast  pipe  is  succes- 
sively removed  to  a  higher  hole,  and  the  lower  blast-hole  is 

stopped  with  sand,  which  partly  fuses  and  secures  the  blast-hole 
very  effectually. 

The  front  aperture  of  the  furnace  through  which  the  metal  is 

allowed  to  flow  into  the  ladles  or  trough,  is  usually  made  suffi- 
ciently large  for  the  purpose  of  clearing  or  raking  out  rapidly  the 

fuel  and  slag,  as  the  process  is  most  laborious  owing  to  the  exces- 

sive heat.  This  aperture  is  closed  by  a  guard-plate,  fixed  on  by 
staples  attached  to  the  iron-case  of  the  furnace,  in  the  center  of 
which  plate  the  tapping  hole  is  made :  during  the  time  the  metal 
is  fusing  the  tap  hole  is  closed  by  sand  well  rammed  in,  and 
this,  if  well  done,  is  never  found  to  fail. 

Many  iron  furnaces  are  made  octangular,  and  in  separate 

parts  bound  together  by  hoops,  so  that  in  the  event  of  the 
charge  becoming  accidentally  solidified  in  the  cupola,  the  latter 
may  be  taken  to  pieces  for  its  removal,  and  thus  avoid  the 

necessity  of  destroying  the  furnace.  There  is  frequently  a  light 
framing  or  grating  above  the  furnace,  upon  which  the  small 
cores  are  placed  that  require  to  be  dried. 

In  some  foundries  the  cupolas  are  built  just  outside  the 

moulding-shop,  beneath  one  or  more  chimneys  or  shafts,  which 
carry  off  the  fumes ;  in  such  cases  the  fronts  of  the  furnaces  arc 

accessible  through  an  aperture  in  the  foundry  wall,  with  which 
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they  are  nearly  lln^Ii  ;   \\ln-n    tin-   furnaces   arc   lofty  then-  is  a 

4:iir»i  :it  tlu-  back,  from  which  the  charge  is  thrown  in. 
Fur  liciny  iron  ra-tiiiir-,  \\hich  sometimes  amount  to  thirty 

tun.-,  and  upwards  in  onr  ,  rrberatory  or  air  furnaces  are 
also  commonly  used;  the  ordinary  charge  for  these  is  four  to 
six  tons  of  iron,  and  five  or  six  furnaces  arc  commonly  built 

tluT,  so  that  they  may  be  simultaneously  tapped  in  the 

production  of  such  enormous  works.* 
For  melting  iron  in  the  small  way,  good  air  furnaces  may  be 

!,  and  also  some  of  the  black-lead  furnaces,  which  arc  blown 

with  bellows,  but  this  is  one  of  the  processes  that  is  not  successful 
upon  a  limited  scale. 

Considerable  judgment  is  required  in  proportioning  the  charge 
for  the  iron  furnace,  which  always  consists  of  at  least  two,  and 

often  of  half-a-dozen  kinds  of  new  pig-iron  mixed  together,  (as 
adverted  to  in  the  foot  note,  page  185,)  and  to  which  new  iron, 

a  small  proportion  of  old  cast-iron  is  usually  added.  The  kinds 
and  quantities  used  are  greatly  influenced  by  local  and  other 
circumstances,  so  that  nothing  can  be  said  beyond  a  few  general 
remarks. 

When  the  principal  object  is  to  obtain  sound  castings  with  a 
very  smooth    face,   as   for   ornamental  works  not   afterwards 
wrought,  the  soft  kinds  of  iron  containing  most  carbon,  which 

;io-t  fusible  and  flow  easily,  are  principally  used.    But  such 

*  A  few  of  the  modern  cupolas  greatly  exceed  the  air  furnaces  in  effect,  as  they 
are  calculated  to  contain  upwards  of  twelve  tons  of  melted  iron.  One  of  these, 

at  the  works  of  Messrs.  Nasmyths'  near  Manchester,  is  six  feet  two  inches  diameter 
externally,  and  lined  with  Stourbridge  bricks.  It  has  three  sheet  iron  tuyeres, 
nine  inches  diameter  at  the  mouth,  the  blasts  from  which  enter  the  furnace  at  three 

points  of  the  circle,  and  they  may  be  slid  like  telescope-tubes  to  either  of  the  four 

series  of  holes,  as  the  furnace  becomes  gradually  fill.-.]. 
There  are  three  other  furnaces  progressively  smaller,  arranged  beside  the  first  ; 

all  of  which  may  be  used  separately  or  in  combination  according  to  circumstances. 
The  blast,  which  is  under  corresponding  control,  is  obtained  from  two  revolving 
fan*,  five  feet  diameter,  making  above  1000  revolutions  per  minute. 

Messrs.  Acramans,  of  Bristol,  have  likewise  enormous  cupola  power  ;  they  have 

series  of  four  cupolas,  in  which  collectively  from  forty  to  forty-five  tons  of  iron 
may  be  melted  at  one  time. 

In  some  cupolas  the  top  is  contracted  by  a  cone  made  of  iron  plate  ;  in  Tatos's 
patent,  a  brick  tnmk  is  built  upon  the  cupola,  with  narrow  arches  crossing  the 
trunk  at  right  angles  :  this  economises  the  heat  by  causing  the  flame  and  gaseous 
matters  to  be  retarded,  from  pursuing  a  serpentine  course  in  their  escape. 
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metal  would  neither  possess  sufficient  hardness,  durability,  nor 
strength,  for  many  of  the  castings  employed  in  the  construction 
of  edifices  and  machinery. 

If  the  cupola  contained  a  little  hard  pig-iron,  but  were  in 
great  measure  filled  with  old  cast-iron,  which  had  been  re- 

peatedly melted,  and  had  become  successively  harder  from  the 
loss  of  carbon  at  every  fusion  ;  such  castings  would  be  brittle, 
and  sometimes  so  hard  as  scarcely  to  admit  of  being  cut,  these 

would  be  equally  unfit  for  the  generality  of  machinery  from  the 

opposite  causes. 
But  the  same  mixture  of  iron  will  be  found  to  differ  very 

much  according  to  the  size  of  the  objects  in  which  it  is  cast; 

iron,  which  in  a  plate  one-fourth  of  an  inch  thick  may  be  quite 
brittle  and  hard,  will  mostly  be  of  good,  soft,  and  useful  quality, 

in  a  stout  bar  or  plate  of  two  or  three  inches  thick.  Thick  cast- 
ings are  necessarily  slow  in  cooling,  and  are  seldom  very  hard, 

unless  intentionally  made  so. 

Between  the  extremes,  (say  three  parts  of  pig-iron  to  one  of 
old,  or  three  parts  of  old  iron  to  one  of  pig-iron,)  various  qualities 
may  be  selected ;  in  castings  for  machinery  the  general  aim  is  to 
obtain  a  strong,  sound,  and  tough  iron ;  mixtures  of  this  nature 

which  are  used  for  iron  ordnance,  are  called  gun-metal  amongst 

the  gun-founders. 
The  fireman,  or  the  individual  having  the  management  of  the 

furnace,  therefore  always  employs  the  scales  in  mingling  the  dif- 
ferent kinds  of  iron,  according  to  the  magnitude  and  character 

of  the  works  to  be  cast ;  and  until  the  sorts  in  use  are  familiarly 

known,  it  is  partly  a  matter  of  trial,  and  requires  the  same 

attention  as  the  making  of  alloys  properly  so  considered.* 

*  When  the  management  of  cast-iron  was  less  efficiently  understood,  it  was 
occasionally  alloyed  with  five  or  six  per  cent,  of  shreds  of  copper,  thrown  into  the 

ladle  full  of  iron  to  produce  a  close,  sound,  strong  metal,  suitable  to  three-throw 
cranks  for  pumping  machinery,  and  other  purposes.  It  is  said  that  ten  per  cent. 

of  copper  renders  cast-iron  malleable,  and  that  alloyed  with  copper  or  tin  it  is  less 
disposed  to  rust :  all  these  alloys  may  be  now  viewed  as  matters  of  experiment  alone. 

It  is  much  to  be  regretted  that  no  protection  has  yet  been  found  to  prevent 

the  conversion  of  cast-iron  into  plumbago,  or  the  carburet  of  iron,  from  long 
immersion  in  sea-water,  or  the  water  of  copper  mines,  sewers,  and  other  places. 
This,  which  is  a  most  serious  inconvenience  in  dock  works,  sea  walls  and  mines, 

arises,  says  Dr.  Faraday,  from  the  circumstance  that  the  protoxide  of  iron,  formed 
beneath  salt  waiter,  is  soluble,  and  becomes  washed  away,  thus  robbing  the  original 
mass  of  its  iron ;  whereas  the  peroxide,  or  ordinary  rust  formed  by  exposure  to 
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i  iron  is  melted,  (the  common  charge  being  two- 
to  f«.,  nit  sometimes  above  twelve  tons,)  the 

cupola  i>  t;ii>i)cil  in  front,  at  a  hole  close  to  the  bottom,  which 

allows  the  whole  contents  to  run  out,  cither  into  ladles,  or  in  very 

large  works,  into  channels  leading  directly  to  the  moulds.* 

In  pouring  iron,  the  means  of  conveying  the  melted  metal  to 

tin-  Ha-ks  diller  with  the  quantity.  One  man  will  carry  from 
titty  to  sanity  pounds  in  a  hand-ladle;  three  to  five  men  will 
carry  from  two  to  four  cwt.  in  a  double  hand-ladle,  or  a  shank : 
larger  quantities  amounting  sometimes  from  three  to  six  tons  are 

carried  in  the  crane-ladle.  These  all  possess  one  feature  in  com- 
mon, namely  their  handles  or  pivots  are  placed  but  slightly  above 

the  center  of  gravity  of  the  ladles;  they  may  therefore  be  tilted 

very  readily,  as  their  fluid  contents,  in  obeying  the  law  of  gravi- 
tation, arc  almost  neutral  in  the  operation  of  tilting,  which  they 

scarcely  assist  or  retard,  unless  by  mismanagement  the  ladle  is 

<>\rr-filled,  and  thus  rendered  top-heavy. 
All  these  ladles  are  coated  with  a  thin  layer  of  loam,  and  every 

time  before  use,  they  are  brushed  over  with  black  wash,  and  care- 
fully dried.  The  hand-ladle  has  a  handle  three  or  four  feet  long, 

with  a  crutch  or  cross  piece  at  the  end,  which  is  mostly  held  in 

the  left  hand;  frequently  the  contents  of  half  a  dozen  or  more 

hand-ladles  are  poured  simultaneously  into  the  same  flask.  The 
shank  has  a  single  handle  on  the  one  side,  and  one  made  in  two 
branches  at  the  other,  and  together  they  measure  six  to  eight 

in  length;  the  tilting  is  completely  under  the  command  of 

tin-  one  or  two  men  at  the  double  handle. 

The  crane-ladle  is  carried  from  the  furnace  to  the  mould  by 
the  swinging  and  traveling  motions  of  the  crane,  which  is  similar 

liosc  used  at  the  iron  forges,  &c.  (see  p.  190,)  and  in  very 

[the  air,  is  insoluble,  and  serves  partly  as  a  defence  to  the  metal  beneath.  When 
•nt  railed  from  the  Ma-water,  the  plumbago  becomes  exceedingly  hot  from  the 

potion  of  the  atmosphere ;  it  may  be  cut  with  a  knife  like  an  ordinary  pencil. — 
1  of  Conversation,  ID«t.  Civ.  Engineers,  8th  Feb.  1842. 

*  The  furnace  is  not  unfreqneotly  tapped  whilst  the  charge  of  metal  is  being 
J,  and  in  such  oases  when  the  required  quantity  has  been  removed  into  the 

\  the  fireman  re-stops  the  tap-hole,  by  a  conical  plug  of  clay  on  the  end  of  a 
Brooden  bar ;  the  process  is  called  betting,  and  requires  a  dexterous  hand,  or  the 

wh»lo  contents  of  the  furnace  may  escape. 

B  a 
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large  foundries,  the  plan  of  the  building  is  divided  into  imaginary 
squares  with  a  crane  in  the  center  of  every  square,  so  that  the 
ladle  is  walked  from  one  to  the  other,  even  to  the  far  end  of  the 

shop,  with  great  facility  and  expedition. 

The  bail,  or  handle  of  the  crane-ladle,  is  fixed  in  its  perpendi- 
cular position  by  the  guard,  a  simple  bolt  which  prevents  the 

ladle  from  being  overset  by  accident  until  it  has  reached  its  desti- 
nation. Two  long  handles,  terminating  in  forked  branches,  are 

now  fitted  by  their  square  sockets  upon  the  swivels  or  pivots  of 

the  crane-ladle,  and  secured  by  transverse  keys,  after  which  the 
guard  is  withdrawn ;  and  then  two  men  at  the  ladle,  two  others 
at  the  crane,  and  one  to  skim  the  dross  from  the  lip  of  the  ladle, 

commonly  suffice  to  manage  two  or  three  tons  and  upwards  of 

fluid  iron,  with  great  ease  and  dexterity.* 
The  observations  offered  on  p.  344,  respecting  the  temperature 

of  the  metal  suitable  to  different  brass  works,  might  be  here  in  a 

great  measure  repeated :  namely  that  the  smallest  castings  require 
very  hot  metal,  and  a  gradually  lower  temperature  is  more 

suitable  to  works  progressively  heavier,  to  avoid  their  becoming 

sand-burned  or  rough  on  the  face,  from  the  partial  destruction  of 
the  mould. 

When  cast-iron  is  very  hot,  the  metal  scintillates  most  beauti- 

fully, far  more  vividly  than  a  mass  of  wrought-iron  raised  above  the 
welding  heat  ;  as  the  metal  cools,  the  sparks  become  intermittent, 

and  at  last  the  metal  remains  entirely  quiet,  excepting  a  multi- 
tude of  lines  vibrating  in  all  directions,  as  if  the  surface  were 

covered  with  thousands  of  wire-worms  in  great  activity;  this 
effect  lessens  until  the  metal  solidifies.  The  softest  iron  shows 

most  of  this  play  of  lines,  or  is  said  to  break  the  best. 
Iron  castings  are  generally  much  heavier  than  those  of  brass, 

and  the  melting  heat  of  the  metal  being  considerably  higher,  the 

quantity  of  gas  generated  is  very  much  greater ;  additional  care 

is  consequently  required  to  provide  for  its  escape,  or  the  explo- 
sions are  much  more  violent.  The  sand  is  punctured  at  many 

*  Mr.  Nasmyth  has  added  to  the  pivot  of  the  large  crane-ladle,  a  tangent-screw 
and  worm-wheel,  by  which  it  may  be  gradually  tilted  by  one  man  standing  directly 
in  front  at  any  convenient  distance ;  and  another  man  skims  the  metal  by  a  kind 

of  throttle-valve  coated  with  clay,  which  sweeps  into  the  lip  of  the  ladle,  and  keeps 
back  the  sullage  :  the  axis  of  the  skimmer  is  continued  as  a  long  rod,  at  right  angles 
to  the  first,  and  also  terminating  in  a  cross.  By  these  arrangements  any  precise 

quantity  of  metal  can  be  delivered,  and  the  risk  of  accident  scarcely  exists. 
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places  with  a  fino  wire,  before  the  removal  of  the  patterns; 
sometimes  also  more  coarsely  as  soon  as  the  metal  has  become 
solidified.  The  gases  issuing  from  the  filled  moulds  arc  oft.  u 

li^htrd,  cither  by  the  red-hot  skimmer,  or  by  a  torch  of  straw 
with  \\Inch  the  moulds  are  flojriri  .1  this  lessens  the  accumulation 

s  and  the  consequent  risk  of  accident. 
The  pouring  of  very  large  objects  in  open  moulds,  such  as  plates, 

beams  and  jrinlers,  is  a  very  beautiful  and  ̂ rand  sight.  The 
metal  is  led  from  the  furnace,  through  a  gutter  lined  with  sand, 
into  a  large  trough  or  »ow,  the  end  of  which  is  closed  with  a 
shuttle  ;  when  the  sow  is  full,  the  shuttle  is  raised  ;  this  allows 

the  metal  to  flow  very  quiekly  into  the  mould,  but  enables  it  to 
be  kept  back  should  it  be  unnecessarily  hot ;  the  castings  made 

in  open  moulds  are  generally  covered  up  with  sand  as  soon  as  the 
metal  is  set. 

The  above,  and  the  casting  of  smaller  objects,  such  as  flat 

plates  in  open  moulds,  may  appear  amongst  the  most  certain 
modes  of  procuring  sound  castings ;  but  unless  the  air  be  well 

drawn  from  the  lower  surfaces,  they  will  become  honey-combed 
or  full  of  air-bubbles.  This  defect  is  avoided  by  making  the 
sand-bed  sufficiently  porous,  and  pricking  it  with  many  holes  just 
below  the  surface,  to  serve  as  horizontal  «/>-draiu.s. 

*  In  casting  lead,  tin,  &c.  on  a  flat  metallic  plate,  the  formation  of  air-bubbles  ia 
1  dunned  by  placing  a  sheet  of  dry  paper  on  the  plate  ;  it  appears  to  keep  down 
any  little  bubbles  of  air  or  vapour,  and  to  provide  a  thin  channel  for  their  escape. 

But  the  most  perfect  example  of  a  porous  mould  is  that  invented  by  Lord  Oxman- 
.  to  avoid  the  formation  of  air-bubbles  in  those  speculuma  which  are  cast  in 

"1-n  moulds.    The  plate,  or  bed  of  the  mould,  consists  of  a  great  number  of  slips 
•p  iron  placed  edgeways  and  in  contact ;  they  are  screwed  tight  within  a  frame, 

and  ore  then  turned  in  a  lathe  to  the  required  curve  :  by  this  arrangement  inter- 
asiees  exist  at  nearly  every  point  through  which  the  air  may  escape  downwards. 

culum  metal  is  perhaps  the  most  untractable  of  any  of  the  alloys,  and  it  serves 
to  illustrate  in  a  moat  striking  manner  many  of  the  effects  that  occur  in  castings 
generally.    Small  speculum*  are  cast  in  sand  ;  as  soon  as  they  are  set,  the  sand  core 

the  aperture  in  such  as  are  intended  for  Gregorian  telescopes, 

ible  them  to  contract  without  fracture,  and  the  rod-hot  disk  is  surrounded 

.ted  wood-whos  or  any  very  bad  conductor,  to  delay  the  cooling. 
CM  precautions  entirely  fail  with  large  speculum*,  as  the  margins  solidify  the 

fii>t.  and  from  the  absence  of  ductility,  the  central  parts  tear  away  in  the  act  of 
Action,  and  the  mass  btotMMi  rant  or  flawed.    Lord  Oxmantown  considered 

this  fracture  would  be  avoided  by  cooling  the  speculums  in  «m/orm  laym  from 

below  upwards,  or  as  it  were  in  infinitely  thin  laming),  and  he  therefore  first  employed 
moulds  which  were  cooled  by  a  stream  of  water  projected  against  their  under 
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A  far  greater  number  of  works  are  cast  in  close  moulds,  and  in 

the  horizontal  position ;  the  proportionate  quantity  of  metal  is 
carried  to  them  in  ladles,  skimmers  are  held  to  the  lips  of  the 

moulds  at  the  time  of  pouring,  to  keep  back  all  the  sullage  or 
dross.  The  number,  position,  and  height  of  the  runners,  are 

determined  by  circumstances ;  generally  not  less  that  two  aper- 
tures are  provided,  the  first  for  the  entry  of  the  metal,  the  second 

for  the  escape  of  the  air,  and  to  allow  the  metal  to  flow  through 
the  mould  and  carry  off  the  sullage. 

Sometimes  in  heavy  castings,  in  addition  to  the  runners  one 
or  more  large  heads  or  feeds  are  made  at  the  upper  part,  to 

supply  fluid  iron  as  the  metal  shrinks  in  the  act  of  solidifying ; 
and  in  some  such  cases  the  feed  is  pumped,  by  moving  an  iron 
rod  up  and  down  in  the  feed  to  keep  the  metal  in  motion,  so  that 

for  a  time  the  metal  may  freely  enter  and  the  air  escape,  to  in- 
crease the  general  soundness  of  the  mass.  The  pumping  should 

however  be  discontinued,  the  moment  the  metal  begins  to  stiffen 

and  clog  the  iron  rod,  or  in  other  words  to  crystallise,  otherwise 
mischief  instead  of  benefit  will  accrue. 

Works  which  are  required  to  be  particularly  sound,  as  some 

cylinders,  pipes,  shafts  and  plungers,  are  cast  vertically,  the 
moulds  are  sunk  in  the  earth,  and  well  rammed  to  enable  them 

to  withstand  the  great  pressure  of  the  fluid  column,  without 

becoming  strained  or  bursting  open.  Such  objects  are  moulded 

and  poured  with  a  head,  or  an  additional  portion  about  one- 
third  the  length  of  the  finished  casting,  as  mentioned  in  respect 
to  brass  guns. 

In  pouring  cylinders  of  tolerably  large  size,  the  metal  is 

surfaces ;  this  partially  answered  with  small  speculums,  but  with  those  of  18  inches 

diameter  it  almost  always  failed,  as  the  mould  cracked  before  the  metal  was  con- 
gealed. A  general  source  of  failure  was  the  non-escape  of  air ;  this  caused  the 

lower  surface  to  be  full  of  air-bubbles,  which  it  was  tedious  to  grind  out. 
The  plan  ultimately  adopted  was  the  porous  hoop-iron  mould,  with  a  marginal 

ring  of  sand ;  the  mould  was  heated  to  about  212°  F. ;  it  was  filled  very  quickly, 
and  the  moment  the  metal  was  solidified,  it  was  drawn  into  an  annealing  oven 

previously  heated  to  about  the  same  temperature  as  the  casting ;  so  that  for  small 
reflectors  of  nine  inches  diameter,  the  cooling  might  be  extended  over  about  three 

days,  and  for  large  ones  of  thirty-six  inches  diameter  over  about  fourteen  days  : 
with  these  precautions  the  process  was  uniformly  successful. — See  Trans.  1 ! 

Soc.,  1840,  pp.  510,  11.  The  whole  of  the  paper  "  On  the  Reflecting  Telescope," 
pp.  503  to  527,  is  quite  a  study  for  those  interested  in  the  construction  of  telescopes, 
and  possesses  nearly  the  same  interest  for  the  general  mechanist. 

The  reader  is  referred  to  the  Appendix  of  this  volume,  note  F,  page  462. 
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conducted  tY»m  (he  sow  through  two  sunk  passages  with  aide 
branches,  <  ntcring  the  mould  in  the  direction  of  tangents  about 

-third  from  the  bottom,  these  keep  the  metal  in  circulation, 
and  a>M^  the  rise  of  the  sullage ;  cylinders  arc  also  poured 
through  holes  in  the  loam  cake,  other  apertures  bein^  always 
provided  in  it  for  the  escape  of  the  air.  Beneath  the  iron  plate 

upon  which  the  mould  is  built,  is  placed  a  central  mass  of  hay- 
bands,  in  order  that  the  air  may  have  free  passage  to  collect,  and 
then  to  escape  upwards  to  the  surface  of  the  earth,  through  one, 
two,  three,  or  more  internal  or  external  tubes,  as  the  case  may  be. 
The  thick  cylinders  for  hydrostatic  presses  are  closed  at  one  end, 
and  those  cast  with  the  mouth  downwards,  require  an  air  tube 

bent  at  each  end,  to  lead  from  the  core  beneath  the  casting  to 
the  surface  of  the  earth ;  the  gas  drives  out  in  a  stream,  and  is 
immediately  ignited  like  a  great  torch:  others  prefer  casting 
them  with  the  mouth  upwards,  in  order  that  less  risk  may  exist 
of  locking  up  air  within  the  casting. 

For  the  very  heaviest  works  the  three  or  four  furnaces  are 
usually  tapped  at  the  same  moment,  the  stream  from  every  one 
is  conducted  through  a  sand  trough,  and  they  all  unite  in  one 
great  trunk  leading  to  the  mould. 

In  pouring  some  of  the  largest  cylinders,  the  trough  is  led 
entirely  round  the  top  of  the  loam  mould,  and  from  the  circular 
channel,  sometimes  as  many  as  thirty  runners,  every  one  of 
which  is  stopped  by  a  shovel  held  by  a  man  or  a  boy,  descend 

to  the  mould,  and  as  many  air-holes  are  made  between  the 
ingatcs.  When  the  foreman  sees  that  all  the  furnaces  arc  in 

full  run,  and  that  the  channels  are  well  supplied,  he  gives  the 

word,  "  up  shovels"  they  rise  at  the  instant,  and  allow  the  molten 
stream  to  deposit  itself  in  its  temporary  resting-place. 

At  the  time  the  cylinder  is  poured,  all  the  precautions  explained 
in  the  note,  p.  362,  are  necessary  to  give  the  mould  sufficient 
strength  to  resist  the  pressure  of  the  fluid  metal ;  but  as  soon  as 
it  becomes  set,  the  conditions  are  altered,  and  this  resistance 

mst  be  removed  from  the  inner  surface,  that  the  cylinder  may 
shrink  in  cooling  without  restraint  or  fracture.  Accordingly, 

ter  three  or  four  hours'  time,  all  the  diametrical  iron  stays  are 
knoeked  away  by  a  vertical  weight  or  monkey,  and  men  descend 

by  iron  ladder^  into  the  cylinder,  to  break  down  the  brick  core. 
The  heat  is  so  terrific  that  they  can  only  endure  it  for  a  minute 
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or  so  at  a  time,  but  still  the  precaution  is  imperative  :  and  even 

in  comparatively  small  castings  of  hollow  objects  such  as  cylin- 

ders, pans  and  boxes,  it  is  desirable  to  break  down  the  cores,  to 

prevent  the  castings  from  scoring  or  breaking. 

Although  some  iron  castings  employed  for  bridges,  girders, 

and  even  for  machinery,  require  the  enormous  quantities  of 

iron  referred  to,  on  the  other  hand  this  useful  metal  is  employed 

for  exceedingly  light  and  beautiful  castings,  abundant  examples 

of  which  may  be  seen  in  the  Berlin  ornaments  and  chains.*  The 

links  of  most  of  the  Berlin  chains  are  connected  with  wrought- 

iron  wire,  but  figs.  195  and  196  represent  a  chain  made  entirely 

by  the  process  of  casting. 

Fig.  195.  Fig-  196. 

Its  length  is  4  feet  10  inches,  it  consists  of  about  180  links, 

and  weighs  1§  oz.  avoirdupois.  It  was  thus  made,  the  larger 
links  a  a}  were  first  cast  separately,  a  solid  model  of  the  chain 
about  8  inches  long,  with  core  prints  as  in  fig.  196,  was  then 
moulded ;  the  links  «,  previously  smoked  to  prevent  the  adhesion 
of  the  metal,  were  first  laid  in  the  mould,  and  afterwards  the  sand 

cores  b  b,  and  a  separate  runner  was  made  to  every  one  of  the 
small  links  c  c,  so  as  to  unite  the  whole  when  poured.f 

*  Through  the  kindness  of  John  Taylor,  Esq.,  F.R.S.,  T.G.S.,  &c.,  I  am  possessed 

of  some  of  these  gems  of  art  in  the  condition  in  which  they  left  the  moulder's 
hands,  and  also  a  portion  of  the  sand  employed  :  notwithstanding  the  minute  size 
of  the  castings,  some  of  them  are  quite  hollow  as  if  stamped  out  of  thin  steel  metal. 

Professor  Ehrenberg  says,  that  the  iron  employed  for  them  is  made  from  a  bog 

iron  ore,  and  that  the  sand  is  a  kind  of  tripoli,  also  containing  iron :  both  ar> 
tirely  constituted  of  various  kinds  of  animalcules,  several  of  which  are  found,  bot 

in  the  fossil  and  recent  states,  in  the  neighbourhood  of  Berlin.     Vide  Paper  re 
by  Prof.  Ehrenberg,  at  the  Royal  Academy  of  Sciences,  Berlin,  July  7,  1836;  anc 

also  "  Scientific  Memoirs,  Vol.  I.,  part  3."     ( Wilkinson's  Engines  of  War,  p.  219.) 
t  Three  such  chains  were  cast  by  a  German  workman  in  the  employment  of 

Messrs.  Harvey  &  Co.,  of  the  Hayle  Foundry,  Cornwall,  although  in  the  same 

;  ilishment  they  occasionally  cast  twenty  tons  in  one  piece.    A  large  and  a  small 

link  of  the  chain,  weigh  together  v'ujht  yrainst 
See  note  AA,  Appendix,  vol.  ii.  page  974. 
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concluding  duty  of  the  iron-founder,  is  to  remove  the 

castings  from  the  mould  and  to  break  off  the  runners ;  after  this 

all  the  loose  sand,  (which  d  for  making  the  part  inu's  of 
future  moulds,)  is  scraped  off  with  iron  xhmels  :md  wire  scratch 

brush,  -v,  and  the  scams  arc  smoothed  otl'  with  chisels  and  old  fi 
The  skin  or  crust  of  a  casting  made  in  a  sand  mould,  is  in 

general  harder  than  that  of  a  loam  casting;  this  appears  to  occur 
i  the  former  being  partially  chilled  by  the  moisture  of  the 

sand.   In  some  cases,  as  in  the  teeth  of  wheels,  it  is  desirable  to 

a  this  hard  sand  coat,  on  account  of  its  greater  durability ; 
but  when  the  cru>t  is  partially  removed  from  thin  or  slight  works 

Distantly  happens  that  they  spring  or  become  distorted  whiUt. 
under  the  treatment  of  tools  from  the  general  balance  of  strength 
being  disturbed  by  the  partial  removal  of  the  crust.     This  gives 

to  continual  interferences,  which  come  however  under  the 
consideration  of  the  mechanician  rather  than  of  the  founder. 

crust  of  the  casting  which  always  retains  some  sand,  is 
destructive  to  the  tools  unless  they  can  be  sent  in  deep 

enough  to  penetrate  to  the  clean  metal  beneath ;  when  but  little 
is  to  be  removed  from  the  casting,  or  that  they  are  wrought  with 
expensive  tools  and  circular  cutters,  it  is  desirable  to  pickle  the 

works,  or  to  undermine  the  sand  by  dissolving  a  little  of  the 
!  with  some  acid. 

Iron  castings  are  pickled  with  sulphuric  acid  diluted  with 
about  twice  as  much  water,  the  castings  if  small  are  immersed  in 
a  trough  lined  with  lead  ;  or  else  the  acid  is  sprinkled  over  them, 
in  two  or  three  days  a  thin  crust,  like  an  ellloresceuce,  may  be 
washed  off  with  the  aid  of  water  and  slight  friction. 

Brass  and  gun-metal  when  pickled,  require  nitric  acid  diluted 
with  four  to  six  times  as  much  water,  otherwise  the  rou^h  coat 

umld  be  removed  with  an  old  file  or  a  triangular  scraper,  but 
ihieh   is  less  effect  he  than    the   dilute  acid;  this  acid  liquor 

lould  be  also  kept  in  li  -sels,  or  in  those  of  wt 

earthenware,  or  glass.     The  yellow  brass  is  much  improved  In- 
good  but  equal  condensation  with  the  hammer,  and  in  t 

whatever  action  the  metals  are  subjected,  v,  atnral  in  the 
mould,  or  artificial  under  the  hammer  and  tools,  it  isof  primary 
importance  that  all  parts  should  be  treated  as  nearly  alike  as 

.ijlc. 
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CHAPTER  XVIII. 

WORKS  IN  SHEET  METAL,  MADE  BY  JOINING. 

SECT.  I   ON  MALLEABILITY,  ETC.  ;    DIVISION  OF  THE  SUBJECT. 

THE  process  of  casting  which  has  been  recently  considered 
under  so  great  a  variety  of  forms,  is  one  of  the  most  valuable 

courses  of  preparation  to  which  the  metallic  materials  are  sub- 
mitted. In  the  foundry,  the  metals  are  made  to  assume  an 

infinitude  of  the  most  arbitrary  shapes,  but  which  are  in  general 
more  or  less  thick  or  massive.  It  is  now  proposed  to  consider,  a 
few  of  the  methods  and  principles  of  another  very  extensive  and 
serviceable  employment  of  the  malleable  metals  and  alloys,  which 
(excepting  iron,)  are  cast  into  thick  slabs  or  plates,  and  then 
laminated  into  thin  sheets  between  cylindrical  rollers. 

Boilers  have  been  used  for  a  considerable  period  in  the  manu- 
facture of  sheets  of  malleable  iron,  steel  and  copper,  when  in  the 

red-hot  state,  but  most  others  of  the  metals  and  alloys  are  rolled 
whilst  cold;  and  which  economic  application  of  power  often  nearly 
supersedes  the  use  of  the  hammer,  as  it  performs  its  functions  in 
a  more  uniform  and  gradual  manner ;  and  at  the  same  time 
increases  to  the  utmost,  the  harduess,  tenacity,  elasticity,  and 
ductility  of  such  of  the  metals  and  alloys,  as  are  submitted  to  this 
and  similar  courses  of  preparation  for  the  arts.  As  stated  at  the 
beginning  of  the  twelfth  chapter,  these  processes  of  condensation 
cannot  be  carried  to  the  extreme,  without  frequent  recurrence 
at  proper  intervals  to  the  process  of  annealing ;  and  in  rolling 
the  thinnest  sheets  of  metal,  several  are  frequently  sent  through 

the  rollers  at  the  same  time ;  but  as  in  the  instances  of  tin-foil, 
gold  and  silver  leaf,  and  some  others,  the  hammer  is  again 
resorted  to  after  the  metals  have  been  rolled  as  thin  as  they  will 

economically  admit  of,  in  this  process  of  part-manufacture. 
None  of  these  preparations  of  the  metals  can  go  on  without 

a  material  internal  change  of  their  substance,  to  which  the 

celebrated  Dr.  Daltou  thus  refers :  "  Notwithstanding  the 
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hardness  of  solid  bodies,  or  the  dilhYulty  of  mo\in^  tin-  particles 
one  amongst  the  other,  then  are  several  that  admit  of  such  motion 

without  fracture,  by  tin-  application  of  proper  force,  especially 
>si>te»l  by  heat.  The  ductility  and  malleability  of  the 

metals,  need  only  b  •  mentioned.  It  should  seem  the  particles 

L'l  i,  le  along  each  other's  surface,  somewhat  like  a  piece  of  polished 
inm  at  tin-  end  of  a  magnet,  without  being  at  all  weakened  in 
their  cohesion."  * 

This  gliding  amount  the  particles  of  metals  is  exemplified  by 
the  action  of  thinning  them  by  blows  of  the  hammer;  likewise 

by  the  actions  of  laminating  rollers  and  the  draw-bench,  in 
which  cases  the  external  layers  of  the  metals  are  retarded  or 
kept  back  as  it  were  in  a  wave,  whilst  the  central  stream  or  sub- 

stance, continues  its  course  at  a  somewhat  quicker  rate.  The 

in  eessity  for  annealing  occurs,  when  the  compression  and  sliding 
have  arrived  at  the  limit  of  cohesion ;  beyond  this  the  parts 
would  tear  asunder,  and  produce  such  of  the  internal  cracks  and 

seams  met  with  in  sheet-metal  and  wire,  as  are  not  due  to 

original  flaws  and  air- bubbles,  which  have  become  proportionally 
elongated  in  the  course  of  the  manufacture  of  these  materials. 

A  sliding  or  gliding  of  a  very  similar  nature  occurs  also  in 

every  case  in  which  the  metals  are  bent ;  and  this  differs  only 
in  degree,  whether  we  consider  it  in  reference  to  a  massive  beam, 

a  permanently  flexible  spring,  a  piece  of  thin  sheet  metal,  or  a 

film  of  gold  leaf.  For  instance,  the  curvature  of  a  cast-iron 
beam  originally  straight,  is  produced  by  the  stretching  or  exten- 

sion of  the  lower  edge,  and  the  shortening  or  compression  of  the 

upper  edge,  the  central  line  or  the  neutral  axis,  remaining 
unaltered  during  the  process.  In  like  manner  a  spring  derives 
its  elastieity  from  the  extension  and  compression  of  its  opposite 

surfaces  at  every  flexure ;  and  the  spring  remains  permanent,  or 
endi  ,( irk  without  alteration  of  form,  when  the  bending 

is  not  carried  beyond  its  limit  of  elasticity :  but  when  it  is  bent 
Mid  a  certain  point,  the  spring  cither  retains  a  permanent 

set  or  distortion,  or  it  will  break.  In  the  same  manner  the  beam 

\\hen  only  bent  to  the  limit  of  its  elasticity,  returns  to  its 
original  form  when  the  load  is  relieved,  and  the  constant  study 

the  engineer  is  so  to  proportion  the  beam,  that  it  may 

•  Dr.  Button's  New  System  of  Chemical  Philosophy,  1808,  p.  209. 
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never  be  required  to  exceed,  nor  even  to  arrive  at  the  limit  of  its 
clastic  force.  For  tliose  parts  of  mechanism  exposed  to  sudden 

shocks  and  strains,  he  will  employ  wrought-iron,  the  cohesive 
strength  of  which  is  considerably  greater  than  that  of  cast-iron, 
although  less  than  that  of  steel,  which  is  the  strongest  and 
most  permanently  elastic  of  all  metallic  substances. 

The  thin  metals  also  possess  some  elasticity,  but  this  dies 

away  before  they  reach  the  tenuity  of  leaf  gold,  in  which  how- 
ever, the  bending  cannot  be  accomplished  without  a  similar 

change  in  the  arrangement  of  its  opposite  sides,  although  the 
difference  is  beyond  the  reach  of  our  physical  senses. 

If  we  desire  to  wrap  a  piece  of  gold  leaf  around  a  cylinder  of 
half  an  inch  diameter,  so  small  is  the  resistance  that  the  least 

puff  of  breath  suffices ;  a  piece  of  thin  tin-foil  offers  no  more 
resistance  than  writing-paper;  thin  latten-brass,or  China  tea-lead, 
is  bent  more  easily  than  a  card ;  brass  and  iron  the  thirtieth 
or  fortieth  of  an  inch  thick,  could  be  readily  bent  with  a  wooden 

mallet ;  but  metal  of  one-eighth  of  an  inch  thick  would  call  for 
smart  blows  of  a  hammer,  and  in  iron  and  steel  the  further 

assistance  of  heat  would  be  likewise  required,  because  in  the 
last  case  a  very  considerable  amount  of  the  sliding  motion  of 
the  metal  would  be  called  into  play. 

For  example,  the  piece  of  metal  £  of  an  inch  thick,  was 
originally  flat  and  of  the  same  size  on  its  opposite  surfaces; 
whereas  now,  neglecting  any  alteration  of  thickness,  the  inner 
part  would  equal  the  circumference  of  a  circle  £  an  inch  diameter, 
and  the  outer  that  of  a  circle  of  |  inch  diameter ;  or  it  would 

become  1^  and  2 £  inches  long  respectively  on  its  opposite  surfaces. 
To  produce  this  change  of  dimensions,  would  necessarily  require 
far  greater  force  than  the  bending  of  the  gold  leaf,  the  internal 
and  external  measures  of  which,  viewed  as  a  cylinder,  could  be 
ascertained  alone  by  calculation,  and  not  by  ordinary  means. 
On  the  other  hand,  the  sliding  of  the  thick  sheet  of  metal  would 

be  illustrated  most  distinctly,  if  several  pieces  of  writing-paper, 
equal  to  the  original  metal  individually  in  surface  and  collect- 

ively in  thickness,  were  wrapped  around  the  same  cylinder. 
The  inner  paper  would  exactly  meet,  the  outer  would  present 
an  open  seam  f  inch  wide.  The  metals  possessed  of  the 
malleable  property,  undergo  a  nearly  equal  change  in  their 
arrangement ;  but  the  unmalleable  or  brittle  metals  break. 
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nil  of  the  processes  of  working  the  sheet  metals  are  closely 
analogous  to  those  employe!  in  forging  ordinary  works  in  iron 
and  steel ;  the  differences  being  mainly  such  as  arise  from  the 
thin  and  thick  states  of  the  respective  materials,  and  their  relative 
degrees  of  i  or  resistance;  the  illustrations  will  be 

selected  indiscriminately  from  \arious  trades  in  which  the  sheet 
i  Is  arc  employed.  It  appears  desirable  however,  to  separate 

the  subject  into  two  principal  parts  :  namely,  the  formation  of 
objects  tome  lines  of  uhich  arc  straight;  and  the  formation  of 

objects  wo  lines  of  which  arc  straight. 
The  first  division  comprehends  all  objects  with  plane, cylindrical 

or  conical  surfaces,  such  as  may  be  produced  in  pasteboard,  by 
cutting  out  the  respective  sides,  either  separately  or  in  clusters, 
and  combining  them  in  part  by  bending,  and  in  part  by  cement. 
Similar  works  in  metal  are  often  produced  by  the  precisely 
analogous  means,  of  cutting,  bending,  and  uniting,  and  which 
call  for  increase  of  strength  in  the  methods,  proportioned  to  the 
rigidity  of  the  materials. 

The  second  division  comprehends  all  objects  with  surfaces  of 

double  curvature,  including  spherical,  elliptical,  parabolical,  and 

arbitrary  surfaces;  as  in  reflectors,  vases,  and  a  thousand  other 
things  :  none  of  which  forms  can  be  produced  in  stiff  pasteboard, 
because  this  material  is  incapable  of  being  extended  or  contracted 

in  different  parts,  in  the  manner  of  sheet-metal;  this  is  easily 
shown,  by  the  following  case  amongst  others. 

Terrestrial  globes  are  covered  with  thin  paper,  upon  which  the 
delineation  of  the  surface  of  the  earth  has  been  printed;  the 

paper  may  be  cut  into  twelve  gores,  or  fish-shaped  pieces,  all 
including  thirty  decrees  from  pole  to  pole.*  But  the  same  gores 
cut  out  of  pasteboard  could  not  be  applied  to  the  surface  of  a 

globe,  as  pasteboard  does  not  admit  of  that  degree  of  gradual 
;iM<tn  and  contraction,  required  for  the  production  of  spherical 

and  similar  raised  forms,  from  pieces  originally  flat,  but  will 
become  abruptly  bent  and  torn  in  the  attempt. 

On  the  contrary,  a  round  disk  of  metal  may  be  beaten  into  a 

hemisphere,  or  nearly  into  a  sphere  ;  but  even  thin  paper  is  only 

*  A  globe  is  usually  covered  with  26  pieces  of  paper,  namely  2  jxJc  paper*,  or 
circlca  iuclu<liiig  30°  around  each  polo;  and  24  gont  meeting  at  the  equator. 
Sometimes  the  gort»  extend  from  the  polo  to  the  equator  ;  every  gore  baa  then  a 

narrow  curved  central  notch  extending  30"  from  the  equator. 
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possessed  of  this  quality  in  a  very  limited  degree,  for  the  globe 
could  not  be  smoothly  covered  with  so  few  as  two,  three,  or  four 

pieces  of  the  thinnest  paper  without  its  puckering  up,  showing  that 
some  parts  of  the  material  are  in  excess.  The  gliding  property, 
or  that  of  malleability  and  ductility,  possessed  by  the  metals,  is 

indispensable  to  adapt  the  flat  plate  to  the  sphere,  by  stretching 
the  central  portion  and  gathering  up  the  marginal  part,  an 
action  that  admits  of  some  comparison  to  the  extension  or 

compression  of  the  slides  of  a  telescope,  except  that  the  metal 
becomes  thicker  or  thinner  instead  of  being  duplicated  on  itself. 

SECT.  II. — WORKS  IN  SHEET  METAL,  MADE  BY  CUTTING,  BENDING 
AND    JOINING. 

EVERY  one  in  early  life,  has  made  the  first  step  towards  the 

acquirement  of  the  various  arts  of  working  in  sheet  metal,  in  the 
simple  process  of  making  a  box  or  tray  of  card ;  namely,  by 
doubling  up  the  four  margins  in  succession  to  an  equal  width, 
then  cutting  out  the  small  squares  from  the  angles,  and  uniting 

the  four  sides  of  the  box,  either  edge  to  edge,  by  paste,  sealing- 
wax,  or  thread,  or  in  similar  manners  by  lapped  or  folded  joints. 
A  different  mode  is  to  make  the  sides  of  the  box  as  a  long  strip, 
folded  at  all  the  angles  but  one ;  or  lastly,  the  bottom  and  sides 

may  be  cut  out  entirely  detached,  and  united  in  various  ways. 
In  the  above,  and  also  in  the  most  complicated  vessels  and 

solids  it  is  necessary  to  depict  on  the  material  the  exact  shape 

of  every  plane  superficies  of  the  work,  as  in  the  plans  and  eleva- 
tions of  the  architect ;  and  these  may  be  arranged  in  any  clusters 

which  admit  of  being  folded  together,  so  as  to  constitute  part 
of  the  joints  by  bending  the  material.  Thus,  a  hexagonal  box, 

fig.  197,  can  be  made  by  drawing  first  the  hexagon  required 
for  the  bottom,  as  in  fig.  198,  and  erecting  upon  every  side  of 
the  same  a  parallelogram  equal  to  one  of  the  sides,  which  in 

this  case  are  all  exactly  alike ;  otherwise  the  group  of  sides  can 
be  drawn  in  a  line,  as  in  fig.  199,  and  bent  upon  the  joints  to 
the  required  angle,  or  120  degrees.  Either  mode  would  be  less 

troublesome  than  cutting  out  seven  detached  pieces  and  uniting 
them;  the  addition  of  one  more  hexagon,  dotted  in  fig.  K.M), 

would  serve  to  complete  the  top'  of  the  hexagonal  prism,  by 
adding  a  cover  or  top  surface. 



Tin  same  mode  will  apply  to  polygonal  figures  of  nil  kindf, 
regular  or  irregular  ;  thus  fig.  200  would  be  produced  when  the 
group  of  sides  in  201  were  bent  around  the  irregular  octagonal 
base ;  or  that  the  sides  of  202  were  separately  turned  up. 

Fig.  197. 
, 

The  cylinder,  is  sometimes  compared  with  a  prism  of  so  many 
sides,  that  they  melt  into  each  other  and  become  a  continuous 

curve ;  and  if  the  hexagon  in  fig.  199  were  replaced  by  a  circle, 
and  the  group  of  sides  were  cut  out  of  equal  length  with  the 
circumference  of  that  circle,  and  in  width  equal  to  the  height 
of  the  vessel,  any  required  cylinder  could  be  produced.  And  in 
like  manner  any  vessels  of  elliptical  or  similar  forms,  or  those 
with  parallel  sides  and  curved  ends,  and  all  such  combinations, 
could  be  made  in  the  manner  of  fig.  201,  (provided  the  sides  were 

perpendicular,)  by  cutting  out  a  band  equal  in  length  to  the  col- 
lective margin  of  the  figure,  as  measured  by  passing  a  string 

around  it ;  or  the  sides  might  be  made  of  two,  or  several  pieces, 
if  more  convenient,  or  if  requisite  from  their  magnitude. 

All  prismatic  vessels  require  parallelograms  to  be  erected  on 
their  respective  bases;  but  pyramids  require  triangles,  and 

tni-'imis  of  pyramids  require  trapczoids,  as  will  be  explained 
by  figs.  201  and  205,  which  are  the  forms  in  which  a  single  pi 
of  metal  must  be  cut,  if  required  to  produce  fig.  203.  Everyone 

of  the  group  of  sides,  must  be  individually  equal  to  one  of  the 
-of  the  pyramid,  whether  it  he  regular  or  irregular,  and 

lu  ii;_:  an  erect  and  equilateral  figure,  all  the  sides  in  201  and  205 
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are  required  to  be  alike,  and  would  be  drawn  from  one  templet : 
an  irregular  pyramid  would  require  all  its  superficies  to  be  drawn 
to  their  absolute  forms  and  sizes. 

Fig.  203. 

The  cone  is  sometimes  compared  with  a  pyramid  with  exceed- 
ingly numerous  sides,  (as  the  cylinder  is  compared  with  the 

prism,)  and  fig.  206,  intended  to  make  a  funnel  or  the  frustum 
of  a  cone  of  the  same  proportions  as  203,  illustrates  this  case. 
The  sides  of  the  cone  are  extended  until  they  meet  in  the  center 

o,  fig.  203,  and  then  with  the  slant  distances  o  a,  and  o  b,  the 
two  arcs,  a  a,  and  b  b,  are  drawn  with  the  compasses,  from  the 
center  o ;  and  so  much  of  the  arc  a  a,  is  required  as  equals  the 
circumference  «,  of  the  cone :  the  margins  a  b,  a  b,  are  drawn 
as  two  radii.  When  the  figure  is  curled  up  until  the  radial  sides 

meet,  it  will  exactly  equal  the  cone,  and  the  similitude  between 
figs.  205  and  206  is  most  explanatory,  as  206  is  just  equal  to  the 

collective  group  of  the  sides  required  to  form  the  pyramid. 
It  will  now  be  easily  seen  that  mixed  polygonal  figures,  such 

as  figs.  207,  209,  and  211,  may  be  produced  in  a  similar  manner, 
provided  their  sides  are  radiated  from  the  square,  the  hexagonal 
or  other  bases,  in  the  manner  of  figs.  208,  210,  212,  but  the  sides 
of  the  rays  not  being  straight,  it  is  no  longer  possible  to  group 
them  by  their  edges,  as  in  figs.  199,  201,  and  205.  The  object 
with  plane  surfaces,  fig.  207,  is  only  the  meeting  of  two  pyramids, 
at  the  ends  of  a  prism,  and  when  unfolded,  as  in  fig.  208,  the 
center  a,  is  equal  to  the  base  a,  of  the  object;  the  sides  b, 
radiate  and  expand  from  the  hexagon  at  the  angle  of  the  faces 



of  the  11  :uid  It,  and  their  vertical  height  in 

tlu  |iml  to  the  slant  height  in  the  vessel ;  the  superficies 
c,  arc  those  of  a  prism,  therefore  they  continue  parallel,  awl  have 

tin-  vertical  height  of  tin-  part  e,  of  the  figure;  lastly,  tho  sides 
(I,  again  contract  as  in  the  original,  and  at  the  same  angle  as 

tlu-  sides  of  the  six  upper  faces;  in  a  word,  the  faces  b,  c,  d,  are 
identical  in  the  vase  and  in  the  radiated  scheme. 

211. 

Should  the  vessels,  instead  of  planes,  have  surfaces  of  single 
tf/frc,  as  in  figs.  209  and  211,  the  method  is  nearly  as  simple. 

'11 1 e  object  is  drawn  on  paper,  and  around  its  margin  are  marked 
several  distances,  either  equal  or  unequal,  and  horizontal  lines 
or  ordinates  are  drawn  from  all  to  the  central  line.    The  radiat- 

picces  for  constructing  the  polygonal  vases  are  represented  in 
figs.  210  and  212,  in  which  the  dotted  lines  are  parallel  with  the 

-  of  t  he  hexagons  or  the  bases,  and  at  distances  equal  to  those 

of  the  steps,  1,  2,  8,  to  8,  around  the  curve  of  the  ink -mlt •(!  vases ; 
the   lengths   of  these   lines,   or   ordinates,  1  1,  2  2,  3  8,  are 
in  regular  hexagonal  vessels  exactly  the  same  in  the  radiated 
plans  us  in  thr  respective  elevations,  because  the  side  of  the 
hexagon  and  the  radius  of  its  circumscribing  circle  are  alike. 

In  all  other  regular  polygonal  vessels,  the  new  ordinates  will 
In  reduced  for  ti_ruicsof  8, 10,  12  sides,  in  the  same  proportions 

as  the  sides  of  these  respective  polygons  bear  to  the  radii  of  their 
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circumscribing  circles,  and  the  ordinates  for  3,  4,  and  5  sided 

figures  will  be  similarly  increased.* 
It  would  have  been  easy  to  have  extended  these  particulars  to 

numerous  other  figures,  such  as  the  regular  geometrical  solids, 
oblique  solids,  and  many  others,  t  but  enough  has  been  advanced 

to  explain  the  cases  of  ordinary  occurrence,  and  in  the  delinea- 
tions of  which,  the  tinman,  coppersmith,  and  others  are  very 

expert.  Much  of  that  which  has  been  stated,  as  it  will  eventually 

appear,  has  been  partly  advanced  in  elucidation  of  the  next 
chapter,  on  the  less  apparent  methods  practised  in  making  similar 

*  All  the  above  cases  could  be  accurately  provided  for  without  any  calculation, 
by  the  employment  of  a  very  simple  scale  represented  in  fig.  213,  in  which  the  angle 
3  of,  shall  contain  120  degrees,  or  the  third  of  a  circle ;  4  o  f,  90  degrees,  or  the 
fourth ;  5of,  72,  or  the  fifth ;  6  of,  60,  or  the  sixth ;  and  8, 10,  and  12,  respectively 
the  8th,  10th,  and  12th  parts  of  a  circle.  The  circular  arcs  are  struck  from  the 
center  o,  and  may  be  the  6th,  8th,  10th  of  an  inch,  or  any  small  distance  apart. 

/pr-i*i 

Fig.  213. 
a 

214. 

To  learn  the  altered  value  of  any  ordinate,  as  for  constructing  a  vase  like  the 

several  figures  207, 209, 211,  but  with  10  sides ;  we  will  suppose  the  original  ordinate 
to  reach  from  o  to  x  on  the  radius  o  f,  the  required  measure  would  be  the  length 
of  the  arc  x  x ,  where  intersected  by  the  line  10,  or  that  for  a  decagon ;  but  it  would 
be  more  convenient  to  make  the  angle  half  the  size,  as  then  the  new  ordinate 

would  be  at  once  bisected,  ready  for  being  set  off  on  each  side  the  central  line  of 
the  radiated  plan.  When  one  side  had  been  carefully  formed,  a  curved  templet 
or  gage  would  be  made  to  the  shape,  by  which  all  the  other  sides  could  be  drawn. 

For  polygonal  vessels  with  unequal  sides,  such  as  fig.  214,  the  curvatures  of  the 
edges  of  the  rays  will  be  identical,  notwithstanding  the  differences  of  the  sides. 
For  example,  the  octagon  drawn  in  the  one  corner  shows  that  the  figure  resembles 
the  regular  octagon  as  far  as  the  angles  are  considered :  and  that  the  regular 
octagon  may  be  considered  to  be  cut  into  four  quarters  and  to  be  removed  to  the 
four  corners,  by  the  insertion  of  the  two  pairs  of  intermediate  pieces  a  a,  and  b  b, 

which  latter  would  necessarily  be  parallel.  In  the  like  manner  a  pyramidal 
vessel  built  upon  the  same  base,  would  require  equal  angles  for  all  its  sides. 

t  See  "  An  Appendix  to  the  Elements  of  Euclid,  in  Seven  Books,  containing 
Forty-two  moveable  Schemes  for  forming  the  various  kinds  of  Solids  and  their 

Sections,"  &c.  by  John  Lodge  Cowlcy,  F.RS.,  1759.  The  schemes  include  the  five 
regular  solids,  and  various  irregular  solids,  prisms,  pyramids,  and  frustums  thereof; 
all  of  which  are  cut  out  in  the  plates,  and  may  be  folded  up  so  as  to  become  exact 
models  of  the  solids. 
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ins  out  of  flat  plates,  by  the  process  called  raw/////  ,•  this  is  done 
with  the  hummer  alone,  by  stretching  some  parts  of  the  metal 

and  contracting  others  (tin-  //  ml  ////*/•///'////  of  the  black- 
smith), a  process  not  required  in  any  of  the  foregoing  figures, 

the  whole  of  which  ini^ht  be  made  in  pasteboard,  a  material, 

thut  us  he  fore  observed,  does  not  admit  of  being  raised  or 

milled  into  figures  of  double  curvature.  To  conclude  this  chapter, 
ily  remains  to  advert  in  the  same  general  manner  to  the  modes 

of  bending  and  uniting  the  edges  of  the  works  represented. 

The  various  works  having  been  drawn  upon  the  sheet  of 

metal,  the  first  process  is  to  cut  them  out;  this  is  almost  always 

done  with  the  shears;  *  sometimes  however  for  thick  metul,  the 

(•old-chisel  and  hammer  are  used,  the  work  being  laid  upon  the 
bure  unvil  or  upon  a  cutting-plate,  as  in  forging :  occasionally  the 
metal  is  fixed  in  the  jaws  of  the  tail-vice,  and  cut  off  with  the 

cold-chisel  applied  in  contact  with  the  vice  ;  the  edge  of  the  chisel 
is  placed  nearly  parallel  with  the  jaws,  which  serve  as  a  guide. 
In  some  cases  very  long  vices  with  a  screw  at  each  end,  are  used 

in  a  similar  manner,  for  the  thick  iron  plates  employed  for 
boilers ;  f  but  the  shears  are  the  most  generally  convenient. 

Although  the  tools  used  in  working  the  sheet  metals  are  ex- 

tremely various  as  regards  their  sizes  and  specific  forms,  they 
muy,  with  the  exception  of  the  shears  and  soldering-tools,  be 
principally  resolved  into  numerous  varieties  of  hammers,  anvils, 

swage-tools,  and  punches.  Figs.  215  to  229  represent  some  few 
of  the  most  common  of  these  tools,  which  are  used  alike  both  in 
bent  and  raised  works,  and  their  close  resemblance  to  those  for 

ordinary  forging  in  iron  and  steel  will  not  escape  observation. 
The  most  remarkable  points  of  difference  are  in  their  greater 

height  and  length,  which  enable  them  to  be  applied  to  the  inte- 
rior of  large  objects,  and  also  in  their  square  shanks,  by  whieh 

they  are  fixed  in  holes  in  the  wooden  blocks  and  benches. 

The  hammers  are  nearly  alike  at  both  ends;  many  of  them 
circular  faces,  either  flat  or  convex;  others  resemble  the 

i^ht  or  cross-panes  of  ordinary  hammers,  and  are  also  either 
or  convex;  and  those  used  in  finishing,  are  exceedingly 

•  See  the  Chapter  on  Shears,  Vol.  II.,  especially  the  figures  on  page  915. 
t  See  Plate  50.     Buchanan,  on  Mill-Work.     Edited  by  Bennic.     1841. 

vou  i.  oo 
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bright,  in  order  that  they  may  impart  their  own  degree  of  polish 
to  the  work,  which  process  is  called  planishing. 

When  thin  metal  is  struck  between  tools  both  of  which  are  of 

metal,  it  is  invariably  more  or  less  thinned ;  and  should  the 
blows  be  given  partially,  such  parts  will  become  stretched  or 
cockled,  and  will  distort  the  general  figure.  It  is  therefore  usual, 

whenever  admissible,  to  employ  wooden  hammers  of  the  forms 
described,  and  also  wooden  blocks  or  anvils  when  metal  hammers 

are  used ;  reserving  the  employment  of  tools  both  of  metal,  either 

for  the  concluding  steps,  or  for  those  cases,  where  from  the  sub- 
stance of  the  metal  and  the  nature  of  the  work,  the  wooden 

hammers  would  be  ineffective,  or  a  greater  definition  of  form  is 

required  than  wooden  tools  could  give. 

The  anvil  used  by  the  coppersmith  and  similar  workmen  is 
usually  square,  say  from  six  to  eight  inches  on  every  side ;  and 
the  smaller  anvils  which  are  called  stakes,  and  also  teests,  are  of 

progressively  smaller  sizes,  down  to  half  an  inch  square,  and 

221. 

222.        223. 224. 225.     226.  227.  228. 

even  less.      Some  of  them  have  one  edge  rounded  like  218; 

others  have  rounded  faces  as  219  and  220 ;  a  few  assume  the 
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a  of  a  rounded  ridge,  like  fig.  222;  and  many  have  bulbs  or 
buttons  as  if  turned  in  tin-  lathe,  as  in  fig.  223. 

13  are  also  very  unlike  those  used  by  the  smith  ; 
y  are  seldom  attached  to  the  anvil,  and  arc  often  exceedingly 

.:,  as  in  fig.  216;  some  few,  for  more  accurate  purposes,  are 
turned  in  the  lathe  to  the  conical  form,  like  221,  these  are  held 

in  the  viee,  the  jaws  of  which  enter  grooves  in  the  shank;  and 
mandrels  four  to  six  feet  long,  used  for  making  long  pipes,  are 
attaehed  to  the  bench  by  long  rectangular  shanks  and  staples. 

215,  the  hatchet-stake,  is  from  two  to  ten  inches  wide; 
ury  much  used  for  bending  the  thin  metals,  in  the  same 

manner  as  the  rectangular  edge  of  the  anvil  is  used  for  those 
\\li\di  are  thicker;  a  cold-chisel  fixed  in  the  vice  forms  a  small 

hatchet-stake ;  224  is  the  creasing-tool  for  making  small  beads 
and  tubes ;  225  is  the  seam-set  for  closing  the  scams  prepared  on 
the  hatchet-stake;  226  is  a  hollow  and  227  a  solid  punch, 
the  cutting  edge  of  the  former  meets  at  about  the  angle  of  fifty 
decrees,  the  latter  is  solid  at  the  end  for  small  holes;  both 

are  struck  upon  a  thin  plate  of  lead  or  solder  laid  upon  the 

stake ;  22  $  is  a  riveting-set  or  punch  for  the  heads  of  rivets ;  and 
is  the  ̂ wage-tool,  a  miniature  of  the  tilt-hammer,  to  which  a 

great  variety  of  top  and  bottom  tools,  or  creases,  are  added,  which 
greatly  economise  the  labour  of  making  different  mouldings  and 
bosses;  the  stop  is  used  to  retain  the  parallelism  of  the  mouldings 
with  the  edge  of  the  metal,  and  a  similar  stop  is  also  at  times 

applied  to  the  hatchet-stake,  215. 

The  sides  of  the  vessels  represented  in  figs.  197  to  212,  if  the 
metal  were  thin,  would  be  bciit  to  the  required  angles  by  laying 

the  metal  horizontally  upon  the  hatchet-stake,  with  the  lines 

tly  over  the  edge  of  the  same,  and  blows  would  be  giu-n 
with  the  mallet  (or  with  the  hammer  for  more  accurate  angles), 
so  as  to  indent  the  metal  with  the  edge  of  the  stake ;  it  would 
be  then  bent  down  with  the  fingers,  unless  the  edge  were  very 
narrow,  as  fora  seam,  when  the  mallet  would  be  alone  used. 
Thicker  metal  is  more  commonly  bent  over  the  square  edge  of 

the  anvil,  as  in  fig.  107,  p.  216,  a  square  set  or  hammer  being 
i  upon  its  upper  surface;  and  sometimes  the  work  is  pinched 
in  the  Mce,  and  it  is  bent  over  with  the  blows  of  a  flat-ended 

punch  or  set,  applied  close  in  the  angle,  and  then  hammered  down 
008 



388 MODES    OF    BENDING 

square  with  the  hammer ;  very  strong  metal  is  seldom  bent  in 
this  manner,  but  the  sides  of  objects  are  then  made  separately, 
and  united  in  some  of  the  ways  which  will  be  explained. 

In  bending  thin  metals  either  to  circular  or  other  curves, 

they  are  held  on  the  one  edge  in  the  hand,  and  curled  on  the  oppo- 
site edge  over  beak-irons  or  triblets  with  the  mallet ;  when  the 

metal  is  too  stubborn  or  too  narrow  to  be  thus  held  in  the  hand 

(as  the  coppersmith  scarcely  ever  uses  tongs,  except  at  the  fire,) 
the  metal  is  driven  into  a  concave  tool  to  curl  up  the  edges.  For 

instance,  the  crease,  fig.  224,  is  frequently  employed  for  making 

small  tubes  or  edging ;  the  strip  of  metal  is  laid  over  the  appro- 
priate groove,  and  an  iron  wire  is  driven  down  upon  it  with  the 

mallet,  this  bends  it  like  a  waggon-tilt;  the  edges  are  then 
folded  down  upon  the  wire  with  the  mallet,  and  it  is  finished  by 

a  top  tool,  or  a  punch,  fig.  225,  having  a  groove  of  similar  con- 
cavity or  radius  to  that  in  the  crease. 

For  half-round  strips,  the  crease  together  with  the  round  wire 
suffice,  or  they  would  be  more  quicklymade  in  the  swage-tool,  2  29, 
and  which  might  in  this  manner  be  made  to  produce  any  parti- 

cular section  or  moulding,  and  that  at  any  distance  from  the  edge 
by  means  of  the  stop  or  gage.  Large  tubes  are  always  finished 
upon  beak  irons,  such  as  fig.  216,  the  round  ends  of  which  serve 
for  curvilinear,  and  the  square  ends  for  rectilinear  works. 

Figs.  230. 231. 

A  6 

All  the  sheet  metals  up  to  the  thickest  boiler  plate  are  treated 
much  after  the  same  general  methods,  large  cast-iron  moulds 

of  various  sweeps  are  employed,  the  stout  iron  being  heated 
to  redness,  and  set  into  them  with  set-hammers  struck  with 
the  sledge.  When  a  circular  bend  is  wanted  in  the  center  of  a 
long  piece,  it  is  conveniently  and  accurately  done  by  bending 
it  over  a  ridge,  such  as  a  parallel  plate  with  a  rounded  edge,  or 
a  triblet,  the  ends  of  the  work  serving  for  a  purchase,  or  as 
levers.  Thus  fig.  230  shows  the  common  mode  of  bending  thick 
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pl.ites  to  the  form  of  the  piece  d  b,  6,  for  the  internal  flues  of 
me  boilers  ;   the   plate  is    heated    to    redness   in  the  middle, 

and  pressed  down  until  a,  c  assume  the  positions  d  6. 

In  a  similar  manner,  to  bend  long  strips  into  easy  curves,  such 

as  for  eylindrieal  vessels,  the  tinmen  n-e  a  f'.r.iirr,  li-.  Ml,  a 
cylindrical  piece  of  wood  from  two  to  four  inches  diameter,  and 
two  feet  long,  turned  with  a  pivot  at  the  one  end;  the  pivot  is 
laid  upon  tli  ;  tl>r  bench,  and  the  man  rests  his  chest 

against  the  other  extremity  of  fig.  231,  to  support  it  in  the 
hori/.ontal  position.  The  tin  plate  is  first  stretched  in  the  hands 

by  the  two  corners  o,  c,  and  rubbed  over  ike  former  diagonally, 

to  bend  it  at  every  part,  this  is  repeated  across  the  other 
diagonal  to  flatten  the  plate;  it  is  afterwards  folded  round 
the  stick,  and  rubbed  forcibly  down  with  the  hand,  as  at  d,  to  give 
it  an  easy  bend  approaching  to  the  required  curvature.  Should 

tin-  ve-srl  require  a  bead  at  the  upper  edge,  it  is  usually  made 
he  swage  tool,  fig.  229,  before  the  plate  is  curled  up  ;  the  work 

is  then  much  more  rigid,  and  requires  additional  force  to  bend  it. 

Pig.  232  is  intended  to  explain  a  very  simple  and  useful 
machine,  first  employed  by  the  tinmen  for  rolling  up  the  cylin- 

ders for  spring  window-blinds,  the  sides  of  culinary  vessels  and 
similar  works,  and  now  also  by  the  boiler-makers  and  others  for 
the  strongest  plates.  It  has  two  cylindrical  rollers  a  b,  and  <l, 
which  are  connected  by  toothed  wheels  so  as  to  travel  in  opposite 
directions,  thus  far  exactly  the  same  as  a  pair  of  laminating 

rollers  for  making  the  sheet  metals;  the  third  roller,  c,  is  just 

opposite  the  two,  and  is  free  to  move  on  its  pivots,  as  it  isuncon- 
> d  \\ith  a  >>  and  d ;  and  the  third  roller  c,  is  capable  of 
cal  adjustment. 
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When  therefore  the  metal  is  moved  along  by  the  carrying 
rollers  a  b,  and  d,  it  strikes  against  the  edge  of  the  bending 

roller  c,  and  is  curled  up  to  enable  it  to  pass  over  the  same ;  and 
as  this  bending  occurs  in  an  equal  degree  at  every  point  of  the 
sheet  of  metal,  it  assumes  a  circular  sweep,  the  radius  of  which 

is  dependent  on  the  place  of  c.  In  the  central  position,  the 
sheet  would  assume  the  circle  e,  f,  g  ;  and  when  c,  is  more  raised 

as  to  the  upper  position,  the  metal  would  follow  the  dotted 
circle,  the  radius  of  which  is  much  less  ;  and  when  the  bending 
roller  c  is  placed  out  of  level,  the  works  are  thrown  into  the 
conical  form. 

Fig.  233  shows  Mr.  Roberts'  original  application  of  the  bend- 
ing rollers  to  boiler  plates ;  none  of  the  rollers,  «,  b,  c,  touch  each 

other,  and  b,  is  under  adjustment  for  the  different  curvatures. 
In  the  last  four  figures  the  same  principle  is  employed,  namely, 

the  application  of  three  forces,  as  in  a  lever  of  the  first  order,  or 

as  in  bending  or  breaking  a  stick  across  the  knee.  The  school- 

boy's problem  of  "  drawing  a  circle  through  three  given  points" 
is  thoroughly  exemplified  in  fig.  233;  and  in  232,  the  one  force 
is  the  grip  of  the  plate  on  the  line  of  centers  of  a  b,  d;  the  roller 
c  curls  the  plate  partly  around  the  roller  a,  and  the  point  at 
which  the  plate  leaves  a  b,  may  be  called  the  second  force,  or  b ; 
the  third  is  the  point  of  contact  on  c. 

One  of  the  most  useful  applications  of  the  bending  machines, 
is  in  straightening  the  metals,  which  may  at  first  appear  to  be  a 
misapplication  of  words,  but  in  truth  by  the  depression  of  c,  to 
about  the  position  c,  it  only  bends  the  plate  for  the  moment, 
just  to  the  limit  of  its  elasticity.  It  results  that  when  it  has  been 

passed  through  twice,  or  with  each  side  alternately  upwards,  the 
elastic  reaction  just  suffices  to  convert  the  figure  temporarily 
given,  or  that  of  the  arc  of  an  enormous  circle,  into  a  plane  or  true 

surface;  and  as  this  is  done  without  any  blows,  which  produce 
partial  condensation  at  such  spots,  the  plate  is  less  subject  to 

after  changes  than  if  it  had  been  hammered  flat ;  as  by  the  rollers 

every  part  of  the  plate  is  bent  exactly  to  the  limit  of  its  per- 

manent elasticity.  In  the  tinmen's  bending  rollers,  d,  c,  fig.  232, 
p.  389,  are  often  turned  with  half-round  grooves,  to  receive  the 
thickened  edge  which  contains  the  wire  employed  to  stiffen  the 

tops  of  the  vessels  ;  sometimes  also  the  rollers  are  used  for  pre- 
paring the  seam  to  contain  the  wire.  Grooved  rollers,  (similar 
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hose  shown  on  pages  187  and  188)  are  very  extensively  em- 

ployed likt -UIM -in  ot  her  works  in  the  arts  besides  the  manufacture 
of  iron,  to  which  they  are  there  more  immediately  r. 

The  use  of  the  plain  cylindrical  roller  at  h,  page  187,  is  so 
simple  as  to  be  immediately  apparent;  rollers  with  curvilii. 
edges,  such  as  at  i,  have  been  long  employed  for  bending  the 
steel  and  brass  plates  for  fenders ;  similar  rollers  on  a  smaller 

scale  and  of  numerous  patterns,  many  of  them  chased  and  orna- 

mented, are  used  in  making  jewellery,  as  for  producing  mouldings, 
headings,  and  matted,  checkered  or  other  works. 

SECT.  III.   ANGLE    AND    SURFACE    JOINTS. 

THE  next  steps  to  be  considered,  appear  to  be  the  methods  of 

uniting  the  edges  of  the  vessels  after  they  have  been  cut  and  bent 
to  meet  in  angles,  curves  or  plane  surfaces ;  the  principal  modes 
of  accomplishing  this  are  represented  in  figs.  231  to  25G,  which 
arc  grouped  together  for  the  convenience  of  comparison. 

Figs.  23-A  and  235  are  for  the  thinnest  metals,  such  as  tin, 
which  require  a  film  of  soft-solder  on  one  or  other  side.  Sheet- 
lead  is  similarly  joined,  and  both  are  usually  soldered  from  within. 

Figs.  236  and  237  are  the  mitre  and  butt-joints  used  for  thicker 
metals  with  hard-solders ;  sometimes  237  is  dove-tailed  together, 
the  edges  being  filed  to  correspond  coarsely ;  they  are  also  partly 
riveted  before  being  soldered  from  within.  These  joints  are 

very  weak  when  united  with  soft-solder. 

234.    235.    236.    237.    238.    239.    240.  241.    242.    243.     244.  245. 

Fig.  238  is  the  lap-joint,  the  metal  is  creased  over  the 
hatchet-stake.  Tin-plate  requires  an  external  layer  of  solder ; 
spelter  solder  runs  through  the  crevice  and  need  not  project. 

Fig.  239  is  folded  by  means  of  the  hatchet-stake,  the  two  are 
then  hammered  together,  but  require  a  film  of  solder  to  prc\ 
them  from  sliding  asunder. 
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Fig.  240  is  the  folded  angle-joint,  used  for  fire-proof  deed 
boxes,  and  other  strong  works  in  which  solder  would  be  inad- 

missible ,  it  is  common  in  tin  and  copper  works,  but  less  so  in 

iron  and  zinc,  which  do  not  bend  so  readily. 
Fig.  241  is  a  riveted  joint  which  is  very  commonly  used  in 

strong  iron  plate  and  copper  works,  as  in  boilers,  &c. :  gene- 
rally a  rivet  is  inserted  at  each  end,  then  the  other  holes  are 

punched  through  the  two  thicknesses  with  the  punch  227,  on  a 
block  of  lead.  The  head  of  the  rivet  is  put  within,  the  metal  is 

flattened  around  it,  by  placing  the  small  hole  of  the  riveting 
set  228  over  the  pin  of  the  rivet,  and  giving  a  blow;  the  rivet  is 
then  clenched,  and  it  is  finished  to  a  circular  form  by  the  con- 

cave hollow  in  another  riveting  set.  When  the  works  cannot 

be  laid  upon  an  anvil  or  stake,  a  heavy  hammer  is  held  against 
the  head  of  the  rivet  to  receive  the  blow ;  in  larger  works  the 

holes  are  all  punched  before  riveting,  and  the  heads  are  left 
from  the  hammer. 

Figs.  242  and  243 ;  the  plates  a  a,  are  punched  with  long 
mortises,  then  b  b,  are  formed  into  tenons,  which  are  inserted  and 

riveted ;  but  in  243  the  tenons  have  transverse  keys  to  enable 
the  parts  to  be  separated. 

Fig.  244,  the  one  plate  makes  a  butt-joint  with  the  other,  and 
is  fixed  by  L  formed  rivets  or  screw-bolts  s,  the  short  ends  are 
generally  riveted  to  the  one  plate,  even  when  screwed  nuts  are 

used.  This  mode  is  very  common  for  cast-iron  plates,  as  in 
stove  work. 

Fig.  245  is  the  mode  universally  adopted  for  very  strong 

vessels,  as  for  steam  boilers,  in  which  the  detached  wrought-iron 

plates  are  connected  by  angle-iron,  rolled  expressly  for  the  pur- 
pose, (see/,  fig.  76,  p.  187.)  The  rivet  holes  are  punched  in  all 

the  four  edges,  by  powerful  punching  engines  furnished  with 
travelling  stages  and  racks,  which  ensure  the  holes  being  in 
line,  and  equidistant,  so  that  the  several  parts  when  brought 

together  may  exactly  correspond.  The  rivet  r,  which  may  be 

compared  to  a  short  stout  nail,  is  made  red-hot,  and  handed  by 
a  boy  to  the  man  within  the  boiler,  who  drives  it  in  the  hole ; 
he  then  holds  a  heavy  hammer  against  its  head,  whilst  two 
men  quickly  clench  or  burr  it  up  from  without :  between  the 

hammering,  and  the  contracting  of  the  metal  in  cooling,  the  edge's 
are  brought  together  into  most  intimate  and  powerful  contact. 
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Holts  and  nuts  b,  may  be  used  to  allow  the  removal  of  any  part, 
as  the  man-hole  of  the  boiler. 

For  the  curved  parts  of  the  boilers,  the  angle-iron  is  bent  into 
corresponding  sweeps,  and  for  the  corners  of  square  boilers,  the 
angle-iron  is  welded  together  to  form  the  three  tails  for  the 

respective  angles  or  edges  which  constitute  the  solid  corner:  this 
when  well  done  is  no  mean  specimen  of  welding. 

It  frequently  happens  that  several  plates  are  required  to  be 
joined  together  to  extend  their  dimensions,  or  that  the  edges  of 
one  plate  are  united  as  in  forming  a  tube  ;  these  joints  are 

arranged  in  the  figures  24C  to  -.")(>,  similarly  to  those  for  angles 
previously  shown,  from  which  they  diller  in  several  respects. 

Fig.  246  is  the  lap-joint,  employed 
with  solder  for  tin  plates,  sheet  1 

&c.,    and    for  tubes  bent  up  in  these 
materials. 

Fig.  217,  the  6u//-joint,  is  used  for 
plates  and  small  tubes  of  the  various 
metals;  united  with  the  hard  solders 

they  are  moderately  strong,  but  with  tin 
solder  the  junctions  are  very  weak  from 
the  limited  measures  of  the  surfaces. 

Fig.  248  is  the  cramp-joint ;  the 
edges  are  thinned  with  the  hammer,  the 

one  is  left  plain,  the  other  is  notched 

obliquely  with  shears,  from  one-eighth 
to  three-eighths  of  an  inch  deep; 
each  alternate  cramp  is  bent  up,  the 
others  down,  for  the  insertion  of  the 

plain  edge ;  they  are  next  hammered 
together  and  brazed,  after  which  they 
may  be  made  nearly  flat  by  the  hammer, 

and  quite  so  by  the  file.  The  cramp- 
joint  is  used  for  thin  works  requiring 

sti-i mjth,  and  amongst  numerous  others 
for  the  parts  of  musical  instruments. 

Sometimes  also  246  is  feather-edged  ;  this  improves  it,  but  it  is 

still  inferior  to  the  cramp-joint  in  strength. 
Fig.  249  is  the  lap-joint  without  solder,  for  tin,  copper,  iron, 

&c. ;  it  is  set  down  flat  with  a  seam-set,  fig.  225,  and  used  for 

?54. 

255. 

168. LL 

u 
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smoke  pipes,  and  numerous  works  not  required  to  be  steam  or 
water-tight. 

Fig.  250  is  used  for  zinc  works  and  others;  it  saves  the 

double  bend  of  249 ;  it  is  sometimes  called  the  patent  strip 
overlap. 

Fig.  251  is  the  roll-joint  employed  for  lead  roofs,  the  metal  is 
folded  over  a  wooden  rib,  and  requires  no  solder  :  the  water  will 

not  pass  through  this  joint  until  it  exceeds  the  elevation  of  the 

wood.  The  roll-joint  is  less  bent  when  used  for  zinc,  as  that 
material  is  rather  brittle  ;  the  laps  merely  extend  up  the  straight 

sides  of  the  wooden  roll,  and  their  edges  are  covered  by  a  half- 
round  strip  of  zinc  nailed  to  the  wood. 

Fig.  252  is  a  hollow  crease  used  for  vessels  and  chambers  for 

making  sulphuric  acid,  the  metal  is  scraped  perfectly  clean, 
filled  with  lead  heated  nearly  to  redness,  and  the  whole  are  united 
by  burning,  with  an  iron  heated  also  to  redness.  Solder  which 
contains  tin  would  be  acted  upon  by  the  acid,  whereas,  until  the 

acid  is  very  concentrated,  the  lead  is  not  injured  :  this  method 
is  however  now  superseded  by  the  mode  of  autogenous  soldering. 
The  concentration  of  sulphuric  acid  and  some  other  chemical 

preparations,  is  performed  in  vessels  made  of  platinum. 
Figs.  253  and  254  are  very  commonly  employed  either  with 

rivets  or  screw-bolts  ;  the  latter  joint  is  common  in  boilers,  both 
of  copper  and  iron,  and  also  in  tubes :  copper  works  are 
frequently  tinned  all  over  the  rivets  and  joints,  to  stop  any 
minute  fissures.  Fig.  253  is  the  flange  joint  for  pipes. 

Fig.  255,  with  rivets,  is  the  common  mode  of  uniting  the 
plates  of  marine  boilers,  and  other  works  required  to  be  flush 
externally. 

Fig.  256  is  a  similar  mode;  used  of  late  years  for  constructing 
the  largest  iron  steam  ships ;  the  ribs  of  the  vessels  are  made  of 

T  iron,  varying  from  about  four  to  eight  inches  wide,  which  is 

bent  to  the  curve  by  the  employment  of  very  large  surface-plates 
cast  full  of  holes,  upon  which  the  wood  model  of  the  rib  is  laid 
down,  and  a  chalk  mark  is  made  around  its  edge.  Dogs  or  pins 

are  wedged  at  short  intervals  in  all  those  holes  which  intersect 
the  curve ;  the  rib,  heated  to  redness  in  a  reverberatory  furnace, 
is  wedged  fast  at  the  one  end,  and  bent  around  the  pins  by  sets 

and  sledge-hammers,  and  as  it  grows  or  yields  to  the  curve,  every 
part  is  secured  by  wedges  until  the  whole  is  completed. 
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CHAPTER  XIX. 

WORKS  IN  SHEET  METAL,  MADE  BY  RAISING. 

SECT.    I. — CIRCULAR    WORKS    8PUN    IN    THE    LATHE. 

THE  former  examples  have  only  called  into  action  so  small  an 

amount  of  the  malleable  or  gliding  property  of  the  metals,  tlmt 
all  the  forms  referred  to  could  be  produced  in  pasteboard,  a 

material  nearly  incapable  of  extension  or  compression.  The 
«1  works  now  to  be  considered,  call  for  much  of  this  gliding 

or  malleable  action,  which  may  be  compared  with  the  plastic 

nature  of  clay  as  an  opposite  extreme.  Thus  a  lump  of  clay  is 

thrown  on  the  potter's  horizontal  lathe,  a  touch  of  the  fingers 
shapes  it  into  a  solid  round  lump,  the  potter  thrusts  his  clenched 
hand  into  the  center,  and  it  rises  in  form  something  like  a  bason ; 

by  applying  the  other  hand  outside  to  prevent  the  material  from 
ailing,  it  will  rise  as  an  irregular  hollow  cylinder,  and  a  gentle 

pressure  from  without,  and  a  sustaining  pressure  from  within, 
will  gather  up  or  contract  the  clay  into  the  narrow  mouth  suited 
to  a  bottle,  and  which  is  made  somewhat  in  this  manner  almost 

by  the  fingers  alone. 
A  similar  and  parallel  application,  due  to  the  malleability  of 

the  metals,  and  one  which  also  requires  the  turning-lathe,  is 

extensively  practised ;  namely,  the   art   of  "  sjnnniny   or 

•  isli'iny  li>  form  "  thin  circular  works  in  several  of  the  ductile 
;ils  and  alloys,  as  for  teapots,  plated  candlesticks,  the  covers 

of  cups  and  vessels,  the  bell  mouths  of  musical  instruments,  and 
numerous  other  objects  required  in  great  numbers,  and  of  thin 

red  candlesticks  arc  thus  formed  of  several  parts 

soldered   together,  or   retained  in  position   by  the   fittings  of 

thrir  edirrs,  tli>-  whole  being  stivnirthened  by  a  central  wire,  and 
by  tilling  the  entire  cavity  with  a  resinous  cement.     The  figures 
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257  and  258,  are  intended  to  show  the  mode  of  spinning  the 

body  of  a  Britannia  metal  teapot  from  one  unperforated  disk  of 
metal. 

The  wooden  mould  or  chuck  a,  fig.  257,  is  turned  to  the  form 

of  the  lower  part  of  the  teapot,  and  a  disk  of  metal  b,  is  pinched 
tight  between  the  flat  surfaces  of  a  and  c,  by  the  fixed  center 
screw  d  of  the  lathe,  so  that  a,  b,  and  c,  revolve  with  the  mandrel : 

and  now  by  means  of  a  burnisher  e,  which  is  rested  against  a 

pin  in  the  lathe  rest,  as  a  fulcrum,  and  applied  near  the  center 
of  the  metal ;  and  a  wooden  stick  /,  held  on  the  opposite  side  to 
support  the  edge,  the  metal  is  rapidly  bent  or  swaged  through 
the  successive  forms  1,  2,  3,  to  4,  so  as  to  fit  close  against  the 

curved  face  of  the  block  and  to  extend  up  its  cylindrical  edge. 

Figs.  257. 258. 

The  mould  a,  is  next  replaced  by  g,  fig.  258,  a  plain  cylindrical 
block  of  the  diameter  of  the  intended  aperture ;  one  of  various 
forms  of  burnishers  (h,  i,  some  bent,  others  T  form,  and  so  on, 

the  surfaces  of  which  are  slightly  greased,)  are  used  together 
with  the  hooked  stick  or  rubber,/,  first  to  force  the  metal  inwards 
as  shown  at  5,  6,  7,  and  also  to  curl  up  the  hollow  bead  which 
stiffens  the  mouth  of  the  finished  vessel,  9.  Sometimes  the 
moulds  are  made  of  the  entire  form  of  the  inside  of  the  work, 

but  of  several  pieces  each  smaller  than  the  mouth ;  so  that  when 
the  central  block  is  first  removed,  the  others  may  be  successively 

taken  out  of  the  finished  vessel,  like  the  parts  of  a  hat-block  or 
of  a  boot-tree. 

It  is  of  importance  during  the  whole  process,  to  keep  the  edge 

exactly  concentric  and  free  from  the  slightest  notches,  for  which 



\M»    VARIOUS 
307 

purpose  it  is  occasionally  touched  with  the  turning  tool  during  the 

process  of  spinning.     Tin-  operation   is  very  pretty  nnd  expedi- 
tious, and  resembles  tin-  manipulation  of  the  potter  who  forms 

a  bottle  or  V:IM-  with  a  close  mouth  in  a  manner  completely 
analogous,  although  the  yielding  nature  of  his  material  n-qn. 
tin  fingers  alone,  and  neither  the  mould,  stick,  nor  burnisher. 

The  lenses  of  optical  instruments  are  often  fixed  in  their  cells 

fc  by  similar  means ;  a,  fig.  259,  shows 
1 1 1  excess  the  form  of  the  metal  when 

turned,  and  b,  the  thin  edge  when 

'curled  over  the  glass  by  means  of 
a  burnisher  applied  whilst  the  ring  revolves  in  the  lathe. 

Much  of  the  cheap  Birmingham  jewellery,  is  also  spun  in  the 
lathe,  but  in  a  different  manner;  for  instance  to  make  such  an 

object  as  the  ring  represented  black  in  fig.  260 ;  a  steel  mandrel 

is  turned  upon  a  lathe  to  the  same  form  as  the  ring,  but  less  in 
diameter.  The  metal  is  prepared  as  a  thin  tube,  it  is  soldered 
and  cut  into  short  pieces,  each  to  serve  for  one  riug,  and  these 
are  spun  into  shape  almost  in  an  instant,  between  the  arbor  and 
the  milling  tool  or  roller,  as  seen  in  the  front  view  fig.  201 ;  it 

MO, 261. 

clear  that  unless  the  arbor  were  smaller  than  the  work,  the 

from  being  undercut  could  not  be  released  :  sometimes 

>nly  one  broad  milling  tool  is  employed,  at  other  times  two  or 

more  narrow  ones.     This  process  is  most  distinctly  a  modifica- 
tion of  t\\o  rollers,  which  travel  by  surface-contact  instead  of 

b\  tooth,  1  \\hecN,  and  differs  but  little  from  the  embossing  or 

matting  rollers  employed  by  jewellers  and  others  for  long  strips 

.ad  of  rings;  extending  the  same  application  to  the  milling- 
tool  upon  a  solid  body  such  as  milled  nut,  the  interior  metal 

supplies  the  resistance  given  by  the  arbor,  in  the  last  figure. 
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SECT.  II.   WORKS    RAISED    BY    THE    HAMMER. 

IN  raising  the  metals  by  the  hammer,  we  have  to  produce 
similar  effects  to  those  in  the  spinning  process,  not  however 

by  the  gradual  and  continued  pressure  of  a  burnisher,  on  one 
circle  at  a  time,  but  by  circles  of  blows,  applied  much  in  the 
same  order,  and  as  far  as  possible  with  the  same  regularity  of 
effect. 

The  art  consists,  therefore,  of  two  principal  points  :  first,  so 

to  proportion  the  original  size  and  thickness  of  the  metal  disk 
that  it  shall  exactly  suffice  for  the  production  of  the  required 
object;  neither  with  excess  of  metal,  which  would  have  to  be  cut 
off  with  shears  and  thrown  aside,  wasting  a  part  both  of  the 

metal  and  labour,  nor  with  deficiency  of  metal,  which  would  be 

nearly  a  total  loss :  secondly,  that  the  work  shall  be  produced 
with  the  smallest  possible  number  of  blows,  which  sometimes  tend 
to  thin,  and  at  other  times  to  thicken,  the  metal ;  whereas  the 

finished  works  should  present  an  uniform  thickness  throughout, 

and  which  is,  in  many  cases,  just  that  of  the  original  metal  when 
in  the  sheet. 

For  instance,  a  hollow  ball  six  inches  diameter  is  made  of  two 

circular  pieces  of  copper,  each  seven  and  a  half  inches  diameter : 

now  calling  the  original  circumference  of  the  disk  twenty-two 

and  a  hah0  inches,  this  line  eventually  becomes  contracted  to 
eighteen  inches,  or  the  circumference  of  the  ball;  although  at  the 
same  time  the  original  diameter  of  the  disk,  namely  a  line  of 
seven  and  a  half  inches,  has  become  stretched  to  that  of  nine 

inches  or  the  girth  of  the  hemisphere. 

This  double  change  of  dimensions,  accomplished  by  the  mal- 
leability or  gliding  of  the  metal,  occurs  in  a  still  more  striking 

manner  in  the  illustration  of  spinning  the  tea-pot,  in  which  the 
disk,  originally  about  one  foot  diameter,  becomes  contracted  to 

two  or  three  inches  only  at  the  mouth.  The  precise  naiure  of 

the  change  is  seen  on  inspecting  figs.  207  and  209,  p.  383,  in 
connection  with  the  radiated  pieces,  208  and  210,  required  for 

the  formation  of  such  polygonal  vases,  when  bent  up  and  soldered 
at  their  edges. 

The  same  vases  wrought  to  the  circular  figure  from  round 

plates,  either  by  spinning  or  by  the  hammer,  would  not  require 
disks  of  metal  so  large  as  the  boundary  circles  in  figs.  208  and 
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:  as  the  pieces  between  the  rays  would  be  entirely  in  excess, 
they  would  cause  the  vessels  to  rise  beyond  their  intended  sizes, 

and  would  require  to  .1  oil'.      Hut  the  original  disks  for 
making  the  vases  should  be  of  about  the  diameters  of  tin  ii. 

lea,  as  then  the  pieces  d,  beyond  the  inner  circles,  would 
be  nearly  equal  to  the  spaces  e,  within  these  circles,  which  would 
lease  the  vessel  of  uniform  thickness  throughout,  and  without 

deficiency  or  excess  of  metal  supposing  the  conversion  to  be  per- 
formed with  mathematical  truth. 

The  first  and  most  important  notion  to  be  conveyed  in  refer- 
to  raiding  works  with  the  hammer,  is  the  difference  between 

those  which  may  be  called  opposed,  or  solid  blows,  that  have  the 
effect  of  stretching  or  thinning  the  metal;  and  those  which  may 

be  called  unopposed,  or  hollow  blows,  that  have  less  effect  in  thin- 
ning than  in  bending  the  metal ;  in  fact,  it  often  becomes  thick- 
ened by  hollow  blows,  as  will  be  shown. 

263.  264. 

For  example,  the  hammer  in  fig.  2G2  is  directly  opposed  to 
the  face  of  the  anvil,  or  meets  it  face  to  face,  and  would  be  said 

to  give  a  solid  blow ;  one  which  would  not  jar  the  hand  grasping 
the  plate,  \\ere  the  latter  ever  so  thick  or  rigid:  and  this  blow 
would  thin  the  metal  by  its  sudden  compression  between  two 
hard  surfaces,  the  face  of  the  hammer  being  represented  at/. 

The  hammer  in  fig.  2G3  is  not  directly  opposed  to  the  anvil, 
or  rather  to  that  point  of  it  which  sustains  the  work,  consequently 

thU  would  be  called  a  hollow  blow,  one  which  would  jar  the  hand 
c  the  plate  thick  and  rigid ;  and  it  would  bend  the  plate  partly 

to  the  form  of  the  supporting  edge,  by  a  similar  exhibition  of  the 
forces  a,  b,  c,  referred  to  in  the  diagrams,  figs.  230  to  233,  pages 

and   389;    not    however  by   the   quiet   pressure   therein 
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employed,  but  by  impact,  or  by  driving  blows.  The  hand 
situated  at  a,  fig.  263,  would  be  insufficient  to  withstand  the 

blows  of  the  hammer  at  c,  but  for  the  great  distance  of  a  b,  com- 
pared with  b  c,  and  the  thin  flexible  nature  of  the  material. 

From  these  reasons  the  coppersmith  and  others  never  require 
tongs  for  holding  the  metal,  the  same  as  the  blacksmith,  except 
at  the  fire,  as  in  annealing  and  soldering ;  in  hammering  thin 
works,  a  constant  change  of  position  is  required,  and  which 
can  be  in  no  way  so  readily  accomplished  as  by  the  exquisite 
mechanism  given  us  by  nature,  the  unassisted  hand.  When 
however  the  works  are  too  rigid  or  too  small  to  be  thus  held, 

the  anvil  is  made  to  supply  the  two  points  a,  c,  as  in  fig.  264, 
and  the  blow  of  the  hammer  is  directed  between  them. 

We  will  now  trace  the  effects  of  solid  and  hollow  blows  given 

partially  on  a  disk  of  metal  a  a,  fig.  265,  supposed  to  be  twelve 
Figs,  a  b  c  c  b  a  inches  diameter ;  first  within  a  central 

circle  c  c,  of  three  inches  diameter ;  and 
then  around  the  margin  a  b,  to  the 
width  of  three  inches,  leaving  the  other 
portions  untouched  in  each  case;  the 

thickness  of  the  metal  is  greatly  exagge- 
rated to  facilitate  the  explanation. 

The  solid  blows  within  the  circle  cc, 

would  thin  and  stretch  that  part  of  the 
metal,  and  make  it  of  greater  superficial 
extent ;  but  the  broad  band  of  metal  a  c, 

would  prevent  it  from  expanding  beyond 
its  original  diameter,  and  therefore  the 
blows  would  make  a  central  concavity,  as 

in  a  cymbal,  or  like  fig.  266.  And  the 
more  blows  that  were  given,  either  inside 

the  bulge  upon  a  flat  anvil,  or  outside  the 

bulge  upon  an  anvil  or  head  of  a  globular 
form,  the  more  would  the  metal  be  raised,  from  its  being  thinned 

and  extended;  and  thus  it  might  be  thrown  into  the  shape  of  a 

lofty  cone  or  sugar-loaf. 
The  hollow  blows  given  within  the  same  limited  circle,  would 

also  stretch  the  metal  and  drive  it  into  the  hollow  tools  em- 

ployed, such  as  fig.  264;  thus  producing  the  same  effect  as  in 

266,  but  by  stretching  the  metal  as  we  should  the  parchment 

272. 
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ilnun,  by  the  pressure  of  the  hand  in  the  center,  or  by  a 
hi. >\\  (if  tin-  drumstick. 

solid  blows  around  the  three  inch  margin,  would  thin  the 
.1  and  cause  it  t«>  increase  externally  in  diameter;  but  the 

•  would  only  continue  flat,  as  in  fig.  2(>7,  if  every  part  of  the 
ring  were  stretched  proportionally  to  its  increased  distance  t> 

first  position.      Were   the   inner   edge  towards  b,  thinned 

ud  its  due  amount,  its  expansion,  if  resisted  by  the  strength 
the  outer  ring  a,  would  throw  part  of  the  work  into  a  curve, 

and  depress  the  metal,  not  as  in  tbe  cymbal,  but  in  the  form  of 
a  gutter  as  in  fig.  268 ;  it  would  however  more  probably  happen, 

the    inner   edge   alone  of  the  marginal   ring   would    be 

aided,  leaving  the  outer  edge  undisturbed,  and  producing 

<>ned  figure,  2»'.!i. 
The  hollow  blows  given  around  the  edge,  as  in  fig.  2G3,  would 

ha\  c  the  effect  of  curling  up  or  raising  the  edge,  first  as  a  sai 
and  then  into  a  cylindrical  form  271;  provided  that  by 

tin  skilful  management  of  the  hammering,  the  metal  could  be 

made  to  slide  upon  itself  without  puckering,  so  as  to  contract 
the  original  boundary  circle  of  the  disk  or  twelve  inches,  into  six 
inches,  or  the  measure  of  the  edge  of  the  cylinder  resulting 

from  the  drawing  in  of  the  three-inch  margin. 
In  this  process  the  metal  would  become  proportionally 

thickened  at  the  upper  edge,  because  each  little  piece  of  the 

great  circle,  fig.  27:2,  when  compressed  into  a  circle  of  half  the 
diameter,  would  only  occupy  half  its  original  length,  as  it  could 
not  be  altogether  lost ;  and  the  metal  would  therefore  increase 
in  thickness  in  a  proportional  degree.  The  remainder  of  the 

!e  serves  for  the  time  as  effectually  to  compress  the  metal  in 
iircction  of  the  tangent,  as  if  the  radii  were  the  sides  of  an 

unyielding  angular  groove  dotted  in  fig.  27  ~  :  this  contraction 
produces  in  fact  the  same  effect,  as  the  jumping  or  upsetting  by 

endlong  blows  in  smith's-work.  Theoretically,  the  thickness  of 
upper  edge  of  the  cylinder  would  be  doubled,  and  the  lower 

edge  would  retain  its  original  thickness,  as  in  271;  wlicn-as  in 

iul ing  the  margin  of  the  disk  by  solid  blows  as  in  fig.  2('»7, 
thinned    ed^«-   would   be   found   to   taper   away,   also  in   a 

line,  from  the  full  thickness  even  to  a  feather  edge  if 

.•iently  continued,  but  neither  of  these  cases  would  be  ad 
sible,  as  the  general  o  :o  retain  a  uniform  substai 

D  O 
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In  equalising  the  thickness  of  the  cylindrical  tube,  fig.  271, 
the  solid  blows  would  thin  the  metal,  but  at  the  same  time 

throw  it  into  a  larger  circle ;  it  would  then  require  to  be  again 

driven  inwards,  which  would  again  slightly  thicken  it.  So  that 
in  reducing  the  metal  to  uniformity,  two  distinct  and  opposite 

actions  are  going  on ;  and  upon  the  due  alternation,  combina- 
tion, or  proportioning  of  which,  will  entirely  depend  the  ultimate 

form :  that  is,  whether  the  metal  be  allowed  to  continue  as  a 

cylinder;  to  expand  or  to  contract,  either  as  a  cone  or  as  a 
simple  curve ;  or  to  serpentine  in  any  arbitrary  manner, 
according  as  the  one  or  other  action  is  allowed  to  predominate 
with  the  gradual  development.  The  treatment  of  such  works 

with  the  hammer,  is  unlike  spinning  the  teapot,  at  those  parts 
of  the  work  where  the  metal  is  folded  down  in  close  contact  with 

the  solid  revolving  mould  therein  employed ;  but  in  completing 
the  upper  part  on  the  small  block,  fig.  258,  the  burnisher  and 
rubber  may  be  considered  equivalent  to  the  two  antagonist 
forces,  which  lead  the  hammered  vessel  inwards  or  outwards,  at 

the  will  of  the  operator. 
This  subject  is  too  wide  to  enable  anything  more  to  be  offered 

than  a  few  general  features,  and  I  shall  therefore  proceed  to 
trace  briefly  the  practice  in  some  examples. 

Figs.  273.  274. 

Fig.  273  represents  the  first  stage  of  making  the  half  of  a 

copper  ball ;  the  metal  is  first  driven  with  a  mallet  into  a  con- 
cave bed,  generally  of  wood,  in  which  it  is  hastily  gathered  up 

to  a  sweep  of  about  the  third  part  of  a  sphere,  as  a,  a,  fig.  274; 

but  this  puckers  up  the  edge  like  a  piece  of  fluted  silk,  or  the 
serpentine  margin  of  many  shells,  in  the  manner  represented  at 
///,  fig.  275,  which  is  of  twice  the  size  of  274. 

The  next  step  is  to  remove  the  flutes  or  puckers  by  means  of 
blows  of  the  raising  hammer,  applied  externally  as  indicated  by 

the  black  lines  at  A,  fig.  275 ;  and  in  fig.  276  are  represented  on 

a  still  more  enlarged  scale,  the  relative  positions  of  the  hammer, 
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anvil,  and  work.     Thus  A  represents  the  globular  face  of 
anvil,  li  the  rounded  edge  of  the  racing  hammer,  which  like  the 
pane  of  an  ordinary  hammer,  stands  at  right  angles  to  the  handle, 
ami  a  1,  shows  the  work,  a  being  the  edge,  and  1  the  point  of 

ilnte.     The  blows  of  the  hammer  are  made  to  full  nearly  on 
the  center  o,  of  tin-  anvil,  and  at  a  small  angle  with  the  perp.-n- 

;!ar,  tin-  hand  being  on  the  side  a.     A  few  blows  are  given 
as  tangents,  or  directly  across  the  point  of  the  flute,  and  when 

\ceeds  the  width  of  the  hammer,  oblique  blows  are  given  to 
ore  the  pointed  character,  to  be  followed  by  other  blows 
lid  with  the  first,  as  shown  at  h,  fig.  275.  These  hollow 

blows  cause  the  sides  of  the  flutes  to  slide  into  one  another, 
almost  as  when  two  packs  of  cards,  placed  like  the  ridge  of  a 
house,  penetrate  into  each  other  and  sink  down  flat:  in  a  manner 
somewhat  resembling  that  by  which  the  original  and  extreme 
margin  in  fig.  272,  page  400,  becomes,  by  the  successive  blows, 
contracted  to  the  inner  circle;  but  in  the  present  case  the  plait 
slides  down  to  the  general  curve  of  the  spherical  dish. 

276. 

If  however  the  puckers  of  a  large  globe  were  entirely  removed 
by  hollow  blows,  the  central  lines  of  the  flutes  would  become 
thickened,  and  therefore  solid  blows  are  mingled  with  them,  or 
rather  the  one  blow  partakes  of  the  two  natures.  Thus  from  the 

curvature  and  oblique  position  of  the  hammer,  fig.  27G,  its  face 
is  solid  at  *,  to  that  part  immediately  below  it,  but  toward 

•her  bends  than  thins:  the  flatter  the  curves  of  the  two 
surfaces,  the  greater  the  extent  of  the  solid  or  thinning  blows. 

The  plaits  are  not  however  entirely  gathered  up,  as  the  di>h 
a,  a,  fig.  27  i,  always  opens  a  little  from  the  metal  becoming 

•••hed  under  the  treatment  for  removing  the  flutes. 
Tlirnwini:  the  work  into  flutes  as  described  is  not  imperative, 

for  the  hemisphere  might  be  entirely  raised,  as  in  the  succeeding 

D  :•   _ 
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step,  by  blows  on  the  outer  surface  upon  a  convex  tool  or  head, 
but  the  flutes  quicken  the  process,  and  speedily  give  a  concavity 
which  is  convenient,  as  it  makes  the  work  hang  better  on  the 
rounded  face  of  the  anvil. 

The  outer  curve  a  a,  fig.  274,  p.  402,  which  represents  the 

copper  dish  when  the  puckers  have  been  removed,  will  not  be 
sent  into  the  hemispherical  form,  or  the  inner  line  d  d,  at  one 

process,  but  will  progressively  assume  the  curvatures  b  b,  c  c, 
and  sometimes  many  others :  neither  will  the  work  be  changed 
from  the  curve  a  a,  to  that  of  b  b,  at  one  sweep,  nor  as  with  the 
burnisher  in  spinning,  even  by  one  consecutive  ring  or  wave. 
The  hammer  must  necessarily  operate  by  successive  blows 
arranged  in  circles,  the  proximity  of  which  circles,  will  at  length 

include  within  their  range  the  entire  sweep  a  a,  or  b  b,  each  of 
which  is  called  a  course :  and  before  proceeding  from  one  course 
or  sweep  to  the  next,  the  metal  requires  to  be  annealed. 

Figs.  276  and  277  explain  the  transition  or  conversion  from  the 

first  sweep  a,  to  the  second  sweep  b ;  the  black  lines  represent 
the  metal  after  a  few  circles  of  blows  have  been  given.  Fig.  277 

shows  the  narrow  edge  of  the  raising-hammer,  in  the  act  of 
descending  upon  the  center  of  the  head  or  stake,  and  as  a 

tangent  to  the  circle ;  it  first  throws  in  a  little  rim  at  1,  which 

connects  the  new  and  old  sweeps  by  a  curve  or  ogee;  then 

Figs.  277. 278. 

another  little  circle  2,  will  be  similarly  gathered  in,  then  3,  4,  5, 
and  so  on,  up  to  the  edge.     Now  the  artifice  consists  in  making 
Hhe  intervals  both  of  the  great  sweeps,  a,  b,  c,  fig.  274,  and  of 
the  little  waves  1,  2,  3,  of  fig.  277,  as  large  as  practicable, 



..Ird  they  do  not  cause  the  exterior  UK  tal  to  pucker  or 

mi-  in  plaits,  as  i  -.-r  its  ultimately  cracking 
at  those  plae,  I,  whan  the  metal  mijrht  have  become  plaited. 

In  thus  raisi.  metal,  it  necessarily  becomes  tlml 

•ruction  in  diameter,  hut  as  in  fig.  276  the  hammer 
at  /<,  gives  a  hollow  blow  and  bends,  whil.st  the  part  *,  gives  a 
solid  blow  and  thins,  the  tun  effects  are  thus  combined;  and 

\\ln-n  they  are  duly  proportioned,  by  a  hammer  more  or  less 
round,  and  blows  more  or  less  oblique,  the  true  thickness  as  well 

as  the  de.sired  change  of  figure  are  both  obtained. 
It  is  easier  to  get  the  hemisphere  by  a  little  excess  of  thinning, 

or  by  a  superfluity  of  blows  :  so  that  the  less  skilful  workman 
will  use  a  piece  of  copper  of  seven  inches  diameter,  with  additional 

blows,  for  a  six  inch  hemisphere  :  but  the  more  skilful  will  take 
a  piece  of  seven  and  a  half  inches  diameter,  and  obtain  the  work 
with  less  labour.  Occasionally,  uhen  the  work  is  common  and 
thin,  from  three  to  six  hemispheres  or  other  pieces  are  hollowed 
together,  the  outer  piece  is  cut  as  a  hexagon  or  octagon,  and 

.i^les  are  bent  over  to  embrace  the  inner  pieces,  before  the 
process  of  hollowing  is  begun,  and  which  scarcely  consumes  more 
time  than  for  one  only.  This  is  a  general  practice  in  hollowing 

tin-works,  such  as  the  covers  of  saucepans,  as  the  number  of  thick - 
es  divide  the  strength  of  the  blows;  the  several  pieces  are 

then  twisted  round  at  intervals,  so  as  to  arrange  them  in  a 

ditl'erent  order,  which  mixes  the  little  imperfections,  and  tends 
heir  mutual  correction :  the  raising  process  represented  in 

i\£.  277  is  also  performed  upon  two  or  three  pieces  at  a  time, 

when  they  are  sufficiently  thin  to  permit  it.* 

*  Duo  of  the  most  conspicuous  and  remarkable  examples  of  raised  works,  is  the 

ball  and  cross  of  St.  Paul's  Cathedral,  London.     The  old  ball  consisted  of  sixteen 

pieces  riveted  together ;  the  present,  also  6  feet  diameter  and  l  inch  thick,  was 

raised  in  t*o  piece*  only,  and  may  therefore  be  considered  to  mark  the  improve- 

sent  in  the  coppersmith's  art  in  making  large  works,  such  as  sugar-pans,  stills,  Ac. 
The  metal  was  first  thinned  and  partly  formed  under  the  tilt-hammer  at  the 

.Dpper-mills,  or  sunk  in  a  concave  bed  ;  the  raising  was  effected  precisely  as  ex- 
plained iti  fig.  277,  and  with  hammers  but  little  larger  than  usual ;  the  two  parti 

riveted  together  in  their  place,  and  the  joint  is  concealed  by  the  ornamental 

All  the  work  is  modern,  and  U  mostly  hammered  up,  except  the  cast  gun-metal 
olea  beneath  the  ball,  which  formed  part  of  the  original  metallic  edifice ;  a 

_e  to  which  it  U  justly  entitled,  the  height  being  29  feet,  and  the  weight  of 
ton*.     The  new  ball  and  cross  were  erected  in  1821,  by  Messrs.  K< 

•    • 
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Having  conveyed  the  full  particulars  for  raising  a  hemisphe- 
rical shape,  the  modifications  of  treatment  required  for  various 

other  forms  will  be  sufficiently  apparent.  Thus,  below  the 
dotted  lines  a  d,  in  fig.  278,  the  sweeps  are  exactly  the  same  as 

in  fig.  274,  but  the  metal  rises  higher  from  having  been  origi- 
nally larger :  in  the  courses  g  h,  it  is  first  kept  rather  thicker  011 

the  edge,  and  towards  the  conclusion,  it  is  thinned  on  the  edge 
to  the  common  substance,  and  curled  over  by  hollow  blows  from 

within,  although  the  whole  figure  might  be  produced  by  external 
blows,  but  which  would  be  a  more  tedious  method. 

On  the  other  hand,  by  the  continuance  of  the  raising-in,  ex- 
plained by  diagram  277,  the  metal  would  be  gathered  into  a 

smaller  diameter  through  the  steps  ij  k  I,  in  the  latter  of  which 
the  metal  would  become  thickened,  unless  the  solid  or  thinning 

blows  were  allowed  to  predominate.  If  enough  metal  had  been 
given  in  the  first  instance,  when  the  mouth  had  been  contracted 
as  to  the  form  of  a  teapot,  it  might  be  extended  upwards  as  a 

cylindrical  neck,  in  the  manner  explained  in  fig.  271,  p.  400,  and 
curled  over  at  the  top,  as  on  the  opposite  side  of  fig.  278,  at  h. 

To  lessen  the  labour  of  raising  works  from  a  single  flat  plate, 
soldering  is  sometimes  resorted  to ;  thus  the  teapots,  figs.  207 

and  209,  p.  383,  might  be  made  in  two  dished  pieces,  and  sol- 
dered at  the  largest  diameter ;  the  lofty  vase  or  coffeepot,  fig.  211, 

could  be  made  from  a  cylinder  of  midway  diameter  soldered 

up  the  side,  the  bulge  being  set-out  by  thinning  the  metal,  and 
the  contraction  above  being  drawn-in  by  hollow  blows. 

Vases  in  the  shape  of  an  earthen  oil  jar,  or  of  the  line  I  d  n, 
fig.  278,  could  be  made  from  a  cone  such  as  op,  with  a  bottom 
soldered  in  :  these  preparations  would  save  the  work  of  the  ham- 

mer, although  such  forms  and  others  far  more  difficult  could  be 

raised  entirely  by  the  hammer  from  a  flat  piece  of  metal. 

Should  any  of  the  above  vessels  require  a  solid  thickened  edge 

or  lip,  beyond  that  which  would  result  from  the  drawing-in  of 
the  metal,  it  would  be  necessary  to  select  a  piece  of  metal  of 
smaller  diameter  but  thicker,  and  to  retain  the  margin  of  the 
full  thickness  by  directing  all  the  blows  within  the  same;  some- 

London  j  they  are  strengthened  by  a  most  judicious  inner  framing  of  copper  and 
wrought-iron  bars,  stays,  bolts,  and  nuts,  extending  through  the  arms  and  down- 

wards into  the  building ;  thus  adding  about  2  tons  of  iron  to  the  load  of  copper, 
and  to  the  38  ounces  of  gold  used  in  its  decoration. 



times  on  the  other  hnnd,  works  i  >  be  thinned  on   the 

edge,  these  are  then  cutout  proportionally  smaller  than  their 

inti -uded  sizes,  ns  illn -•  :-at.-,l  by  the  following  example,  which  is 
considered  the  most  diflicult  of  its  kind. 

bell  of  a  r'renrh  horn,  together  with  the  first  coil  of  the 
c  made  of  a  flat  strip  of  metal  about  4  feet  long  and 

2  inches  vride;  for  making  the  bell  of  tin-  instrument,  there  is 
an  enlargement  nt  one  end  of  the  strip,  in  the  form  of  the  funnel 

e  206,  page  382,  and  of  the  width  of  10  to  22  inches,  the 

smaller  pieee  being  adopted  \\lu-n  the  bell  is  required  to  be  very 
thin.     The  narrower  piece  of  metal,  when  first  bent  up,  much 
resembles  the  butt  end  of  a  musket,  terminating  in  a  small  tube; 
the  metal  is  united  and  soldered  down  the  edge  with  a  cramp  or 

dovetail  joint,  fij;.  -2  IS,  page  393 ;  it  is  next  thrown  into  a  conical 
i  of  about  five  inches  diameter,  and  expanded  from  within, 
with  blows  of  a  wooden  mallet  upon  a  wooden  block,  and 

then  with  those  of  a  hammer  on  iron  stakes. 

AY  hen  nearly  finished,  or  about  one  foot  diameter,  it  is  ham- 
mered very  accurately  upon  a  cast-iron  mould  turned  exactly  to 

the  form  of  the  bell,  which  is  thus  rendered  much  thinner  than 

the  general  substance,  and  remarkably  exact;  the  band  con- 
taining the  wire  for  stiffening  the  edge  of  the  bell,  is  attached 

by  dexterous  hammering  and  without  solder.  To  bend  the  tube 
to  the  curve  without  disturbing  its  circular  section,  it  is  filled 

with  a  cement,  principally  pitch,  which  allows  the  tube  to  be 
bent  to  the  scroll  of  the  instrument,  without  suffering  the  metal 

to  be  puckered  or  disturbed  from  its  true  circular  section  ;  and 
in  bending  similar  tubes  to  smaller  curves,  they  are  filled  with 

I.  These  materials  serve  as  flexible  and  fusible  supports, 

which  are  easily  removed  when  no  longer  required. 

Should  any   of  the  raised  works  have  ornamental   dt 
such   as  concave  or  convex  flutes,  or   other   mouldings,   they 

>uld  be  mostly  overlooked  until  the  general  forms  had  ! 
and  then  every  little  part  would  be  proceeded  with 

ie  same  principles  of  solid  and  hollow  blows.    Each  of  the  v 
flutes  would  be  first  slightly  developed  all  around  the  object, 

ien  more  fully,  and  so  on  until  the  completion  :  when,  h<>\\ 
ire  so  large  as  to  form  what  may  be  considered  integral 

ts,  it  is  necessary  to  prepare  for  them  at  an  earlier  stage. 
Thus,  to  take  an  excellent,  familiar,  and  agreeable  example,  let 
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fig.  279  represent  plans,  280  sections,  and  281  elevations  of 

jelly  moulds,  many  of  which  require  the  greatest  skill  of  the 
coppersmith.  The  general  outline  is  that  of  a  cylinder  abed, 
upon  a  larger  cylinder  efg  h,  as  a  base.  The  twelve  large 
and  deeply  indented  flutes  or  fiuials,  rise  perpendicularly  to  a 

great  height  from  the  plane  surfaces  a  c  and  e  b,  and  yet  the 
whole  is  hammered  out  of  one  flat  plate. 

Figs.  279. 
280. 281. 

r 
a -•         I: C \ 

I r .ih 
\ 

The  first  step  is  to  raise  the  summits  of  the  flutes  i  or  k,  pre- 
paratory to  the  general  formation  of  the  upper  cylinder  abed, 

and  then  the  two  are  worked  up  together,  leaving  for  a  time 

the  expanded  base  efgh,  but  ultimately  the  whole  receive  a 
general  attention  in  common.  If  the  flutes  were  polygonal,  and 
terminated  in  ornaments  like  spires  or  finials,  as  at  k,  they 
would  be  first  treated  as  if  for  the  more  simple  or  generic  form  i, 
and  the  details  would  be  subsequently  produced. 

I  have  before  me  a  mould  which  consists  of  two  series  of 

polygonal  flutes,  such  as  k,  rising  one  above  the  other,  and  end- 
ing in  pyramids  which  altogether  present  the  appearance  of  a 

beautiful  and  symmetrical  group  of  crystals  ;  this  was  produced 
in  the  same  general  manner,  by  external  blows,  and  almost 
without  the  employment  of  compasses  or  measuring  instruments. 

Those  moulds  which  require  an  inner  tube,  (the  Turk's  cap  of 
the  confectioner,)  although  for  economy  usually  made  in  two 
parts,  may  be  made  in  one.  In  this  case  the  tube  would  be  first 
raised  in  the  center  of  a  flat  plate,  beginning  from  a  very  small 
hole,  the  edge  of  which  would  be  first  curled  up  perpendicularly, 
and  then  the  flat  disk  would  be  driven  downwards  by  bl 

within  the  angle,  throwing  part  of  its  central  substance  into 

the  body  of  the  tube ;  after  the  completion  of  which  the  sur- 
rounding parts  would  be  raised  as  before  described,  but  the 
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process  would  he  (lit  m  the  narrow  space  for  the  stakes 

or  imuT  tools.     The  skill  called   fur  iu  such  works  is  greatly 
ciiliauei  (1  hy  the  attention  which  is  required  to  preserve  a  nearly 

brm  thicknett  in  the   metal,    notwithstanding  the   appa. 

•ire  to  \vhieh  it  is  submitted  ;  and  this  i>  only  endured  in 
consequent  v  of  a  tV.  ,| uc nt  recurrence  to  t  he  process  of  annealing, 
which  reinstates  the  malleable  prop< 

In  cases  of  extensi\e  repetition,  or  where  large  numbers  of  any 
specific  shape  arc  required,  expensive  dies  of  the  exact  forms 
are  employed  ;  hut  these  are  only  applicable  to  objects  in  small 

relief,  and  to  those  in  whicli  the  parts  are  not  quite  perpen- 
dicular. Dies  would  be  entirely  inapplicable  to  objects  such  as 

the  jelly  moulds,  fig.  280,  although  a  common  notion  exists  that 
they  are  rapidly  made  by  that  method,  but  which  is  in  gei. 

ily  impossible  when  such  objects  are  made  in  one  piece.  In 
all  such  cases,  the  metal  has  to  undergo  the  same  bendiugs  and 

stretchings  between  the  dies  as  if  worked  by  the  hammer,  and 
which  unless  gradually  brought  about,  are  sure  to  cut  and  rend 

the  metal;  the  production  of  many  such  forms  with  dies  is 
therefore  altogether  impracticable. 

11  •-.  ttft 283. 

For  example,  the  patera  or  moulding,  zt  fig.  282,  is  only  in 
small  relief,  and  yet  the  flat  piece  of  metal  a,  would  be  cut   in 

or  more  parts  if  suddenly  compressed  between  the  dies  A,  B ; 
as  the  edges  i,j,  would  first  abruptly  bend  and  then  cut  the 
metal,  without  giving  it  the  requisite  time  to  draw  in,  or  to  ply 

If  gradually   to  the  die,   beginning  at  the  center  as  in  the 

process  of  hammering. 

In  fig.  ~2^-'>,  the  Hi  thicknesses  obliterate  the  effect  of 
dgcs  of  the  bottom  die  B ;  the  face  and  back  of  * 

thickness  differ,  as  although  parallel  they  are  not  alike,  but  they 

gradually  less  defined,  so  that  in  fig.  283,  the  top  •; 
:quires  nothing  more  than  a  flowing  line  with  slight  undulations. 
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Therefore,  when  two  or  three  dozen  plates  are  inserted  between 
the  dies  A,  B,  the  transition  from  a  to  z  is  so  gradual,  that  the 

metal  can  safely  proceed  from  a  to  b,  from  b  to  c,  and  so  on, 
and  it  will  be  progressively  drawn  in  and  raised  without  injury. 

When  one^or  two  pieces  alone  are  required,  they  are  blocked-down 
to  fit  the  mould,  by  laying  above  them  a  thick  piece  of  lead, 
which  latter  is  struck  with  the  mallet  or  hammer;  by  the 

yielding  resistance  the  lead  opposes,  the  thin  metal  is  drawn 
into  the  die  with  much  less  risk  of  accident,  than  if  it  were 

subjected  to  the  blows  without  the  intervention  of  the  lead. 
In  producing  many  pieces,  however,  one  piece  a,  is  added  at 

the  top,  between  every  blow,  and  one  piece  z,  is  also  removed 
from  the  bottom ;  occasionally  two,  three  or  more  are  thus  added 

and  removed  at  one  time,  and  generally  as  the  concluding  step, 
every  piece  is  struck  singly  between  dies,  such  as  fig.  282,  which 

exactly  correspond.  In  general  the  process  of  annealing  must 
be  also  resorted  to  once  or  more  frequently  during  the  transition 
from  a  to  z.  For  the  best  works  the  bottom  die  is  mostly  of 
hardened  steel,  sometimes  of  cast  iron,  or  hard  brass  ;  the  top  die 

is  also  of  hardened  steel  in  the  best  works,  but  in  very  numerous 
cases  lead  is  used,  from  the  readiness  with  which  it  adapts  itself 
to  the  shape  required. 

Stamping  is  very  common  for  many  works  in  brass,  but  which 
would  be  inapplicable  if  the  pieces  had  perpendicular  and  lofty 

sides,  as  in  fig.  280,  page  408  :  such  lines,  although  rounded  by 

the  successive  thicknesses  of  metal,  would  still  present  perpen- 
dicular sides,  and  therefore  render  this  mode  of  treatment  with 

dies  impracticable,  without  reference  to  cost.  Thimbles  are 

raised  at  five  or  six  blows,  between  as  many  pairs  of  conical  dies 

successively  higher,  but  the  metal  requires  to  be  annealed  every 
time.  See  note  A  C,  page  974,  Appendix,  Vol.  II. 

SECT.  III. — PECULIARITIES  IN  THE  TOOLS  AND  METHODS. 

BEFORE  concluding  the  remarks  on  raised  works,  it  may  be 
desirable  to  revert  to  some  of  the  principal  and  distinguishing 
features  of  the  tools  employed  in  these  arts.  As  a  general  rule, 
it  will  be  observed  that  all  these  manifold  shapes  are  the  more 
quickly  obtained,  the  more  nearly  the  various  tools  assimilate  to 
the  works  to  be  wrought.  For  instance,  the  several  dies  and 

swage  tools  quickly  and  accurately  produce  mouldings,  of  the 
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specific  I  he  several  pairs  of  dies  .  hut  it  i«  utterly  iinpos- 

•  to  extend   this  method  to  all  cases,  and  the  progressive 
changes  required,  from  the  flat  disk,  the  cylinder  or  cone,  as  the 

case   may   be,  to  the   finNie.l  object;    and  t  certain 
us  of  tools  can  alone  be  employed,  and  they  are 

anally  changed  as  the  work  proceeds. 
hollow  works  with  coi,  mouth*,  the  inner  tools  are 

required  gradually  to  decrease  in  bulk  and  to  increase  in  length, 

in  order  to  enter  the  cavities;  but  they  can  be  rarely  the  exact 

counterparts  of  the  transient  forms  of  the  works,  nor  is  it  always 
i  ahle  they  should  be  so.  The  tools  are  often  required  to  be 

bent  at  the  end,  to  extend  within  a  shoulder  or  gorge ;  the 

small  stake  in  the  tool,  fig.  220,  p.  386,  is  an  example  of  this ; 
the  dotted  line  represents  the  work,  such  as  the  perforated 
cover  of  a  cylinder,  or  the  top  of  a  teakettle:  the  strong 

wrought-iron  arm  or  horse,  fig.  220,  carries  the  small  steel  tools, 
and  which  latter,  may  be  also  fixed  by  their  shanks  either  in  the 
bench  or  vice,  according  to  circumstances. 

There  are  many  curious  circumstances  respecting  the  modifi- 
cation of  the  materials  for,  as  well  as  the  forms  of,  the  hammers 

and  anvils,  if  the  use  of  these  terms  may  be  extended  to  the 

various  contrivances,  by  the  action  and  re-action  of  which  thin 
metal  works  are  produced ;  and  the  concluding  examples  are 
advanced  to  bring  some  of  these  peculiarities  of  method  into 
notice. 

The  plated  metals  have  so  thin  a  coating  of  silver,  that  they 
require  more  expert  hammering  than  similar  works  in  solid 
silver,  otherwise  the  removal  of  the  bruises  left  by  the  hammer, 

by  scraping  and  polishing,  might  wear  through  the  silver  and  show 
the  copper  beneath.  The  bruises  are  therefore  driven  to  the 

copper  side,  by  hammering  upon  the  silver  or  the  face,  with  a 
very  smooth  planishing  hammer,  and  covering  the  anvil  or  bottom 
tool  with  rloth.  On  account  of  the  elasticity  thus  given,  the 
blows  become  so  far  hollow  that  all  the  little  bruises  descend  to 

the  copper  side,  or  that  which  is  exposed  to  the  cloth,  and  the 
face  becomes  perfectly  smooth. 

\\hcn  the  inside  of  a  vessel  is  required  to  be  smooth,  it  is  the 

hammer  that  is  covered  with  cloth,  stretched  over  it  by  an  iron 
rinir,  and  the  polished  stake  or  head  within  the  vessel  is  left 

uneou-reil ;  and  in  those  cases  in  which  the  work  is  required  to 
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be  good  on  both  sides,  the  faces  both  of  the  hammer  aud  anvil 

are  each  muffled ;  this  gives  them  some  of  the  elasticity  of  wooden 
tools,  but  with  superior  definition  of  figure. 

Plated  works  are  generally  furnished  with  an  additional  thick- 
ness of  silver  at  the  part  to  be  engraved  with  a  crest  or  cypher, 

in  order  that  the  lines  may  not  penetrate  to  the  copper,  (see  page 
282  ;)  should  it,  however,  be  requisite  to  remove  the  engraved 
lines  for  the  substitution  of  others,  the  following  mode  is 
resorted  to. 

The  object  is  laid  upon  the  anvil  over  a  piece  of  sheet  lead 
and  it  is  struck  with  a  bare  hammer  upon  the  engraved  lines,  these 
latter  are  therefore  hollow  as  regards  the  face  of  the  hammer  ; 

in  consequence  of  which,  the  reaction  of  the  lead  causes  it  to 
rise  in  ridges  corresponding  with  the  engraved  lines,  and  to 
drive  the  thin  plated  metal  before  it.  The  device  is  thus  in  great 

measure  obliterated  from  the  silver  face  and  thrown  to  the  copper 
side,  so  as  to  leave  much  less  to  be  polished  out ;  this  ingenious 
method  is  appropriately  called  reversing. 

In  making  vases,  such  as  figs.  209  and  211,  page  383,  the 
metal  is  first  driven  into  concave  wooden  blocks  with  a  wooden 

mallet,  as  in  fig.  273,  page  402,  in  order  to  gather  up  the  metal 
into  the  fluted  concave  275,  page  403,  but  without  making  any 
sensible  alteration  in  its  thickness.  In  the  next  stage  of  the 
work,  metal  tools  are  alone  employed,  whether  the  object  be  made 

by  raising-in  with  hollow  blows,  or  by  setting-out  with  solid 
1}lows  as  adverted  to ;  and  the  sizes  and  curvatures  of  the  tools 

require  to  be  accommodated  to  the  changes  of  the  work. 
Supposing  the  vases  to  have  either  concave  or  convex  flutes, 

escutcheons,  or  similar  ornamental  details,  they  are  now  sketched 
with  the  compasses  upon  the  plain  surface  of  the  vase ;  and  if  from 
the  shape  of  the  works  swage  tools  similar  to  fig.  229,  p.  386, 

cannot  be  employed  for  raising  the  projecting  parts,  they  are 

snarled-up,  by  the  method  represented  overleaf  in  fig.  £84. 
Thus  at  v,  are  the  jaws  of  the  tail  vice,  in  which  the  snarling -iron 

s,  is  securely  fixed ;  the  extremity  b,  which  is  turned  up  must  be 
sufficiently  long  to  reach  any  part  of  the  interior  of  the  vessel, 
but  yet  small  enough  to  enter  its  mouth.  The  work  is  held 

firmly  in  the  two  hands,  with  the  part  to  be  raised  or  set-out 
exactly  over  the  end  b ;  and  when  the  snarling-irou  is  struck  with 
a  hammer  at  h,  the  reaction  gives  a  blow  within  the  vessel,  which 



\vs  the  i  in  the  form  of  the  end  of  the  tool,  whet 

angular,  cylindrical,  or  globular:   except  in  small  works,  two  indi- 
viduals arc  i.  .iiiHrd,  one  to  hold  and  the  other  to  strike. 
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Figure  2 85  shows  the  last  stage  of  the  work  prior  to  polishing; 
thus  in  finishing  the  flutes  and  other  ornaments  after  they  are 

snarled-up,  the  object  is  filled  with  a  melted  composition  of  pitch 
and  brick-dust,  sometimes  the  pitch  is  used  alone,  or  common  n 
is  added;  the  ornaments  are  nowcorrected  with  punches  or  chasing 
tools  of  the  counterpart  forms  of  the  several  parts;  some  portions 
of  the  metal  are  thus  driven  inwards,  whilst  those  around  rise 

up  from  the  displacement  and  re-action  of  the  pitch.  To  avoid 
injuring  the  lower  surface  of  the  work  it  is  supported  upon  a 

sand- bag  b,  like  those  used  by  engravers,  and  the  perpendicular 
lines  p,  denote  the  usual  position  of  the  chasing  tool. 

Works  in  copper  and  brass  are  sometimes  filled  with  lead  at 
the  time  of  their  being  chased,  but  the  silversmiths  andgoldsmiths 
are  studious  to  avoid  the  use  of  this  metal,  as  if  it  gets  into  the 
fire  along  with  their  works,  it  is  very  destructive  to  them. 

Pitch  and  mixtures  of  similar  kind,  are  constantly  used  in  the 
art  of  chasing  in  its  more  common  acceptation ;  from  its  adhesive 

and  yielding  nature  it  is  a  most  appropriate  support,  as  it  leaves 
both  hands  at  liberty,  the  left  to  hold  the  punch,  the  right  for 
the  small  hammer  used  in  striking  it. 

The  pitch-block,  fig.  286,  is  employed  to  afford  the  utmost 
choice  of  position,  for  works  from  the  smallest  size  to  those 

of  six  or  eight  inches  long.  The  lower  part  is  exactly  hemi- 
spherical, and  it  is  placed  upon  a  stout  metal  ring  or  collar  of 

corresponding  shape,  covered  with  leather.  The  mass  of  metal 
makes  a  firm  solid  bed  to  sustain  the  blows,  and  the  ball  and 

socket  contact,  allows  the  work  to  assume  every  obliquity,  and  to 
be  twisted  round  to  place  any  part  towards  the  artist. 

Large  flat  works  in  high  relief  arc  frequently  sketched  out  and 
commenced  from  the  reverse  face,  the  prominent  parts  of  the 
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subject  being  sunk  into  the  pitch,  which  after  a  short  time  must 
be  melted  away  to  allow  the  metal  to  be  annealed ;  and  this  is 

frequently  required  when  the  works  are  much  raised.  In  the 
concluding  steps  the  artist  works  from  the  face  side. 

Many  of  the  chased  works  are  cast  in  sand  moulds  from  metal 

models,  which  have  been  previously  chased  nearly  to  the  required 

forms";  the  castings  are  first  pickled  to  remove  the  sand  coat, 
and  in  such  cases,  chisel  and  gravers  are  somewhat  used  in 

removing  the  useless  and  undercut  parts.* 
The  art  of  chasing  may  be  considered  as  the  sequel  to  that  of 

forging  (that  is,  setting  aside  the  employment  of  the  red-heat), 
but  the  various  hammers  and  swage  tools  now  dwindle  into  the 
most  diminutive  sizes,  and  are  required  of  as  many  shapes  as  may 

nearly  correspond  with  every  minute  detail  of  the  most  complex 
works.  Some  of  them  are  grooved  and  checkered  at  the  ends, 

and  others  are  polished  as  carefully  as  the  planishing  hammers, 
that  they  may  impart  their  own  degree  of  perfection  and  finish 
to  the  works ;  in  a  similar  manner  that  the  polish  and  excellence 
of  coins  and  medals  are  entirely  due  to  that  of  the  dies  from 

which  they  are  struck,  the  chasing  process  being,  as  it  were,  a 
minute  subdivision  of  the  action  of  the  die  itself. 

SECT.    IV. — THE    PRINCIPLES    AND    PRACTICE    OF    FLATTENING 
THIN    PLATES    OF    METAL    WITH    THE    HAMMER. 

I  HAVE  purposely  reserved  this  subject  for  a  distinct  section, 
on  account  of  its  great  general  importance  in  the  arts,  and  have 
placed  it  last,  in  order  that  the  various  applications  of  the 
hammer  might  have  been  rendered  comparatively  familiar ;  for 

*  Many  ancient  specimens  of  armour,  gold  and  silver  plate,  vases  and  ornaments, 
are  excellent  examples  of  raised,  chased,  inlaid  and  engraved  works,  both  as  regards 
design  and  execution.  In  our  own  times,  the  Hungarian  silversmith,  Szentepeteri, 

has  produced  a  very  remarkable  alto-relievo  in  copper,  taken  from  Le  Brun'a 
picture  of  the  battle  of  Arbela,  in  which  some  of  the  legs  of  the  horses  stand  out 
and  are  entirely  in  relief  from  the  background. 

It  would  appear  from  a  prior  attempt,  also  exhibited,  in  which  the  artist  had 

failed,  as  if  the  metal  were  cut  through  around  the  legs,  and  that  the  edges  of  the 
hole  were  drawn  together  to  complete  the  background,  whilst  the  edges  of  the 
removed  piece  were  also  stretched  and  curled  backwards  so  as  to  unite  at  the 

hinder  part  of  the  limb.  This  singular  chasing  was  exhibited  in  London  in  1838 

and  1851 ;  and  the  author  of  "  Hungary  and  Transylvania,"  (1839,)  who  visited  the 
artist,  during  the  progress  of  the  work,  speaks  warmly  of  his  unpretending  skill. 
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alt  huii-li  the  piano  surface,  111. iy  appear  to  be  of  more  easy  att 
ment  than  many  of  the  complex  forms  which  have  hcenadvcr 
to,  such  is  by  no  means  the  case. 

The  methods  employed  are  entirely  dill'ercnt  from  thnt  ex- 
plained at  page  217,  in  ivi'ei-ence  to  tlattenint;  thick  ri-id  plates, 

which  are  corrected  by  enlm-ii'my  the  concave  fide,  with  blows  of 
the  sharp  rectangular  edge  of  the  hack  hammer,  applied  within 

the  cniica\ity.  A  method  which  bears  some  analogy  to  that  em- 
ployed by  the-  joiner  in  straightening  a  board  which  is  curved  in 

\idtli,  namely,  the  contraction  of  its  convex  side  by  exposure 
to  heat,  as  adverted  to  at  page  51.  In  thin  metal  plates  neither 
of  these  modes  is  available,  as  the  near  proximity  of  the  two  sides 

causes  both  to  be  influenced  in  an  almost  equal  degree  by  any 
mode  of  treatment. 

Thin  plates  are  flattened  by  means  of  solid  and  hollow  blows, 

which  have  been  recently  explained,  but  they  require  to  be  given 
with  considerable  judgment ;  and  a  successful  result  is  only  to 
be  obtained  by  a  nice  discrimination  and  considerable  practice. 
All  therefore  that  can  be  here  attempted  is  an  examination  of 

the  principles  concerned,  and  of  the  general  practice  pursued ; 
as  the  process  being  confessedly  one  of  a  most  difficult  nature, 

success  is  only  to  be  expected  or  attained  by  a  strict  and  per- 
severing regard  to  principle. 

As  respects  thin  works  no  figure  is  so  easily  distorted  as  the 
true  plane,  and  this  arises  from  the  very  minute  difference  which 
exists  between  the  span  or  chord  of  a  very  flat  arch,  and  its 

length  measured  around  the  curve.  For  example,  imagining  the 
span  of  an  arch  to  be  one  inch,  and  the  height  of  the  same  to  be 

one-twentieth  of  an  inch  (a  monstrous  error  as  regards  a  flat 
plate),  the  curve  would  be  only  about  one  200th  of  an  inch  longer 
than  the  span  :  and  therefore,  if  any  spot  of  one  inch  diameter, 
were  stretched  until,  if  unrestrained,  it  would  become  one  inch 

and  one  200th,  in  diameter,  such  spot  would  rise  up  as  a  bulge 

one-twentieth  of  an  inch  hiirh.  This  trivial  change  of  magnitude 
would  he  accomplished  with  very  few  blows  of  the  hammer,  and 
much  less  than  this  would  probably  distort  the  whole  plate. 

there  would  be  not  one  error  only,  but 

•  al,  the  relationship  of  which  would  be  more  or  less  altt 
with  nearly  every  blow  of  the  hammer;  thence  arises  the  ditli- 
cnlty,  as  the  plane  surface  cannot  exist  so  long  as  any  part  of 
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the  plate  is  extended  beyond  its  just  and  proportional  size,  and 

which  it  is  a  very  critical  point  to  arrive  at. 
There  is  another  test  of  the  unequal  condition  of  flat  works 

besides  that  of  form,  namely  their  equal  or  unequal  states  of 

elasticity,  and  which  is  an  important  point  of  observation  to  the 
workman.  For  instance,  if  we  suppose  a  plate  of  metal  to  be 

exactly  uniform  in  its  condition,  it  will  bend  with  equal  facility 

at  every  point,  so  that  bending  a  long  spring  or  saw,  will  cause 
it  to  assume  a  true  and  easy  curve ;  but  supposing  one  part  to 
be  weaker  than  the  remainder,  the  saw  will  bend  more  at  the 

weak  part,  and  the  blade  will  become  as  it  were  two  curves  moving 

on  a  hinge.  "When  such  objects  are  held  by  the  one  extremity 
and  vibrated,  the  perfect,  will  feel  as  a  uniformly  elastic  cane ; 

the  imperfect,  as  a  cane  having  a  slight  flaw,  which  renders  it 
weak  at  one  spot ;  and  in  this  manner  we  partly  judge  of  the 

truth  of  a  hand-saw,  as  in  shaking  it  violently  by  the  handle,  it 
will,  if  irregularly  elastic,  lean  towards  the  character  of  the 

injured  cane,  a  distinction  easily  appreciated. 
A  thin  plate  of  metal  can  only  be  perfectly  elastic,  when  it  is 

either  a  true  plane  or  a  true  curve,  so  that  every  point  is  under 
the  same  circumstances  as  to  strength.  Thus  a  hemisphere,  as 

at  a,  fig.  287,  possesses  very  great  strength  and  rigidity  owing 
to  its  convexity,  but  as  the  figure  becomes  less  convex  it 
decreases  gradually  in  strength,  and  when  it  slides  down  to  the 
plane  surface,  as  at  /,  the  metal  assumes  its  weakest  form. 

Fig.  287. 

c  d  f 

A  nearly  plane  surface  will  necessarily  consist  of  a  multitude 
of  convexities  or  bulges  varying  in  size  and  strength,  connected 
by  intermediate  portions,  which  may  be  supposed  to  be  plane 
surfaces ;  the  whole  may  be  considered  as  greatly  exaggerated  in 
the  figure.  The  bulged  parts  are  stronger  than  the  plain  flat 
parts,  it  follows  that  the  bending  will  occur  in  preference  at  the 

plane  or  weak  parts  of  the  plate,  precisely  as  in  the  injured  cane. 
\Yhen  the  bulges  are  large  but  shallow,  they  flap  from  side 

to  side  with  a  noise  at  every  bending,  as  their  very  existence 
shows  that  they  cannot  rest  upon  the  neutral  or  straight  line  ; 

such  parts  are  said  to  be  buckled,  their  ready  change  of  posi- 
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tion  renders  them  flaccid  and  yielding  under  the  pressure  of  the 
ors,  and  they  are  therefore  called  loose  parts,  but  at  the  same 

time  it  is  certain  that  they  are  too  large. 
Ou  the  contrary,  those  parts  which  are  intermediate  between 

the  bulges,  feel  tight  and  tense  under  the  fingers,  because  they 
are  stretched  in  their  positions  and  rendered  comparatively 
straight,  by  the  strong  edges  of  the  bulged  or  convex  parts: 
the  flat  portions,  arc  the  hinges  upon  which  the  bulged  parts 
move,  and  such  flat  parts  are  sensibly  too  small  for  their 
respective  localities,  the  others  being  too  large. 

Now,  therefore,  in  prescribing  the  rule  for  the  avoidance  of 
these  errors,  it  is  simply  to  treat  every  part  alike,  so  that  none 
may  be  stretched  beyond  its  proper  size  so  as  to  become  bulged, 
and  thereby  to  distort  the  whole  plate.  When  the  mischief  has 

occurred,  the  remedy  is  to  extend  all  the  too-small  parts,  or  the 
hinges  of  the  bulges  to  their  true  size,  so  as  to  put  every  part  of 

the  plate  iuto  equal  tension,  by  allowing  the  bulged  or  too-large 
parts  room  to  expand.  Uniform  blows  should  be  therefore 

directed  upon  all  the  straight  or  too-small  parts  of  the  plate,  the 
force  and  number  of  the  blows  being  determined  by  the  respective 
magnitudes  of  the  errors,  and  the  rigidity  of  the  plate. 

In  flattening  plates,  the  greater  part  of  the  work  is  done  with 
solid  blows  upon  a  true  and  nearly  flat  anvil ;  the  face  of  the 
hammer  is  slightly  round,  and  its  weight  and  the  force  of  the 
blows  are  determined  by  the  strength  of  the  plate,  the  slighter 
plate  requiring  more  delicate  blows,  and  being  more  difficult  to 

manage.  In  the  commencement,  the  rectangular  plate  is  ham- 
mered all  over  with  great  regularity  in  parallel  lines  beginning 

from  one  edge ;  it  is  generally  turned  over  and  similarly  treated 
on  the  other  side.  Circular  plates  are  hammered  in  circular 

lines  beginning  from  the  center,  that  is  supposing  the  plates  of 
metal  to  he  soft,  and  in  about  the  ordinary  condition  in  which 

they  are  left  by  the  laminating  rollers;  as  the  equable  hammer- 
ing gives  a  general  rigidity,  which  serves  as  a  foundation  for  the 

correctional  treatment  finally  pursued.  "With  a  steel  plate  hard- 
ened in  the  fire,  and  which  is  already  far  more  rigid  than  the 

soft  plate,  it  is  necessary  to  begin  at  once  upon  the  reduc- 
tion of  the  errors  and  distortions,  which  usually  occur  in  the 

hardening  and  tempering. 

The  hammer  should  be  made  to  fall  on  one  spot  with  the  uni- 
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formity  of  a  tilt-hammer,  the  work  being  moved  about  beneath 
it.  As  however  the  regularity  of  a  machine  is  not  to  be  expected 
from  the  hand,  it  is  scarcely  to  be  looked  for  that  the  work  shall 
be  at  once  flat.  Whilst  the  errors  are  tolerably  conspicuous  or 

considerable,  the  man  accustomed  to  the  work  will  still  keep  the 
hammer  in  constant  motion,  and  will  so  shift  the  work,  as  to 

bring  the  tight  parts  alone  beneath  its  blows,  hammering  with 
little  apparent  concern  just  around  the  margins  of  the  loose 
parts,  or  at  the  foot  of  every  rise.  As  the  plate  becomes  more 
nearly  flat,  it  is  necessary  to  proceed  more  cautiously,  and  to 
hold  the  plate  occasionally  between  the  eye  and  the  light  to 

learn  the  exact  parts  to  be  enlarged,  the  straight-edge  is  also  then 
resorted  to. 

In  many  works,  especially  in  saws  which  require  very  great  truth, 

the  elasticity  is  also  examined ;  this  is  frequently  done  by  holding 

the  opposite  edges  of  the  plate  between  the  fingers  and  thumbs, 
and  bending  them  at  various  parts.  As  previously  explained,  all 

the  portions  which  are  technically  called  tight,  or  those  lines 

upon  which  the  loose  enlarged  parts  appear  to  move  as  on 
hinges,  are  strictly  the  parts  to  be  extended  by  gentle  hammering. 

For  instance,  supposing  that  in  the  plate,  fig.  288,  there  were 

Figs.  288. 289. 

only  one  central  buckle  a,  the  whole  exterior  portion  would 
require  to  be  stretched,  beginning  from  the  base  of  the  bulge ; 
but  it  must  be  remembered  the  extreme  edges  01  the  plate  will 

yield  with  greater  facility  than  the  more  central  parts,  and  there- 
fore require  somewhat  fewer  blows,  as  the  blows  are  all  given  as 

nearly  as  possible  of  the  same  intensity,  and  the  number  of  them 
is  the  source  of  variation. 

If,  as  it  is  more  to  be  expected,  there  are  two  or  more  loose 

parts,  such  as  a,  and  b  c,  the  more  quiescent  part  between  them 

must  be  first  hammered,  as  working  upon  any  loose  or  bulged 
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part  only  magnifies  t  Where  the  intermediate  space  is 

narrow  as  at  d,  less  blows  will  be  needed,  and  such  ti-Kt  parts 
will  soon,  and  soi  very  suddenly,  become  loose  from  the 
two  bulges  melting  into  one.     It  should  be  rather  the  gen 

i,  to  throw  the  several  small  errors  into  a  large  one,  by  getting 
the  plate  into  one  regular  sweep  ;  dealing  the  blows  principally 
between  the  dotted  lines,  not  carelessly  so  as  to  increase  the 

general  departure  from  the  plane  surface,  but  with  an  acute  dis- 
crimination to  lend  all  the  defects  in  the  same  direction,  by  making 

the  plate  as  it  were  a  part  of  a  very  great  cylinder,  as  at  e  or  /, 

^9,  but  with  as  little  curvature  as  possible. 
When  this  is  accomplished,  and  that  the  work  is  free  from 

loose  parts,  it  is  hammered  on  the  rounding  side,  in  lines  parallel 

with  the  axis  of  the  imaginary  cylinder;  so  that  in  <•,  the 
lines  would  be  parallel  with  the  edge  from  which  the  rise  com- 

mences, and  in  /,  or  the  plate  which  is  bent  diagonally,  the  lines 
of  blows  would  be  necessarily  oblique,  although  as  regards  the 
curvature,  the  same  as  in  e.  The  reason  why  any  reduction  of 
curvature  should  at  all  result  from  this  treatment,  (action  and 

re-action  being  alike,)  is  due  to  the  greater  roundness  of  the 
hammer  than  the  anvil ;  the  rounder  hammer  effects  the  change 
more  rapidly,  but  also  the  more  indents  the  work. 

In  a  circular  saw,  the  general  aim  is  first  to  throw  the 

minor  errors  into  one  regular  concavity,  which  may  be  sup- 
posed to  extend  to  b,  b,  in  the  imaginary  section,  fig.  290,  and 

then  the  margin  a,  b,  would  be  hammered  in  a  proportional 
ree,  to  enlarge  it  until  it  just  allowed  the  interior  sufficient 

room  to  expand  to  the  plane  surf;. 
It  may  happen  in  the  course  of  the  hammering  that  from  b  to  b, 

becomes  loose,  whilst  the  extreme  edge  a  a,  is  also  loose,  and  that 

the  intermediate  part  towards  b,  requires  to  be  stretched.  These 
minor  differences  cannot  be  told  alone  by  bending  the  plate  with 

lingers,  as  errors  frequently  exist  which  are  too  minute  to 

yield  to  their  pressure,  and  then,  the  eye  and  straight-edge  are 
conjointly  employed  in  the  examination. 

In  a  saw,  the  general  aim  is  to  leave  the  edge  rather  tight  or 

B  x  2 
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small,  as  then,  the  small  amount  of  expansion  it  acquires  when 

at  work,  from  heat  and  friction,  will  enlarge  the  edge  just  suffi- 

ciently to  bring  the  saw  into  a  state  of  uniform  tension.  Other- 
wise, if  before  the  saw  is  set  to  work  the  edge  is  fully  large 

enough,  when  expanded  by  the  heat  it  is  almost  sure  to  become 
loose  on  the  edge,  and  to  vibrate  from  side  to  side,  without  proper 
stability ;  so  as  to  produce  a  wide  irregular  cut,  and  make  a 

flanking  whip-like  noise,  arising  from  the  violent  vibration  of  the 
buckled  parts  of  the  plate,  in  passing  through  the  saw  kerf;  the 
sides  of  the  wood  will  then  exhibit  ridges  like  the  ripple  marks 
on  the  sandy  shore. 

In  hammering  all  plates,  preference  should  in  the  like  manner 
be  given  to  keeping  the  edge  rather  small  or  stiff,  to  serve  as  a 
margin  or  frame  to  the  more  loose  parts  within;  it  gives  a 

degree  of  stability  somewhat  as  if  the  object  had  a  thickened 
rim,  and  when  a  rim  really  exists,  the  process  of  flattening  is 
comparatively  easy. 

If  by  undue  stretching,  the  edge  is  made  too  loose,  the  whole 
piece  becomes  flaccid  and  very  mobile,  and  we  seem  to  lose  the 

governing  power,  or  those  retaining  points  by  which  the  changes 
of  the  plate  are  both  influenced  and  rendered  apparent ;  the 
edge  thould  be  therefore  always  kept  somewhat  tight,  from  being 

proportionally  less  hammered,  especially  as  the  edge  more  easily 
admits  of  expansion  than  the  inner  part. 

As  a  general  rule,  it  may  be  said  that  every  part  of  the 
plate  which  is  straight  and  tense,  whilst  others  are  curved  and 
flaccid,  denotes  that  every  straight  part  is  under  restraint ;  and 
that  its  straightuess  is  due  to  its  being,  as  it  were,  stretched 

either  lengthways  or  around  its  edges,  by  the  other  parts  which 
are  too  loose,  and  therefore  arched,  and  also  strong.  In  such 

cases,  the  straight  lines  require  to  be  extended  in  length,  to  allow 

sufficient  room  for  the  curves  to  expand  to  their  proportional 
sizes.  This  refers  not  only  to  small  local  errors  towards  the 

inner  part  of  the  plate,  as  explained  by  diagram,  fig.  288,  p.  418  ; 
but  should  the  one  edge  of  a  plate  be  tolerably  straight,  whilst 
the  opposite  is  loose  and  flaccid,  the  rule  also  applies  with  equal 
truth,  and  the  straighter  side  must  be  hammered ;  in  this  case 

the  curved  side  is  as  it  were  a  great  bulge  cut  in  two  parts. 
Should  a  circular  saw  have  a  sudden  dent,  such  as  at  g,  fig. 

290  on  the  last  page,  standing  the  reverse  way,  and  which  may 
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result  from  iu  having  rested  upon  a  small  lump  of  coke  whilst  in 

tin-  fin-,  (he  first  blows  will  be  iriven  on  t lie  hallow  side,  between 

the  lines  /  /',  to  lessen  the  abruptness  of  the  margin  by  stretching 
•  the  clotteil  curve,  aiul  then  it  will  be  driven  downwards  by 

\i<>l,Mit  blows,  to  form  a  part  of  the  general  sweep  or  concavity; 
a  little  time  is  gained  by  these  driving  blows,  over  the  mode  of 
stretching  by  the  hammer. 

The  foregoing  descriptions  have  all  referred  to  solid  blows, 
upon  the  face  of  the  hard  anvil,  but  to  expedite  the  process, 

in ucc  is  often  had  to  h/ncki/iy,  which  is  only  one  application 
amongst  many  others  of  a  wooden  anvil  or  block  with  a  narrow 

flat-faced  hammer,  such  as  fig.  ~i>-5,  page  899.  In  this  case  the 
blows  are  to  a  certain  extent  hollow,  as  the  wood  immediately 

beneath  the  hammer-face  yields  to  the  blow,  whereas  the 
margin  around  the  same  does  not.  Such  blows  arc  therefore 

unquestionably  hollow,  and  hrnd  with  very  little  stretching. 

The  blocking  is  considerably  employed  in  saw-making,  after 
the  loose  parts  have  been  entirely  removed,  as  the  hollow  blows 
correct  any  slight  errors  of  figure,  by  bending  alone,  and  with  little 
risk  of  stretching  the  plates,  if  the  work  be  delicately  performed. 

Towards  the  conclusion,  however,  all  the  different  modes  of 

work  are  required  to  be  used  in  combination,  as  the  true  condi- 
tion of  the  plate  is  only  the  exact  balancing  of  all  the  forces,  or 

of  the  tension  of  the  several  parts ;  and  it  constantly  happens 
that  attention  to  one  error  causes  a  partial  change  and  fluctuation 
throughout  the  whole.  It  therefore  requires  great  tact  to  know 
when  to  leave  the  anvil  for  the  block,  and  when  to  return  to  the 

anvil,  and  so  on  alternately;  and  also  which  side  of  the  plate 
should  be  upwards  for  the  time,  which  particular  points  should 
be  struck,  and  the  required  force  of  the  blows. 

Of  course,  within  certain  limits,  a  thick  plate  is  easier  to 
hammer  than  a  thin  one,  as  the  latter  is  difficult  from  its 

-•>  i\e  mobility;  also  a  soft  plate  of  iron  is  more  difficult  than 
a  hard  plate  of  steel,  although  the  latter  requires  more  blows  to 
produce  the  same  effect  ;  but  when  the  works  arc  very  thick 

they  become  laborious,  and  the  difficulty  always  increases  rapidly 
Mith  the  size  of  the  plate. 

Those  who  may  desire  to  practise  this  art  should  therefore 
commence  with  a  plate  some  4,  G,  or  8  inches  square,  and 
moderately  stout,  and  subsequently  proceed  to  pieces  larger  and 
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thinner.  They  will  also  find  some  advantage  in  raising  the  anvil 
to  within  about  a  foot  of  the  eye,  as  the  alterations  can  he  then 
more  easily  seen  whilst  the  work  lies  on  the  anvil,  and  the  effect 
of  any  predetermined  blows  can  be  the  better  watched.  One 
other  observance  is  essential,  namely,  patience  ;  as  although  the 

process  is  thoroughly  reducible  to  system,  and  no  blow  should  be 
struck  in  vain,  the  beginner  will  frequently  find  it  necessary  to 
pause,  examine,  and  consider,  especially  as  the  errors  decrease ; 
whereas  the  accustomed  eye  will  follow  the  fluctuations  of  the 
plate  almost  without  intermission  of  the  blows,  and  will  also 

accomplish  the  task  with  the  fewest  possible  number  of  blows, 
which  is  the  great  desideratum. 

Indeed  it  may  happen  from  hammering  some  parts  of  a  plate 
excessively  and  improperly,  that  it  is  rendered  so  hard  and 
rigid,  as  to  make  its  correction  very  tedious,  or  indeed  nearly 
impossible  without  previous  annealing,  as  the  plate  might  burst 
or  crack  from  the  extension  being  carried  beyond  the  safe  limit 

of  malleability.-  As  in  raised  works,  the  annealing  is  mostly 
done  by  a  gentle  red  heat ;  but  in  hardened  steel  plates,  a  slight 
increase  of  temperature  barely  sufficient  to  discolour  the  plate, 
will  make  a  perceptible  difference;  and  this  latter  process  is 

always  the  last  step  in  making  a  saw,  in  order  to  restore,  by  a 
gentle  heat,  the  proper  elasticity  which  has  been  mysteriously 
lost  in  the  grinding,  polishing,  and  hammering  required  in  its 
manufacture. 
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ductility  of  many  of  the  metals  and  alloys,  or  the  quality 

which  allows  them  to  be  drawn  into  wire,  is  applied  to  a  variety 
of  curious  uses  iu  the  manufacturing  arts,  and  the  process  may 

bo  viewed  as  the  sequel  to  the  use  of  grooved  and  figured  rollers ; 
hut  the  ductile  metals  submit  to  this  process  with  various  degrees 
of  perfection. 

In  drawing  wire,  the  metal  is  first  prepared  to  the  cylindrical 

form,  either  directly  by  casting,  or  between  rollers  with  semi- 
circular grooves ;  and  the  process  is  completed  by  pulling  the 

il  through  a  series  of  holes  gradually  less  and  less,  made  in 
a  metallic  plate,  by  which  the  wire  becomes  gradually  reduced 
in  size,  and  elongated ;  but  as  in  rolling,  the  process  of  annealing 

must  be  resorted  to  at  proper  interval*. 
In  general,  the  draw-plates  are  made  of  hardened  steel,  and  they 

arc  formed  upon  the  same  principle,  whether  for  round,  square, 
or  complex  sections,  either  solid  as  wires,  or  hollow  as  tubes ; 

the  substance  of  the  metal  is  partly  kept  back,  as  in  a  wave,  by 

a  narrow  ridge  within  the  draw-plate,  acting  as  a  burnisher. 

section  of  the  holes  is  explained  by  fig.  60,  p.  K  ••, 
which  represents  one  of  the  jewel  draw-plates  patented  by 

Hrockedon,  for  gold,  silver,  and  other  line  wires;  but  the 

plates  are  generally  made  of  hardened  steel,  or  else  of  alloys  of 

partly  -imilar  nature,  which  allow  the  holes  to  be  contracted 
and  ropaired,  by  closing  them  with  blows  of  a  pointed  hammer 
or  punch  around  the  hole. 

The  holes  for  round  wires  arc  sometimes  ground  out  from  both 

sides  upon  the  same  brass  cone  or  grinder,  the  sides  of  which 
\ary  in  obliquity  from  lo  to  30  degrees,  according  to  the  metal 
to  be  drawn ;  for  the  sake  of  strength  the  ridge  is  mostly  nc 

he  side  on  which  the  metal  enters,  and  the  sharp  edge  is  also 
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removed,  either  by  wriggling  the  plate  upon  the  grinder  in  order 

to  round  the  inside,  or  in  any  other  manner.* 
The  end  of  the  wire  is  pointed  to  enable  it  to  be  passed  through 

the  hole,  and  it  is  then  caught  by  a  pair  of  nippers,  themselves 
at  the  extremity  either  of  a  chain,  rope,  toothed  rack,  or  screw, 

by  which  the  wire  is  drawn  through  by  rectilinear  motion.  The 

nippers  or  dogs  resemble  very  strong  carpenters'  pincers  or  pliers, 
the  handles  of  which  diverge  at  an  angle;  they  are  sometimes 

closed  by  a  sliding  ring  at  the  end  of  the  strap  or  chain,  which 
slides  down  the  handles  of  the  nippers ;  there  are  some  other 
modifications,  all  acting  upon  the  same  principle,  of  compressing 
the  nippers  the  more  forcibly  upon  the  wire  the  greater  the 
draught.  It  requires  a  proportionally  strong  support  to  resist 
the  strain;  and  to  avoid  the  fracture  of  the  hardened  steel 

draw-plate,  it  is  usually  placed  against  a  strong  perforated  plate 
of  wrought-iron.  In  manufactories  where  large  quantities  of  wire 
are  made,  the  wire  is  more  usually  attached  to  the  circumference 
of  a  reel,  which  is  made  to  revolve  by  steam  or  other  power. 

It  is  necessary  often  to  anneal  the  wire,  but  no  general  rule 
can  be  stated  in  respect  to  its  recurrence ;  and  before  resuming 

the  drawing  process,  the  wire  is  invariably  immersed  in  some  acid 
liquor  or  pickle,  to  remove  the  slight  coating  of  oxide,  which 

would  otherwise  rapidly  destroy  the  plates,  (as  many  of  these 
metallic  oxides  are  used  in  polishing,)  in  general  some  lubricating 

matter  is  applied  to  reduce  the  friction,  as  beer-grounds,  starch- 
water  or  oil ;  and  for  gold  and  silver,  wax  is  generally  used.  (See 
note  A  B,  Appendix,  Vol.  II.  page  974.) 

Most  of  the  wire  is  drawn  upon  reels,  and  is  therefore  met 
with  in  circular  coils,  and  it  is  necessary,  in  almost  every  case,  to 
straighten  it  before  use.  The  soft  or  annealed  wires,  such  as  the 

copper  wire  used  for  bell-hanging,  the  soft  iron  binding-wire  used 
in  soldering,  and  others,  are  stretched  and  straightened  by  fixing 
the  one  end,  and  pulling  the  other  with  a  pair  of  pliers ;  or  short 
pieces  of  soft  wire  may  be  straightened  by  rolling  them  between 
two  flat  boards. t 

Sometimes  the  plate  is  made  with  three  cones  instead  of  two;  the  third  cone 

is  exaggerated  in  fig.  302,  p.  429,  which  represents  the  arrangement  for  drawing 

tubes,  the  central  cone  being  just  equal  to  the  wave,  or  the  quantity  the  metal 

is  reduced.  Under  any  circumstances  all  the  keen  edges  are  removed,  as  they 
would  tear  instead  of  compress  the  material. 

f  Soft  steel  wire  for  making  needles  is  straightened  by  rolling  or  rubbing  :  it  is 
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The  hard-drawn  and  unannealcd  wires,  used  for  making  pin», 
bird-cages,  blinds,  and  numerous  other  wire-works,  are  too 
elastic  to  yield  to  the  above  methods,  and  fig.  291  represents 
the  mode  employed  to  take  the  tpriny  out  of  them,  or  in  other 
words,  to  straighten  these  hard  wires.  The  coil  of  wire  on  the 

reel/,  which  revolves  on  a  pin,  is  drawn  through  the  riddle  g,  by 
the  pliers.  The  riddle  is  a  piece  of  wood  or  metal  with  sloping 
pins,  which  lean  alternately  opposite  ways,  so  as  to  keep  the 

•  close  down  on  the  board,  and  yet  to  compel  it  to  pursue  a 
ly  zigzag,  or  rather  serpentine  course,  which  is  considerably 

..lied  in  the  figure.11 

Figs.  291. 292. 
& 

The  pins  are  equivalent  to  the  three  forces  a,  b,  c,  of  the  bend- 
ing machine,  page  389,  several  times  referred  to.  Were  the  three 
pins  critically  placed,  they  would  suffice  to  bend  the  wire  to 

the  limit  of  its  permanently  elastic  force,  and  would  leave  it  per- 

fectly straight;  commonly  however,  five  pins  are  used,  and  some- 
times seven  or  nine.  The  same  riddle  will  not  serve  for  wires 

differing  in  diameter;  and  were  this  simple  tool  more  expensive 
so  as  to  render  it  desirable,  a  universal  riddle  might  be  made 

cot  up  in  lengths  of  4  or  5  inches,  and  Arranged  in  cylindrical  bundles,  wit  1. in 

ir  •!!  hoops  of  4  inches  diameter;  the  rubber  U  a  bar  of  cast-iron  about  two  feet 

long,  narrow  enough  to  lie  between  the  rings.  5re  Lnrdncr's  Cyclopedia,  Vol.  2, 
Manufacturers  in  Metal,  chapters  XIV.  and  XV.  of  which  contain  much  information 

on  wire-drawing  and  wire-working. 

*  In  actual  practice,  the  riddle  is  made  wider  than  represented,  so  as  to  contain 
about  half  a  dozen  rows  of  pins  suitable  to  an  many  sizes  of  wire ;  between  every 

set  of  pins,  and  fixed  close  down  to  the  board,  is  a  straight  wire  about  three  times 
the  diameter  of  the  one  to  be  straightened :  very  great  importance  is  attached  to 
this  latter  or  central  wire,  being  itself  straight,  it  serves  as  a  metallic  bed  for  the 
small  wire  to  run  upon,  and  it  thereby  gets  worn  into  furrows  crossing  it  obliquely 
from  pin  to  piu.  The  board  U  retained  by  two  staples  at  the  far  end,  which  fit 

loosely  on  two  studs  or  nails  driven  into  the  work-bench. 
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by  placing  the  pins  b  and  d,  under  a  simple  screw-adjustment ; 
but  iu  actual  practice,  a  tap  of  the  hammer  is  found  sufficient 
to  correct  their  positions. 

It  is  necessary  to  be  very  particular  in  pulling  the  wire  through, 
not  to  allow  it  to  lean  sensibly  against  either  of  the  last  two 
pins,  or  it  will  assume  a  curve;  and  in  this  manner,  by  drawing 
the  wire  designedly  at  different  angles,  it  may  be  thrown  into 

any  required  circular  arc,  instead  of  the  right  line/' 
The  great  bulk  of  wire  is  cylindrical,  but  draw-plates  are  also 

made  of  various  other  forms,  as  oval,  half  round,  square,  and 
triangular,  for  the  wires  figs.  293 ;  and  also  of  more  complex 
forms,  as  for  the  production  of  steel  of  the  sections  of  figs.  294, 
known  as  pinion  wire,  the  whole  of  the  illustrations  being  printed 
from  the  wires  themselves.  The  largest  of  294,  serves  for  the 
pinions  of  clocks,  and  the  smallest  for  those  of  watches ;  in  these 

cases  the  entire  arbor,  (which  carries  one  of  the  toothed  wheels,) 
is  made  of  the  pinion  wire,  but  the  teeth  are  removed  from  every 
part,  excepting  that  which  works  into  the  adjoining  wheel  of  the 
train.  The  plates  for  pinion  wire  are  exactly  the  same  as  the 
others  in  principle,  and  exhibit  a  remarkable  degree  of  perfection 

*  Cylindrical  shafts  may  be  viewed  as  large  wires,  aiid  when  they  are  turned  with 
ordinary  care,  in  a  slide-lathe  with  a  back-stay,  it  becomes  pretty  certain  that  the 
shafts  Are  circular,  and  of  true  diameters ;  but  they  are  frequently  more  or  less 
crooked  or  bent  when  they  leave  the  lathe. 

In  straightening  the  axes  or  shafts  intended  for  the  Calculating  Machine,  which 
were  of  steel,  about  6  to  10  feet  long,  and  |  to  1  inch  diameter,  Mr.  Clements 

employed  three  half-round  dies,  fig.  292,  a,  c,  fixed  to  the  bed  of  a  fly-press,  and  b, 
to  the  screw  of  the  same,  which  was  so  adjusted  that  b,  could  only  bend  the  portion 
of  the  shaft  between  a,  c,  to  the  limit  of  its  elasticity ;  and  therefore,  by  keeping 
the  press  constantly  at  work,  drawing  the  rod  through,  and  twisting  it  round  so 
as  to  bend  it  at  every  point  of  its  length,  every  shaft  was  made  perfectly  straight. 

The  straightening  of  black  wrought-iron  shafts  previous  to  turning,  is  now  accom- 
plished by  three  equidistant  rollers,  say  a  foot  diameter  and  twelve  feet  long,  similar 

to  fig.  233,  p.  389.  The  shaft  is  heated  to  redness,  and  the  center  roller  is  i 
at  the  moment  of  its  introduction,  and  then  a  few  turns  are  given  to  the  whole  ; 
this  straightens  the  shaft,  and  retains  it  so  until  partially  cooled  ;  the  other  end  of 

the  shaft,  should  it  exceed  the  length  of  the  rollers,  is  then  heated,  and  treated  in 
the  same  manner. 

All  these  modes  aro  highly  useful,  as  they  operate  upon  the  materials  without 
partially  condensing  any  point,  from  which  unequal  treatment  a  loss  of  figure 
would  be  almost  certain  to  occur,  when  any  such  condensed  point  is  partially 

removed  by  the  turning-tool  or  otherwise ;  as  it  appears  to  be  quite  impossible  to 
prevent  all  sorts  of  perplexities,  when,  by  any  mode  of  operation,  the  one  point 
of  a  material  receives  a  different  treatment  from  the  remainder. 
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in  their  const niction,  as  for  every  size  there  roust  be  a 
many  holes  gradually  assuming  the  form  of  a  circular 

c  window,  with  six,  seven,  eight  or  more  foils. 
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Some  of  the  printed  calicoes  and  muslins  arc  also  curious 

examples  of  the  wire-drawing  process;  the  pattern  fig.  SO.^eon- 
of  no  less  than  205  different  pieces  of  copper  wire  of  various 

forms,  fixed  into  a  wood  block  ;  the  surfaces  of  the  wires  when 

filed  smooth,  are  printed  from  after  the  manner  of  printers'  types; 
the  few  detached  pieces,  fig.  296,  show  some  of  the  sections  of 
such  wires,  and  which  may  be  combined  in  endless  variety.  In 
the  same  manner  the  specimen  of  music  fig.  297,  is  printed  from 
the  surfaces  of  detached  wires  and  slips  of  copper  fixed  in  a 

wooden  block ;  this  is  only  one  amongst  the  many  ingenious 

•esses  for  printing  music  by  letter-press  or  surface  printing. 

Up.  ft*  .'.'.•.  301. 

29S  represents  the  double-plates  or  swage-bits  used  for 
•mae  of  the  pieces  in  figs.  295  and  297  ;  the  dies  are  fitted  into 
n  small  frame  or  r/v/////y  with  a  side  screw,  (much  the  same  as  dies 

for  cutting  screws,)  so  that  the  metal  may  be  gradually  reduced 

by  one  pair  of  swage-bits.  This  method  is  very  much  cmpl< 
by  the  silversmith  and  goldsmith  for  mouldings,  the  tools  being 
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much  cheaper  than  rollers :  the  piece  299  was  thus  prepared  for 
the  edging  of  silver  and  gold  boxes ;  it  is  bent  round  to  the  form 
of  the  box  or  cover,  whether  square,  circular  or  oval,  and  the 

rebate  on  the  straight  side  of  the  band  serves  for  receiving  the 

flat  plate  to  constitute  the  cover.* 
The  window  lead,  shown  in  section  in  fig.  300,  does  not  admit 

of  being  drawn  in  the  ordinary  manner,  from  the  softness  of  the 
material,  nor  of  being  rolled,  because  of  its  undercut  section; 

the  two  principles  are,  therefore,  curiously  combined  in  the 

glazier's  vice.  It  may  be  conceived  that  the  shade  lines  of  301, 
represent  parts  of  two  narrow  rollers  with  roughened  edges, 
(equal  in  thickness  to  the  glass,)  which  indent  the  bottom  of  the 

groove,  and  thereby  carry  the  lead  between  the  figured  side- 
pieces  s  s,  one  only  shown.  In  some  cases  cutting  is  combined 

with  drawing,  cutters  are  then  fixed  to  the  draw-plate,  this 
method  has  been  adapted  to  making  rules  and  similar  rods ; 
and  in  perfecting  the  flattened  wire  for  the  reeds  used  in  looms, 

the  edges  are  rounded  by  reeling  the  wire  beneath  a  forked  cutter, 
a  process  intermediate  between  turning  and  planing. 

The  process  of  wire-drawing  is  seldom  practised  by  the  general 
mechanician,  and  still  less  by  the  amateur;  but  when  it  is 
necessary  to  produce  a  wire  either  of  some  unusual  section  not 

prepared  by  the  manufacturer,  or  that  the  equality  of  size 

requires  more  than  usual  exactness,  the  process  may  be  accom- 

plished in  the  small  wajr,  by  fixing  the  draw-plate  in  the  tail- 
vice  and  drawing  the  wire  through  with  the  pliers  or  a  hand 
vice,  or  by  a  reel  moved  by  a  winch  handle. 

*  The  most  perfect  example  of  this  application  of  the  drawing  process  is  in  the 
British  Mu^t :  two  fixed  rollers  are  employed  after  the  manner  of  a  dra->v-j>late, 
and  the  long  strip  of  gold  or  silver,  when  rolled  very  nearly  to  the  thickness,  is 
drawn  through  the  stationary  rollers,  by  dogs  attached  to  one  of  the  links  of  an 
endless  chain  which  is  in  continual  motion  from  the  steam-engine.  It  was  found 
barely  possible  to  make  the  surfaces  of  revolving  rollers  so  Lvnly  concentric  that  the 
equality  of  thickness  in  the  metal  could  be  obtained  with  the  rigorous  exactness 
required,  so  as  to  dispense  entirely  with  the  necessity  of  scraping  every  piece 
individually,  a  mode  still  practised  in  some  of  the  Continental  mints. 

The  metal,  when  drawn,  is  tested  by  punching  out  one  blank  at  each  end  ;  these 
are  carefully  weighed,  and  if  found  correct,  the  whole  strip  is  punched  into  blank* ; 
and  such  is  the  accuracy  of  the  drawing  and  punching  processes,  that  without  the 
smallest  after-adjustment,  any  fifty  or  one-hundred  blanks  weigh  alike  to  the 
fraction  of  a  grain.  See  further,  page  938,  vol.  ii.  This  beautiful  arrangement 
was  invented  by  the  late  Sir  John  Barton,  then  Comptroller  of  H.  M's.  Mint. 
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SECT.    II. —  iniAUIV  TUBB8. 

Tin:  perfection  of  tubes  is  mainly  dependent  on  the  drawing 
process,  couduru  .1  in  a  manner  similar  to  that  employed  for 
drawing  wire.  Many  of  the  brass  tubes  for  common  purposes, 
when  they  have  been  bent  up  and  soldered  edge  to  edge,  as  in 

fig.  217,  page  393,  are  only  drawn  through  a  hole  which  makes 
them  tolerably  round  and  smooth  externally,  but  leaves  the 
interior  of  the  tubes  in  the  condition  in  which  they  left  the  fire 

after  they  were  soldered,  and  nearly  as  soft  as  at  first. 

O 

The  sliding  tubes  for  telescopes,  and  many  similar  works,  are 

"  drawn  inside  and  out"  and  rendered  very  hard  and  elastic,  by 
the  method  represented  in  fig.  302 ;  the  form  of  the  plate  b, 
being  exaggerated  to  explain  the  shape.  For  example,  the  tube 
when  soldered  is  forced  upon  an  accurate  steel  cylinder  or 
triblet,  in  doing  which  it  is  rounded  tolerably  to  the  form  with 
a  wooden  mallet,  so  as  to  touch  the  mandrel  in  places ;  the  end 
is  set  down  with  the  hammer  around  the  shoulder  or  reduction 

of  the  triblet,  and  on  drawing  the  tube  and  triblet,  by  means  of 

or  transverse  piece  a,  through  the  draw-plate  b,  the 
tube  becomes  elongated,  and  contracted  close  upon  the  triblet  at 

iury  part,  as  the  metal  is  squeezed  between  the  mandrel  and 

plate.  The  fluted  tubes  for  pencil-cases,  such  as  c,  are  drawn 
in  this  manner  through  ornamental  plates,  the  triblets  being  in 

general  cylindrical.  Some  of  the  drawn  tube  called  joint-wire, 
uch  smaller  than  d,  and  is  used  by  silversmiths,  for  hinges 

and  joints.  It  is  drawn  upon  a  piece  of  steel  wire,  which  being 
too  small  to  admit  the  shoulder  for  holding  on  the  tube,  the 
latter  is  tapered  off  with  a  file,  and  the  tube  and  win:  are 

grasped  together  within  the  dogs,  and  drawn  like  a  piece  of 

solid  wire.  A  "emicireular  channel  is  filed  halfway  in  both  the 
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parts  to  be  hinged,  and  short  pieces  of  the  joint-wire  are  soldered 
in  each  alternately. 

Triangular,  square,  and  rectangular  brass  tubes,  are  in 
common  use  in  France  for  sliding  rules  and  measures ;  these  are 

made  in  draw-plates  with  moveable  dies,  fig.  303,  which  admit  of 
adjustment  for  size :  the  dies  are  rounded  on  their  inner  edges, 
and  are  contained  in  a  square  frame  with  adjusting  screws,  and 
the  whole  lies  against  a  solid  perforated  plate. 

In  the  general  way,  tubes  of  small  diameters  are  completed  at 
two  draughts,  sometimes  three  are  used,  and  by  this  time  the 
tube  has  received  its  maximum  amount  of  hardness ;  therefore 

the  first  thickness  of  the  metal  and  the  diameter  of  the  plates 

require  a  nice  adjustment.  The  tube,  when  finished,  is  drawn 
off  the  triblet  by  putting  the  key  through  the  opposite  extremity 
of  the  same,  and  drawing  the  triblet  through  a  brass  collar, 
which  exactly  fits  it ;  this  thrusts  off  the  tube,  which  will  in 
general  be  almost  perfectly  cylindrical  and  straight,  except  a 
trifling  waste  at  each  end. 

It  requires  a  very  considerable  assortment  of  truly  cylindrical 
triblets  to  suit  all  works  :  and  when  the  tubes  are  used  in  pairs, 
or  to  slide  within  one  another  as  in  telescopes,  it  calls  for  a  nice 

correspondence  or  strict  equality  of  size,  between  the  aperture 

of  the  last  draw-plate,  and  the  diameter  of  the  triblet  for  the 
size  next  larger;  and  as  these  holes  are  continually  wearing,  it 
requires  good  management  to  keep  the  succession  in  due  order, 

by  making  new  plates  for  the  last  draught  and  adapting  the  old 
ones  to  the  prior  stages.  Sometimes,  for  an  occasional  purpose, 
the  triblet  is  enlarged  by  leaving  a  tube  upon  it  and  drawing 
the  work  thereupon ;  but  this  is  not  so  well  as  the  turned  and 
ground  surface  of  the  steel  triblet. 

Tubes  from  -^  inch  internal  diameter,  and  8  or  10  inches 
long,  up  to  those  of  2  or  3  inches  diameter,  and  4  or  5  feet  long, 
are  drawn  vertically  by  means  of  a  strong  chain  wound  on  a 

barrel  by  wheels  and  pinions  as  in  a  crane.  In  Messrs.  Donkin's 
enormous  tube-drawing  machine,  which  is  applicable  to  making 

tubes,  or  rather  cylinders,  for  paper-making  and  other  machinery, 
as  large  as  26$  inches  diameter  and  6£  feet  long,  a  vertical  screw 

is  used,  the  nut  of  which  is  turned  round  by  toothed  wheels 
driven  by  six  men  at  a  windlass. 

All  the  tubes  previously  referred  to  are  made  of  sheet-metals 
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turueil  up  and  soldered  edge  to  edge,  but  lead  and  tin  pipes  for 

water,  and  other  fluid*,  ha\e  tor  a  long  period  been  cast  as  thick 
tubes,  some  20  to  30  inches  long,  and  extended  to  the  length  of 

Li  or  1")  tVit  on  tri!)U-t>,  \ihieh  require  to  be  very  exactly 
cylindrical  or  they  cannot  be  withdrawn  from  the  pipes.* 

brass  tubes  for  the  boilers  of  locomotive  engines  arc  now 
.similarly  made  by  casting  and  drawing  without  being  soldered, 
and  some  of  these  are  drawn  taper  in  their  thickness  as  described 

in  Note  AD,  page  97G  of  the  Appendix  to  Vol.  II. 
ductility  of  tin  is  very  great;  it  was  from  the  ordinary  tin 

tube  of  commerce,  (which  is  cast  about  2  feet  long,  £  inch  thick, 
and  drawn  out  to  about  10  feet,)  that  Mr.  Rand  prepared  hii 

patent  collapsible  vessels  for  artists'  oils  and  colours.  Pieces 
3  inches  long  were  extended  to  3G  inches  by  drawing  them 

through  ten  draw-plates,  which  are  sometimes  placed  in  immediate 
succession,  the  one  to  commence  just  as  the  other  had  finished. 
The  tube  seemed  to  grow  uudcr  the  operation,  and  it  was  thus 
reduced  without  annealing,  from  half  an  inch  thick  as  cast,  to 

the  170th  of  an  inch  thick,  and  it  was  stretched  fully  sixty  times 
in  length.  This  mode  of  making  the  tubes  of  patent  collapsible 

vessels  has  been  superseded  by  another,  presenting  far  greater 
ingenuity  and  described  in  the  Note  AE/  page  977  of  the 

Appendix  to  Vol.  II. 
Some  of  the  smallest  tin  tube  of  commerce,  when  removed 

from  the  ten-foot  triblets,  is  drawn  through  smaller  plates  with- 
out any  triblet  being  used ;  this  reduces  the  diameter  with  little 

change  of  thickness,  so  that  the  half-inch  tube  becomes  a  nearly 
solid  wire,  measuring  about  ̂   inch  diameter  externally,  which  is 
known  as  beading,  and  used  to  form  the  raised  ledges  around 
tables  and  counters  covered  with  pewter.f 

*  Various  patent*  have  been  taken  out  by  Burr,  Hague,  QetUen,  tiuusou,  and 
others,  for  making  lead  pipes  without  the  necessity  of  drawing. — See  London  Journal 

:  is  and  Sciences.  In  Hanson's  patent  (1837,  V  '  XVI.,  p.  341)  the  melted 
lead  is  poured  into  a  rertioal  cylinder,  "and  as  soon  as  this  metal  is  Ml,  or  becomes 

hard  or  solid,  and  before  it  becomes  cold,"  the  lead  is  forced  downwards  by  hydro- 
static pressure,  through  a  short  tube  or  mould,  with  a  central  triblet  kept  in  position 

by  four  arm*  or  thin  fins,  and  the  metal  becomes  a  continuous  pipe,  as  the  four 
sections  are  effectually  united  by  the  great  heat  and  the  pressure  employed. 

t  Before  quitting  the  subject  of  tubes  and  wires,  I  will  refer  to  an  ingenious 

instrument  connected  with  them ;  a  pair  of  proportional  compasses,  the  anna  of 
which  are  as  1  to  3f ,  so  that  the  diameter  of  the  tube  being  measured  by  the  shorter 

arms,  the  longer  denote  the  width  of  the  strip  of  metal  required  to  produce  it. 
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CHAPTER  XXI. 

SOLDERING. 

SECT.   I. — GENERAL    REMARKS,    AND    TABULAR    VIEW. 

SOLDERING  is  the  process  of  uniting  the  edges  or  surfaces  of 
similar  or  dissimilar  metals  and  alloys  by  partial  fusion.  In 

general,  alloys  or  solders  of  various  and  greater  degrees  of  fusi- 
bility than  the  metals  to  be  joined,  are  placed  between  them,  and 

the  solder  when  fused  unites  the  three  parts  into  a  solid  mass ; 

less  frequently  the  surfaces  or  edges  are  simply  melted  together 
with  an  additional  portion  of  the  same  metal. 

The  chemical  circumstances  to  be  considered  in  respect  to 
soldering,  are  for  the  most  part  set  forth  in  the  section  on  the 

fusibility  of  alloys,  page  300  to  304,  to  which  the  reader  is 

referred.  It  is  there  explained,  that  the  solders  must  be  neces- 
sarily somewhat  more  fusible  than  the  metals  to  be  united ;  and 

that  it  is  of  primary  importance,  that  the  metallic  oxides  and 

any  foreign  matters  be  carefully  removed,  for  which  purpose  the 
edges  of  the  metals  are  made  chemically  clean,  or  quite  bright, 
before  the  application  of  the  solders  and  heat ;  and  as  during  this 
period  their  affinity  for  oxygen  is  violent,  they  are  covered  with 
some  flux  which  defends  them  from  the  air,  as  with  a  varnish, 

and  tends  to  reduce  any  portion  of  oxide  accidentally  existing. 

The  solders  are  broadly  distinguished  as  hard-solders,  and  soft- 

solders  ;  the  former  only  fuse  at  the  red  heat,  and  are  conse- 
quently suitable  alone  to  metals  and  alloys  which  will  endure 

that  temperature ;  the  soft-solders  melt  at  very  low  degrees  of 
heat,  and  may  be  used  for  nearly  all  the  rattals. 

The  attachment  is  in  every  case  the  stronger,  the  more  nearly 

the  metals  and  solders  respectively  agree  in  hardness  and  malle- 
ability. Thus  if  two  pieces  of  brass  or  copper,  or  one  of  each, 

are  brazed  together,  or  united  with  spelter-solder,  an  alloy 
nearly  as  tough  as  the  brass,  the  work  may  be  hammered,  bent 
and  rolled,  almost  as  freely  as  the  same  metals  when  not  soldered, 

because  of  the  nearly  equal  cohesive  strength  of  the  three  parts. 
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Lead,  tin,  or  pewter,  unit  nl  with  soft  solder,  arc  also  malleable, 
from  the  near  agreement  of  these  substances,  whereas  when 

copper,  brass  and  iron  arc  soft-soldered,  a  blow  of  the  li;muncr 
or  any  accidental  viol  Almost  certain  to  break  the  joint 
asunder,  so  long  as  the  joint  is  weaker  than  the  metal  generally; 

and  therefore  the  joint  is  only  safe  when  the  surrounding  metal 
from  its  thinness  is  no  stronger  than  the  solder,  so  that  the  two 

may  yield  in  common  to  any  disturbing  cause. 

The  forms  of  soldered  joint.-  in  the  thin  metals  have  been 
red  and  explained  in  pages  391  to  391;  and  soldered  joints 

in  thicker  works  resemble  the  several  attachments  employed  in 

construction  generally.  "When  the  spaces  between  the  works  to 
be  joined  are  wide  and  coarse,  the  fluid  solder  will  probably  fall 
out,  simply  from  the  effect  of  gravity ;  but  when  the  crevices  are 
fine  and  close,  the  solder  will  be  as  it  were  sucked  up  by  capillary 
attraction.  All  soldered  works  should  be  kept  under  motionless 
restraint  for  a  period,  as  any  movement  of  the  parts  during  the 
transition  of  the  solder  from  the  fluid  to  the  solid  state,  disturbs 

its  crystallization  and  the  strict  unity  of  the  several  parts. 

In  hard-soldering,  it  is  frequently  necessary  to  bind  the  works 
together  in  their  respective  positions ;  this  is  done  with  soft  iron 

binding-wire,  which  for  delicate  jewelry  work  is  exceedingly  fine, 
and  for  stronger  works  is  the  twentieth  or  thirtieth  of  an  inch  in 

diameter ;  it  is  passed  around  the  work  in  loops,  the  ends  of 
which  are  twisted  together  with  the  pliers.  The  Asiatics  seldom 

use  binding- wire,  see  note  AF,  Appendix.  Vol.  II.,  page  977. 
In  soft-soldering,  the  binding-wire  is  scarcely  ever  used,  as 

from  the  moder.ite  aud  local  application  of  the  heat,  the  hands 
may  in  general  be  freely  used  in  retaining  most  thin  works  in 

position  during  the  process.     Thick  works  are  handled  with 

pliers  or  tongs  whilst  being  soft-soldered,  and  they  are  often 

•  ed  much  like  glue  joints,  if  we  conceive  the  wood  to  be 
replaced  by  metal,  and  the  glue  by  solder,  (see  page  57,)  as  the 

surfaces  are  frequently  coated  or  tinned  whilst  separated, 

and  then  rubbed  together  to  distribute  and  exclude  the  greater 
part  of  the  solder. 

The  succeeding  "Tabular  View  of  the  Processes  of  Soldering" 
may  be  considered  as  the  index  to  the  entire  chapter ;  which 
refers  to  the  ordinary  methods  of  soldering  most  metals.  The 
chapter  is  arranged  under  three  divisions,  illustrated  in  distinct 

sections,  preceded  by  one  section  on  the  modes  of  applying  heat. 
VOL.  i.  »  r 
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TABULAR  VIEW 

OF  THE  PROCESSES  OF  SOLDERING. 

ffote. — To  avoid  continual  repetition,  references  are  made  to  the  pages  of  this  volume  which 

illustrate  the  respective  subjects,  and  also  to  the  lists  on  the  opposite  page,  in  -which  some 
of  the  solders,  fluxes,  and  modes  of  applying  heat  are  enumerated. 

HARD  SOLDERING.    441. 

Applicable  to  nearly  all  metals  less  fusible  tiian  the  solders;  the  modes  of  treatment 
iicarli/  similar  throughout. 

The  hard  solders  most  commonly  used  are  the  spelter  solders,  and  silver  solders. 

Tlie  general  flux  is  borax  marked  A,  on  next  page;  and  tlie  modes  of  heating  arc  the 
naked  fire,  the  furnace  or  muffle,  and  the  blowpipe,  marked  a,  b,  g. 

Note. — The  examples  commence  -with  the  solders,  (the  least  fusible  first,)  followed  by  the  metals 
for  which  they  are  commonly  employed. 

Fine  Gold,  laminated  and  cut  into  shreds,  is  used  as  the  solder  for  joining 
chemical  vessels  made  of  platinum. 

Silver  is  by  many  considered  as  much  the  best  solder  for  German  silver. 
Copper  in  shreds,  is  sometimes  similarly  xised  for  iron. 

Gold  solders  laminated,  are  used  for  gold  alloys.    See  275-6  and  444. 
Spelter  solders  granulated  whilst  hot,  are  used  for  iron,  copper,  brass,  gun-metal, 

German  silver,  &c.,  268,  441-3. 
Silver  solders  laminated,  are  employed  for  all  silver  works  and  for  common  gold 

work,  also  for  German  silver,  gilding  metal,  ron,  steel,  brass,  gun-metal,  &c.,  when 
greater  neatness  is  required  than  is  obtained  with  spelter  solder.  283  and  443. 

White  or  button  solders  granulated,  are  employed  for  the  white  alloys  called 
button  metals ;  they  were  introduced  as  cheap  substitutes  for  silver  solder.  272-3. 

SOFT-SOLDERING.    444. 

Applicable  to  nearly  all  the  metals;  the  modes  of  treatment  very  dijj'- 
The  soft-solder  mostly  used,  is  2  parts  tin  and  1  part  lead  ;  sometimes  from  in- 

of  economy  much  more  lead  is  employed,  and  1£  tin  to  1  lead  is  the  most  fusible  of  the 
group  unless  bismuth  is  used.    The  fluxes  B  to  G,  and  tlie  modes  of  heating  a  to  i, 
are  all  used  with  the  soft  solders. 

Note. — Tlie  examples  commence  with  the  metals  to  be  soldered.  Thus  In  the  list  Zinc,  8,  C,/, 
implies,  that  zinc  is  soldered  with  No.  8  alloy,  by  the  aid  of  the  muriate  or  chloride  of 
zinc,  and  the  copper  bit.  Lead,  4  to  8,  F,  d,  e,  implies  that  lead  is  soldered  with  alloys 
varying  from  No.  4  to  8,  and  that  it  is  fluxed  with  tallow,  the  heat  being  applied  by 
pouring  on  melted  solder,  and  the  subsequent  use  of  the  heated  iron  not  tinned  ;  but  in 
general  one  only  of  the  modes  of  heating  is  selected,  according  to  circumstances. 

Iron,  cast-iron,  and  steel,  8,  B,  D,  if  thick  heated  by  a,  b,  or  c,  and  also  by  g. 
447  and  448. 

Tinned  iron,  8,  C,  D,/.     440. 
Silver  and  Gold  we  soldered  with  pure  tin  or  else  with  8,  E,  a,  g,  or  h. 
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SOFT-SOLDERING—  Continued. 

r  ftnd  many  of  it*  alloy*,  namely,  brass,  gilding  motel,  gun-metal,  Ac. 
C,  D ;  when  thick  heated  by  a,  b,  e,  e,  or  g,  and  when  thin  by  /,  or  g.    44  7-0. 

Speculum  metal,  8,  B,  C,  D,  the  heat  should  be  moat  cautiously  applied,  tho 

sand-bath  ia  perhaps  the  beat  mode. 
,  8,C,/.     417. 

Lead  and  lead  pipes,  or  ordinary  plumbers'  work,  4  to  8,  F,  rf,  or  «.    445. 
Lead  and  tin  pipes,  8,  D  A  G  mixed,  g,  and  also/.    449. 

•    Britannia  metal,  8,  C,  D,  g. 
Pewters,  the  solders  must  vary  in  fusibility  according  to  tho  fusibility  of  tho  metal, 

generally  O,  and  i,  are  used,  sometimes  also  O  and  y,  or/.    440-50. 
Tinning  the  metals,  and  washing  them  with  lead,  zinc,  Ac.    450-1. 

SOLDERING  PEU  SK,  OR  BURNING  TOGETHER.    452. 

Applicable  to  tome  few  of  t/te  metalt  only,  and  irAieA  in  general  require  nojtux. 

Iron  and  brass,  Ac.,  are  sometimes  burned,  or  united  by  partial  fusion,  by  pouring 
very  hot  metal  over  or  around  thorn,  </.  452-4. 

Lead  is  united  without  solder,  by  pouring  on  red-hot  lead,  and  employing  a  red- 
hot  iron,  </,  e,  452,  and  also  by  the  autogenous  process,  pages  454-6. 

ALLOT*  AXD  THBIB  MKI.TI.XO  Ilium* Puma, 
Tin,  25  Lead        .             558  Kahr. A.    Borax.    442. 
—    10    —     .        .         Ml    - 

3.        —      5    —          .             511    — 
B.    Sal-ammoniac,  or  mur.  of  ammonia.   446-7. 

4.        -      3    —     .        .        4*1   — a     Muriate,  or  chloride  of  *lne.    440-7. 

5.        —      3    —         .            441    — D.    Common  reain. 
6.        -      1    —     .        .        370    — E.    Venice  Turpentine. 
7.    J  —      1    —          .            S34   — 
8.        —      1     —      .        .         340   — 

P.    Tallow.    445. 

9.        —      1     —          .             358    — O.   OallipoU  oil,  a  common  sweet  oil.    450. 
10.        —      1     —     .        .         965    — 
11.        —      1     —          .             378   — 

MOOES  or  APPLYING  HKAT. 

11.        —      1     —     .        .         381    — a.     Naked  fire.    436-7. 
13.      Lead,  4Tln,  1  BUmnth    320   — 6.     Hollow  furnace  or  muffle.    437. 
14.       —      S    —  1     —          310   — r.     Immersion  in  melted  solder.    447-8. 
15.       —      2    —  1     —          192    — 
16.        —      1    -  1      —           154    — d.    Melted  solder  or  metal  poured  on.  445-452. 
17.        -      1    -  S     -          336  - r.     Heated  iron  not  tinned.    445. 
18.        —      9    —  3     —          SW   — 

/.    Heated  copper  tool,  tinned.    445-455. 
AoC*.—  By  the  addition  of  3  part*  of  mercury 

to  No.  IS  it  melts  mt  123°  P.,  and  may 
be  used  for  anatomical  injection*,  and 

g.     Blowpipe  flame.    437  to  441,  443,  449,  454. 
A.    Flame  alone,  generally  alcohol 

for  stopping  teetb. i.     Stream  of  heated  air.    440. 

•  The  table  by  H.  Girt/nnic*  ra  CLAVBKT,  from  which  the  present  extract  is  derived, 
enumerates  101  different  alloys  intended  to  be  wed  for  the  safety-plugs  of  steam  boilers,  in  order 
that  the  fusion  of  the  ping,  sad  the  consequent  escape  of  the  water,  may  occur  when  the  steam 
exceeds  say  predetermined  pussur  e,  dependent  on  thermometrle  temperature.  See  L»  DhMmmmin 
it  rinduttrit  Ma*u/act*ritr*  Commereialt  H  Ayricolt ;  far  A.  Ba*4rimoxt,  DfaafWWAW  ft 
swfm.  Parts,  1833.  VoL  I.  p.  32«. 

The  18  proportions  here  given  include  the  extremes  of  the  original,  and  beiag  arranged  so  that 
the  tin  enmmenefe  at  the  minimum  and  cads  at  the  maximum,  the  temperature*  form  two 

reversed  series,  No.  7  being  the  lowest  unless  bismuth  is  present.  No.  5  is  the  "  Plumbm?  AaW 
SeUfr,"  which  Is  assayed  after  the  manner  of  pewter,  (see  p.  184.)  sad  is  then  stamped  by  sa 
officer  of  the  Plumbers' Company.  The  table,  appears  to  be  particularly  useful  as  regards  the  pewter 
alloys  sad  their  appropriate  solders;  but  it  should  be  observed  that  the  temperatures,  where 

r  than  those  given  by  English  authorities. 
r  r2 
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SECT.    II. — THE    MODES    OF    APPLYING    HEAT    IN    SOLDERING. 

THE  modes  of  heating  works  for  soldering  are  extremely  varied, 

and  depend  jointly  upon  the  magnitude  of  the  objects,  the 
general  or  local  manner  in  which  they  are  to  be  soldered,  and 

the  fusibility  of  the  solders.  It  appears  to  be  now  desirable  to 
advert  to  such  of  the  modes  of  applying  heat  enumerated  in  the 
tabular  view,  as  are  of  more  general  application,  leaving  the 

modes  specifically  employed  in  heating  works  to  their  respective 
sections. 

In  hard- soldered  works,  the. fires  bear  a  general  resemblance 
to  those  employed  in  forging  iron  and  steel,  and  already 

described  ;*  in  fact,  the  blacksmith's  forge  is  frequently  used  for 
brazing,  although  the  process  is  injurious  to  the  fuel  as  regards 
its  ordinary  use.  Coppersmiths,  silversmiths,  and  others,  use  a 
similar  hearth,  but  which  stands  further  away  from  the  upright 
wall,  so  as  to  allow  of  the  central  parts  of  large  objects  being 
soldered ;  the  bellows  are  always  worked  by  the  foot,  either  by  a 

treadle,  as  in  fig.  90,  p.  203,  or  more  commonly  by  a  chain  from 

the  rocking-staff  terminating  in  a  stirrup. 

The  brazier's  hearth  for  large  and  long  works,  is  a  flat  plate  of 
iron,  about  four  feet  by  three,  which  stands  in  the  middle  of  the 
shop  upon  four  legs :  the  surface  of  the  plate,  serves  for  the 
support  of  long  tubes  and  works  over  the  central  aperture  in  the 
plate  which  contains  the  fuel,  and  measures  about  two  feet  by  one, 
and  five  or  six  inches  deep.  The  revolving  fan  is  commonly  used 
for  the  blast,  and  the  tuyere  irons,  which  have  larger  apertures 
than  usual,  are  fitted  loosely  into  grooves  at  the  ends,  to  admit 

of  easy  renewal,  as  they  are  destroyed  rather  quickly.  The  fire 
is  sometimes  used  of  the  full  length  of  the  hearth,  but  is  more 

generally  contracted  by  a  loose  iron  plate ;  occasionally  two 
separate  fires  are  made,  or  the  two  blast  pipes  are  used  upon  one. 

The  hood  is  suspended  from  the  ceiling,  with  counterpoise 

weights,  so  as  to  be  raised  or  depressed  according  to  the  magni- 
tude of  the  works  :  and  it  has  large  sliding  tubes  for  conducting 

the  smoke  to  the  chimney. 
Furnaces  are  occasionally  used  in  soldering,  or  the  common 

*  Some  parts  of  the  remarks  on  foj-ging  iron  and  steel,  p.  195  to  205,  and  also 
of  those  on  hardening  and  tempering  steel,  240  and  246,  refer  to  similar  applica- 

tions of  heat  to  those  required  in  soldering. 
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lire  is  temporarily  roi:  :ito  the  condition  of  a  furnace  from 

beini;  built  hollow,  or  by  the  insertion  of  iron  tubes  or  muffles, 
amidst  the  ignited  fuel,  as  already  explained  in  reference  to 

ii\Z  and  hardening.  For  want  of  any  of  these  means,  the 
amateur  may  use  the  ordinary  grate,  or  it  is  better  to  employ  a 

brazier  or  chafing-dish  containing  charcoal,  and  urged  with 

hand-bellows  blown  by  an  assistant,  as  then  both  hands  arc  at 
liberty  to  manage  the  work  and  fuel. 

Fresh  coals  are  highly  improper  for  soldering,  on  account  of 

the  sulphur  they  always  contain;  the  best  fuel  is  charcoal,  but  in 

general  coke  or  cinders  are  used.  Lead  is  equally  as  prejudicial 
to  the  lire  in  soldering,  as  it  is  in  welding  iron  and  steel,  or  in 

forging  gold,  silver,  or  copper;  as  the  lead  readily  oxidizes  and 
attaches  itself  to  the  metals  that  are  being  soldered  or  welded, 
preventing  the  union  of  the  parts,  and  in  almost  all  cases 
rendering  the  metals  brittle  and  unserviceable. 

There  are  many  purposes  in  the  arts  which  require  the  appli- 
cation of  heat  having  the  intensity  of  the  forge  fire  or  of  the 

furnace,  but  with  the  power  of  observation,  guidance,  and  defini- 

tion of  the  artist's  pencil.  These  conditions  are  most  efficiently 
obtained  by  the  blowpipe,  an  instrument  by  which  a  stream  of  air 
is  driven  forcibly  through  a  flame,  so  as  to  direct  it  either  as  a 

well-defined  cone,  or  as  a  broad  jet  of  flame,  against  the  object 
to  be  heated,  which  is  in  many  cases  supported  upon  charcoal, 
by  way  of  concentrating  the  heat. 

The  blowpipe  is  largely  used — namely,  in  soldering,  in 
hardening  and  tempering  small  tools,  in  glass  blowing  for  philo- 

sophical instruments  and  toys,  in  glass  pinching  with  metal 
moulds  made  like  pliers,  in  enamelling,  and  by  the  chemist  and 
mineralogist,  as  an  important  means  of  analysis  :  the  instrument 

consequently  received  very  great  attention  both  from  artizans 
and  distinguished  philosophers. 

Most  of  the  blowpipes  are  supplied  with  common  air,  and 

generally  by  the  respiratory  organs  of  the  operator ;  sometimes 
by  bellows  moved  with  the  foot,  by  vessels  in  which  the  air  is 

condensed  by  a  syringe,  or  by  pneumatic  apparatus  \\  it h  v. 

^ure.*     In  some  few  cases  oxygen  or  hydrogen,  or  the  same 
gases  when  mixed,  arc  employed  ;  they  arc  little  used  in  the  arts. 

•  Tilley's  Blowpipe.     Trans.  Soc.  of  Arta,  voL  31,  p.  106 ;  and  Toft's  Blow- 
'  pipe.    -Sec  al*o  Griffin  on  the  Blowpipe. 
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The  ordinary  blowpipe  is  a  light  conical  brass  tube,  about  10 

or  1 2  inches  long,  from  one-half  to  one-fourth  of  an  inch  diameter 
at  the  end  for  the  mouth,  and  from  one-sixteenth  to  one-fiftieth 
at  the  aperture  or  jet ;  the  end  is  bent  as  a  quadrant,  that  the 
flame  may  be  immediately  under  observation. 

Pig.  304,  represents  the  same  instrument  when  fitted  with  a 
ball  for  collecting  the  condensed  vapour  from  the  lungs ;  it  is 

seen  by  the  enlarged  section,  fig.  305,  that  the  tube  is  discon- 
tinuous, and  any  moisture  within  it,  proceeding  in  the  direction 

of  the  arrow,  is  arrested  in  the  ball.  There  are  several  other 

blowpipes  for  the  mouth,  with  various  contrivances,*  such  as 
series  of  apertures  of  different  diameters,  joints  for  portability, 
and  fer  placing  the  jet  at  different  angles,  and  projecting  parts 
to  support  the  instrument  upon  the  table,  but  none  of  these  are 
in  common  use. 

The  lungs  may  be  used  for  the  blowpipe  with  much  more  effect 
than  might  be  expected,  and  with  a  little  practice  a  constant 

stream  may  be  maintained  for  many  minutes,  if  the  cheeks  are 
kept  fully  distended  with  wind,  so  that  their  elasticity  alone  shall 
serve  to  impel  a  part  of  the  air,  whilst  the  ordinary  breathing  is 
carried  on  through  the  nostrils  for  a  fresh  supply. 

The  most  intense  heat  of  the  common  blowpipe  is  that  of  the 

pointed  flame ;  with  a  thick  wax  candle,  and  a  blowpipe  with  a 

small  aperture  placed  slightly  within  the  flame,  the  mineralogist 

succeeds  in  melting  small  fragments  of  all  the  metals,  when  they 
are  supported  upon  charcoal,  and  exposed  to  the  extreme  point 
of  the  inner  or  blue  cone,  which  is  the  hottest  part  of  the  flame; 

that  is,  fragments  of  all  metals  which  do  not  require  the  oxy- 
hydrogen  blowpipe. 

Larger  particles,  requiring  less  heat,  arc  brought  somewhat 
nearer  to  the  candle,  so  as  to  receive  a  greater  portion  of  the 

flame  ;  and  when  a  very  mild  degree  of  heat  is  needed,  the  object 
is  removed  further  away,  sometimes  as  in  melting  the  fluxes 

preparatory  to  soldering,  even  to  the  stream  of  hot  air  beyond 
the  point  of  the  external  yellowish  flame. 

The  first  or  the  silent  pointed  flame,  is  used  by  the  chemist 
and  mineralogist  for  reducing  the  metallic  oxides  to  the  metallic 
state,  and  is  called  the  deoxidizing  flame ;  the  second,  or  the 

*  The  inventions  of  Bergman,  Black,  Gahn,  Macgellau,  Pepys,  Tounant, 
Wollaaton,  &c. 



noisy  brush-like  flame,  is  less  intense,  and  is  called  t : 
flame. 

The  artizan  employs  in  soldering  a  much  larger  flame  than  the 

chemist,  namely  that  of  a  lamp  tin-  wick  of  which  is  from  a  quarter 
to  one  inch  diameter,  this  must  be  plentifully  supplied  with  oil ; 

the  blowpipe  in  such  cases  is  selected  \\  it  h  a  larger  aperture ;  it  is 
blown  vigorously,  and  held  a  little  distant  from  the  flame,  so  as 

to  spread  it  in  a  broad  stream  of  light,  extending  over  a  large 
surface  of  the  work,  which  is  in  most  cases  supported  upon 

charcoal.  "When  any  minute  portion  alone  is  to  be  heated,  the 
pointed  flame  is  used  with  :i  milder  blast  of  air  and  a  decreased 
distii: 

Fig.  304.  800.  307. 

          ̂ T 

Fig.  306  is  an  arrangement,  the  use  of  which  is  attended  with 

no  fatigue  to  the  operator ;  it  is  much  employed  by  the  cheap 
jewelry  manufacturers  at  Birmingham.  A  stream  of  air 
from  a  pair  of  bellows  directs  a  gas  flame  through  a  trough  or 
shoot,  the  third  of  a  cylindrical  tube  placed  at  a  small  angle 

below  the  flame.  Instead  of  a  charcoal  support,  they  employ  a 

wooden  handle,  upon  which  is  fixed  a  flat  disk  of  sheet-iron, 
about  three  or  four  inches  diameter,  covered  with  a  matting  of 

waste  fragments  of  binding  wire,  entangled  together  and  In 

into  a  sheet,  about  three-eighths  or  half  an  inch  thick  ;  some  few 
of  the  larger  pieces  of  wire,  extend  round  the  edge  of  the  disk 
to  attach  the  remainder.  The  work  to  be  soldered  is  placed 

upon  the  wire,  which  becomes  partially  red-hot  from  the  flame, 
and  retains  the  heat  somewhat  us  the  charcoal,  but  without  the 

inconvenience  of  burning  away,  so  that  the  broad  level  surface 

is  always  maintained.  Small  cinders  are  frequently  placed  upon 
the  tool,  cither  instead  of,  or  upon  the  wire. 
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Sometimes,  as  in  fig.  307,  the  gas  pipe  is  surmounted  by  a 

square  hood,  open  at  both  ends,  and  two  blast  pipes  are  directed 
through  it ;  the  latter  arrangement  is  used  by  the  makers  of  glass 

toys  and  seals;  these  are  pinched  in  moulds  something  like 

bullet-moulds ;  the  devices  on  the  seals  are  produced  by  inserting 
in  the  moulds  dried  casts,  made  in  plaster  of  Paris. 

Makers  of  thermometers  and  other  philosophical  instruments, 

generally  use  a  table  blowpipe,  with  a  shallow  oval  or  rather  a 

kidney-shaped  lamp,  fig.  308,  with  a  loop  placed  lengthways 
upon  the  short  diameter  for  holding  the  cotton,  which  is  some- 

times an  inch  long  and  half  an  inch  wide.  The  wick  is  plentifully 

supplied  with  tallow  or  hog's  lard,  and  a  furrow  is  made  through 
it  with  a  wire  to  afford  a  free  passage  for  the  blast  from  the  fixed 
nozzle,  by  the  size  of  which,  and  its  distance  from  the  flame,  the 

latter  is  made  to  assume  the  pointed  or  brush-like  character. 
This  lamp  is  more  cleanly  and  emits  less  smell  than  those 
supplied  with  oil ;  any  overflow  of  the  tallow  is  caught  in  the 
outer  vessel  or  tray,  and  when  cold,  the  fat  solidifies.  The  forge, 

fig.  90,  page  203,  has  also  a  blowpipe  and  lamp  to  enable  it  to 
be  applied  to  the  arts  in  a  similar  manner,  and  a  very  cheap 

table  blowpipe  is  described  by  Dr.  Faraday,  in  his  "  Chemical 

Manipulation,"  page  120-169.  See  also  Appendix,  note  G,  p. 462. 
Many  blowpipes  have  been  invented  for  the  employment  of 

oxygen  and  hydrogen;  the  mixed  gases  were  first  used  by 
Dr.  Hare  of  Philadelphia,  who  has  been  followed  in  various 
ways  by  Clark,  Gurney,  Gumming,  Hemming,  Marcet,  Leeson, 

and  many  others.*  Two  subsequent  modifications  of  gas  blow- 
pipes which  have  been  invented  for  the  workshop,  will  alone  be 

here  described,  namely,  Sir  John  Robison's  Workshop  Blowpipe, 
intended  for  soldering,  hardening,  and  other  purposes  ;f  and  the 

Count  de  Richemont's  Airo-hydrogen  Blowpipe.J 
The  general  form  of  the  "  workshop  blowpipe"  is  that  of  a  tube 

open  at  the  one  end,  and  supported  on  trunnions  in  a  wooden 

pedestal,  so  that  it  may  be  pointed  vertically,  horizontally,  or 
at  any  angle  as  desired.  Common  street  gas  is  supplied  through 

*  The  construction  and  management  of  nearly  all  the  blow-pipes  are  described 

in  Dr.  Faraday's  " Chemical  Manipulation,"  1830,  pages  107  to  123.  Also  in  "A 
Practical  Treatise  on  the  Use  of  the  Blowpipe,"  by  John  Griffin.  Glasgow,  1827. 
t  "The  Workshop  Blowpipe,"  which  resembles  a  howitzer,  is  engraved  and 

minutely  described  in  the  number  of  the  Mechanic's  Magazine  for  2nd  April,  1842. 
:£  See  the  figure  and  description,  Sect,  v.,  page  454-6. 
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tin-  one  hollow  trunnion,  and  it  escapes  through  nil  ann> 
opening;  whilst  oxygen  gas,  or  more  usually  common  air,  it 
admitted  through  the  other  trunnion  which  is  also  hollow,  and 

i.s  discharged  in  the  center  of  the  hydrogen  through  a  central 
conical  tube;  the  magnitude  and  intensity  of  the  flame  being 
determined  by  the  relative  quantities  of  gas  and  air,  and  by  the 
greater  or  less  protrusion  of  the  inner  cone,  by  which  the  annular 

space  for  the  hydrogen  is  contracted  in  any  required  degree. 
From  amongst  numerous  other  small  applications  of  heat, 

Mr.  Gill's  portable  blowpipe  furnace  may  be  noticed;  it  consists 
of  a  lump  of  pumice-stone  three  or  four  inches  diameter,  scooped 
out  like  a  pan  or  crucible,  and  filled  with  small  fragments  of 

charcoal;  sometimes  a  conical  perforated  cover  is  added;  the 

inside  may  be  intensely  ignited,  whilst  the  slow  conducting  power 
of  the  pumice-stone  guards  the  hand  from  inconvenient  heat. 

SECT.  III. — EXAMPLES    OP    HARD-SOLDERING. 

It  was  mentioned  in  the  tabular  view,  that  the  several  works 

united  with  hard  solders,  receive  nearly  the  same  treatment;  a 
few  examples  will  therefore  serve  to  convey  a  general  idea  of 

hard-soldering ;  a  process  commonly  attended  with  some  risk  of 
partially  melting  the  works,  because  the  fusing  points  of  the 
metals  and  their  respective  solders  often  approach  very  nearly 

together. 

Several  of  the  hard-solders  contain  zinc,  which  appears  to  be 
useful  in  different  ways:  first  it  increases  their  fusibility;  in 
cases  where  the  solder  cannot  be  seen  it  serves  as  an  index  to 

denote  the  completion  of  the  process,  for  when  the  solder  is 

melted  the  zinc  volatilizes,  and  burns  with  the  well-known  blue 
flame;  and  as  at  this  moment  some  of  the  zinc  is  consumed,  the 

alloy  left  behind  becomes  tougher,  and  more  nearly  approaches 
to  the  condition  of  the  metal  which  it  is  desired  to  unite.  The 

zinc  may  be  therefore  considered  to  act  as  a  flux,  and  so  likewise 
does  the  arsenic  occasionally  introduced  into  the  gold  and  silver 

solders,  as  the  arsenic  is  for  the  most  part  lost,  between  the 

processes  of  making  and  using  the  solders ;  but  this  metal  being 
noxious  quality,  it  is  but  little  resorted  to,  and  besides,  it 

i he  other  metals  very  brittle. 

In  every  case  of  soldering,  a  general  regard  to  cleanliness  in 
the  manipulation  is  important,  and  for  the  most  part  the  edges 
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of  the  metals  are  filed  or  scraped  prior  to  their  being  soldered, 

as  before  observed;  in  those  cases  in  which  the  red-heat  is 
employed,  filing  or  scraping  are  less  imperative,  as  any  greasy 
or  combustible  matters  are  burned  away,  and  the  borax  has  the 

property  of  combining  with  nearly  all  the  metallic  oxides  and 
earthy  bases,  thereby  cleansing  the  edges  of  the  metals  should 
that  proceeding  have  been  previously  omitted. 

The  works  in  copper,  iron,  brass,  &c.,  having  been  prepared 
for  braziny,  (or  soldering  with  a  fusible  brass,)  and  the  joints 
secured  in  position  by  binding  wire  where  needful,  the  granulated 

spelter  and  pounded  borax  are  mixed  in  a  cup  with  a  very  little 
water,  and  spread  along  the  joint  by  a  slip  of  sheet  metal  or  a 
small  spoon. 

The  work,  if  sufficiently  large,  is  now  placed  above  the  clear 
fire,  first  at  a  small  distance  so  as  gradually  to  evaporate  the 

moisture,  and  likewise  to  drive  off  the  water  of  crystallization 
of  the  borax ;  during  this  process  the  latter  boils  up  with  the 
appearance  of  froth  or  snow,  and  if  hastily  heated  it  sometimes 

displaces  the  solder.  The  heat  is  now  increased,  and  when  the 
metal  becomes  faintly  red,  the  borax  fuses  quietly  like  glass ; 
shortly  after,  that  is  at  a  bright  red,  the  solder  also  fuses,  the 
indication  of  which  is  a  small  blue  flame  from  the  ignition  of  the 

zinc.  Just  at  this  time  some  works  are  tapped  slightly  with  the 
poker  to  put  the  whole  in  vibration,  and  cause  the  solder  to  run 
through  the  joint  to  the  lower  surface,  but  generally  the  solder 
flashes,  or  is  absorbed  in  the  joint,  and  nearly  disappears  without 
the  necessity  for  tapping  the  work. 

It  is  of  course  necessary  to  apply  the  heat  as  uniformly  as 
possible,  by  moving  the  work  about  so  as  to  avoid  melting  the 
object  as  well  as  the  solder;  the  work  is  withdrawn  from  the  fire 
as  soon  as  the  solder  has  flushed,  and  when  the  latter  is  set,  the 

work  may  be  cooled  in  water  without  mischief. 

Tubes  are  generally  secured  by  loops  of  binding-wire  twisted 
together  with  the  pliers ;  and  those  soldered  upon  the  open  fire 
are  almost  always  soldered  from  within,  as  otherwise  the  heat 
would  have  to  be  transmitted  across  the  tube  with  greater  risk 

of  melting  the  work,  air  being  a  bad  conductor  of  heat;  it  is 

necessary  to  look  t/iroitf/k  the  tube  to  watch  for  the  melting  of 
the  solder.  Long  tubes  are  rested  upon  the  flat  plate  of  the 

brazier's  hearth,  and  portions  equal  to  the  extent  of  the  fire  are 
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so 
ered  in  succession.     The  common  Birmingham  tiihes  for  gas- 
ks,  bedsteads,  and  numerous  other  purposes,  arc  soldered 

from  the  outside  ;  but  (his  is  done  in  short  furnaces  open  at  both 

s  and  level  with  the  floor,  by  winch  the  heat  is  applied  more 
uniformly  around  the  tubes. 

Works  in  iron  require  much  less  precaution  in  point  of  the 
heat,  as  there  is  little  or  no  risk  of  fusion;  thus  in  soldering 
the  spiral  wires  to  form  the  internal  screw  within  the  boxes  of 

ordinary  tail  vices,  the  work  is  coated  with  loam,  and  strips  of 
sheet  brass  are  used  as  solder,  the  fire  is  urged  until  the  blue 

flame  appears  at  the  end  of  the  tube,  when  the  fusion  is  complete  ; 
the  work  is  withdrawn  from  the  fire  and  rolled  backwards  and 

forwards  on  the  ground  to  distribute  the  solder  equally  at  c\ 
part.  Other  common  works  in  iron,  such  as  locks,  arc  in  like 

manner  covered  with  loam  to  prevent  the  iron  from  scaling  off.* 
The  finer  works  in  iron  and  steel,  those  in  the  light-coloured 

metals  generally,  and  also  the  works  in  brass  which  are  required 

to  be  very  neatly  done,  are  soldered  with  silver-solder.  From 
the  superior  fusibility  of  silver-solder,  and  from  its  combining  so 

well  with  the  different  metals  without  "gnawing  them,  or  eatimj 

them  away"  or  wasting  part  of  the  edges  of  the  joints,  siher 
solder  is  very  desirable  for  a  great  many  cases  ;  and  from  the 
more  careful  and  sparing  manner  in  which  it  is  used,  many 
objects  require  but  little  or  no  finishing  subsequently  to  the 
soldering,  so  that  the  more  expensive  solder  is  not  only  better, 
but  likewise  in  reality  more  economical. 

The  practice  of  silver-soldering  is  essentially  the  same  as 
bra/ing.     The  joint  is  first  moistened  with  borax  and  water  ;  the 

solder,  (which  is  generally  laminated  and  cut  into  little  squares 

with  the  shears,)  is  then  placed  on  the  joint  with  forceps.     In 
heating  the  work  additional  care  is  given  not  to  displace  the 
solder;  and  for  which  reason  some  persons  boil  the  borax,  or 

drive  off  its  water  of  crystallization  at  the  red  heat,  then  pulv< 
it,  and  apply  it  in  the  dry  state  along  with  the  solder;  others  : 
the  borax  upon  the  joint  before  putting  on  the  solder. 

Numerous  small  works  united  with  the  hard-solders,  such  as 
1  and  drawing  instruments,  buttons,  and  jewelry, 

icet  iron  may  be  soldered  by  filings  of  soft  cart  iron,  applied  in  the  unud 
way  of  soldering  with  borax,  which  has  been  gradually  dried  in  a  crucible  and 

powdered,  and  a  solution  of  sal  ammoniac,"  —  London  Journal  of  Arta  and  Sciences, 
vol.  v.  1823,  p.  27  1. 
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aresoldered  with  the  blowpipe ;  in  almost  all  cases  the  work  is 

supported  upon  charcoal,  and  sometimes  for  the  greater  concen- 
tration of  the  heat  it  is  also  covered  with  charcoal.  The 

management  of  the  blowpipe  having  been  explained,  it  is  only 
necessary  to  add  that  the  magnitude  and  shape  of  the  flame  are 
proportioned  to  those  of  the  works. 

In  soldering  gold  and  silver,  the  borax  is  rubbed  with  water 
upon  a  slate  to  the  consistence  of  cream,  and  is  laid  upon  the 

work  with  a  camel' s-hair  pencil,  and  the  solders  although  generally 
laminated  are  also  drawn  into  wire,  or  filed  into  dust ;  but  it  will 

be  remembered,  the  more  minute  the  particles  of  the  granulated 

metals,  the  greater  is  the  degree  of  heat  required  in  fusing  them. 
In  many  of  the  jewelry  works  the  solder  is  so  delicately 

applied,  that  it  is  not  necessary  to  file  or  scrape  off  any  portion, 
none  being  in  excess,  and  the  borax  is  removed  by  immersing  the 
works  in  the  various  pickling  and  colouring  preparations  to  be 

adverted  to.  See  Note  A  G,  Appendix,  Vol.  II.,  page  978. 

SECT.  IV.   EXAMPLES    OF    SOFT-SOLDERING. 

IN  this  section  the  employment  of  the  less  fusible  of  the  soft- 

solders  will  be  first  noticed ;  the  plumbers'  sealed  solder,  2  parts 
lead  and  1  of  tin,  melts  at  about  440°  F.;  the  usual  or  fine  tin- 

solder,  2  parts  tin  and  1  of  lead,  melts  at  340°;  and  the  bismuth- 
solders  at  from  250°  to  270°:  the  modes  of  applying  the  heat 
consequently  differ  very  much,  as  will  be  shown. 

The  soft-solders  are  prepared  in  different  forms  suited  to  the 

nature  of  the  various  works.  No.  5,  p.  435,  the  plumbers'-solder, 
is  cast  in  iron  moulds  into  triangular  ingots  measuring  from  1  to  6 

superficial  inches  in  the  section.  No.  8,  the  fine  tin-solder,  is  cast 
in  cakes  about  4  by  6  inches,  and  4  to  £  inch  thick ;  and  this  and 
the  more  fusible  kinds,  are  traled  from  the  ladle  upon  an  iron 
plate  or  flat  stone,  to  make  slight  bars,  ribbons,  and  even  threads, 
that  the  magnitude  of  the  solder  may  be  always  proportioned  to 
the  magnitude  and  circumstances  of  the  work. 

It  is  very  essential  that  all  soft-soldered  joints  should  be  par- 
ticularly clean  and  free  from  metallic  oxides ;  and  except  where 

oil  is  exclusively  used  as  the  flux,  greasy  matters  should  be 
avoided,  as  they  prevent  the  ready  attachment  of  the  aqueous 
fluxes.  It  is  therefore  usual  with  all  the  metals,  except  clean 
tinned  plate,  and  clean  tin  alloys,  to  scrape  the  edges  immediately 
before  the  process,  so  far  as  the  solder  is  desired  to  adhere. 
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Lead  works  arc  first  smeared  or  soiled  around  the  intended 

joints,  with  a  mixture  of  size  and  lamp-black,  called  toil,  to  ] 
\t  nt  the  adhesion  of  the  melted  solder;  next  the  parts  intended 

to  receive  the  solder  arc  scraped  quite  clean  with  the  ahave-hook, 
(a  triangular  disk  of  >trd  riveted  on  a  wire-stem,)  and  the 

i  nutal  is  then  rubbed  over  with  tallow.  Some  joints  arc 

irijiftf,  without  the  employment  of  the  soldering  iron;  that  is, 

th  •  solder  is  heated  rather  beyond  its  melting  point,  and  poured 
somewhat  plentifully  upon  the  joint  to  heat  it ;  the  solder  is  then 
smoothed  with  the  cloth,  or  several  folds  of  thick  bed-tick  well 

•d,  with  which  the  superfluous  solder  is  finally  removed. 
Other  lead  joints  are  striped,  or  left  in  ridges,  from  the  bulbous 

end  of  the  plumber's  crooked  soldering-iron,  which  is  heated 
nearly  to  redness,  and  not  tinned ;  the  iron  and  cloth  arc  jointly 
used  at  the  commencement,  for  moulding  the  solder  and  heating 
the  joint.  In  this  case  less  solder  is  poured  on,  and  a  smaller 

quantity  remains  upon  the  work;  and  although  the  striped- 
joints  are  less  neat  in  appearance,  they  are  by  many  considered 
sounder  from  the  solder  having  been  left  undisturbed  in  the  act 

of  cooling.  The  vertical  joints,  and  those  for  pipes,  whether 
finished  with  the  cloth  or  iron,  require  the  cloth  to  support  the 
fluid  solder  when  it  is  poured  on  the  lead. 

Slight  works  in  lead,  such  as  lattices,  requiring  more  neatness 

than  ordinary  plumbing,  are  soldered  with  the  copper-bit  or 
copper-bolt  represented  in  figs.  311  and  312;  they  are  pieces  of 
copper  weighing  from  three  or  four  ounces  to  as  many  pounds, 

riveted  into  iron-shanks,  and  fitted  with  wooden  handles.  All 
the  works  in  tinned  iron,  sheet  zinc,  and  many  of  those  in  copper 
and  other  thin  metals,  are  soldered  with  this  tool,  frequently 

misnamed  a  soldering-tro/i,  which  in  general  suffices  to  convey 
all  the  heat  required  to  melt  the  more  fusible  solders  now 

employed. 

311. 

no 

If  the  copper-bit  have  not  been  previously  tinned,  it  is  heated 
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in  a  small  charcoal  stove  or  otherwise  to  a  dull  red,  and  hastily 

filed  to  a  clean,  metallic  surface ;  it  is  then  rubbed  immediately, 

first  upon  a  lump  of  sal-ammoniac,  and  next  upon  a  copper  or 
tin  plate,  upon  which  a  few  drops  of  solder  have  been  placed ; 
this  will  completely  coat  the  tool;  it  is  then  wiped  clean  with  a 

piece  of  tow  and  is  ready  for  use. 
In  soldering  coarse  works,  when  their  edges  are  brought 

together,  they  are  slightly  strewed  with  powdered  resin  con- 
tained in  the  box  fig.  310,  or  it  is  spread  on  the  work  with  a 

small  spoon ;  the  copper-bit  is  held  in  the  right  hand,  the  cake 
of  solder  in  the  left,  and  a  few  drops  of  the  latter  are  melted 

along  the  joint  at  short  intervals.  The  iron  is  then  used  to  heat 
the  edges  of  the  metal,  both  to  fuse  and  to  distribute  the  solder 
along  the  joint,  so  as  entirely  to  fill  up  the  interval  between  the 

two  parts;  only  a  short  portion  of  the  joint,  rarely  exceeding 
six  or  eight  inches,  is  done  at  once.  Sometimes  the  parts  are 
held  in  contact  with  a  broad  chisel-formed  tool,  or  a  hatchet- 
stake,  whilst  the  solder  is  melted  and  cooled,  or  a  few  distant 

parts,  are  first  tacked  together  or  united  by  a  drop  of  solder, 
but  mostly  the  hands  alone  suffice,  without  the  tacking. 

Two  soldering  tools  are  generally  used,  so  that  whilst  the  one 
is  in  the  hand,  the  other  may  be  reheating  in  the  stove ;  the 
temperature  of  the  bit  is  very  important;  if  it  be  not  hot  enough 
to  raise  the  edges  of  the  metal  to  the  melting  heat  of  the  solder, 
it  must  be  returned  to  the  fire ;  but  unless  by  mismanagement 
it  is  made  too  hot  and  the  coating  is  burned  off,  the  process  of 

tinning  the  bit  need  not  be  repeated,  it  is  simply  wiped  on  tow, 
on  removal  from  the  fire.  If  the  tool  be  overheated,  it  will  make 

the  solder  unnecessarily  fluid,  and  entirely  prevent  the  main 

purpose  of  the  coppcr-\)\t,  which  is  intended  to  act  both  as  a 
heating  tool,  and  as  a  brush,  first  to  pick  up  a  small  quantity  or 

drop  from  the  cake  of  solder  which  is  fixed  upright  in  the  tray, 
fig.  309,  and  then  to  distribute  it  along  the  edge  of  the  joint. 

The  tool  is  sometimes  passed  only  once  slowly  along  the  work, 
being  guided  in  contact  with  the  fold  or  edge  of  the  metal.  This 

supposes  the  operator  to  possess  that  dexterity  of  hand,  which  is 
abundantly  exhibited  in  many  of  the  best  tin  wares;  in  these  the 

line  of  solder  is  very  fine  and  regular.  The  soldcring-tool  is  then 
thin  and  keen  on  the  edge,  and  the  flux  instead  of  being  resin 
is  mostly  the  muriate  of  zinc,  with  which  the  joint  is  moistened 
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by  menus  of  a  small  wire  or  a  stick  prior  to  the  application  of 

tlu'  >ol;  sometimes  the  workman  cools  the  part  just 
fmislu  -d,  by  blowing  upon  it  as  the  bit  proceeds  in  its  course;  and 
the  iron  if  overheated  i>  cooled  upon  a  moistened  rag  placed  in 
the  empty  space  of  the  tray  containing  the  solder. 

Copper  works  arc  more  commonly  fluxed  with  powdered  sal- 

ammoniac,  and  so  is  likewise  sheet-iron,  although  some  mix  pow- 
dered resin  and  sal-ammoniac ;  others  moisten  the  edges  of  the 

work  with  a  saturated  solution  of  sal-ammoniac,  using  a  piece  of 
cane  ;  the  end  of  which  is  split  into  filaments  to  make  a  stubby 
bni>h,  and  they  subsequently  apply  resin ;  each  method  has  its 
advocates,  but  so  long  as  the  metals  are  well  defended  from 
oxidation  any  mode  will  suffice,  and  in  general  management  the 
processes  are  the  same. 

Xinc  is  more  difficult  to  solder  than  the  other  metals,  and  the 

joints  are  not  generally  so  neatly  executed  ;  the  zinc  seems  to 

remove  the  coating  of  tin  from  the  copper  soldering-tool ;  this 
probably  arises  from  the  superior  affinity  of  copper  for  zinc  than 

for  tin.  The  flux  sometimes  used  for  zinc  is  sal-ammoniac,  but 
the  muriate  of  zinc,  made  by  dissolving  fragments  of  zinc  in 
muriatic  acid  diluted  with  about  an  equal  quantity  of  water,  is 
much  superior;  and  the  muriate  of  zinc  serves  admirably  likewise 
for  all  the  other  metals,  without  such  strict  necessity  for  clean 
surfaces  as  when  the  other  fluxes  are  used. 

The  copper  tool  is  only  applicable  to  thin  metals,  because  it 

requires  sucli  a  degree  of  heat,  as  will  allow  it  to  raise  the  tem- 
perature of  the  work  to  be  joined,  to  the  melting  point  of  the 

solder ;  and  the  excess  of  heat  thus  required  for  stout  metals,  is 
apt,  cither  to  burn  off  the  coating  of  solder,  or  to  cause  it  to  be 

absorbed  as  a  process  of  superficial  alloying.  It  requires  some 
tact  to  keep  the  heat  of  the  tool  within  proper  limits  by  means  of 

the  charcoal  or  cinder  fire,  but  with  the  airo-hydrogen  blowpipe, 

explained  at  page  \->\  -il.it  is  easy  to  maintain  any  required 
temperature  for  an  indefinite  period. 

Thicker  pieces  of  mct:tl,  Mich  as  the  parts  of  philosophical 

apparatus,  gas-fittings,  and  others  which  cannot  be  conveniently 
managed  \\ith  the  copper-bit,  are  first  prepared  by  filing  or 
turning,  and  cacli  piece  is  then  separately  tinned  in  one  of  the 

following  \\  iall  pieces,  immediately  after  being  clt 
with  the  tile  or  other  tool,  and  without  being  touched  with  the 



448  SOFT-SOLDEBIXG  THICK  METAL  WORKS. 

fingers,  are  dipped  into  a  ladle  containing  melted  solder,  \vluch 

is  covered  -with  a  little  powdered  sal-ammoniac.  The  flux  meets 
the  work  before  it  is  subjected  to  the  heat,  and  the  tinning  is 

then  readily  done  ;  sometimes  the  work  is  in  the  first  instance 

sprinkled  with  resin,  or  rubbed  over  with  sal-ammoniac  water; 
the  latter  is  rather  a  dangerous  practice,  as  the  moisture  is  apt 
to  drive  the  melted  metal  in  the  face  of  the  operator. 

Thin  pieces  of  brass  or  of  copper  alloys,  if  submitted  to  this 
method,  must  be  quickly  dipped,  or  there  is  risk  of  their  being 

attacked  and  partly  dissolved  -by  the  solder.  There  is  some 
little  uncertainty  as  to  iron,  and  especially  as  to  steel,  being  well 

coated  by  dipping ;  sometimes  a  forcible  jar  or  a  hard  rub  will 
remove  most  of  the  tin,  and  it  is  therefore  safer  to  rub  these 

works  with  a  piece  of  heated  copper  shaped  like  a  file,  imme- 
diately on  their  removal  from  the  melted  solder,  which  makes  the 

adhesion  more  certain. 

Larger  pieces  of  metal,  or  those  it  is  inconvenient  to  dip  into 

the  ladle,  are  first  moistened  with  sal-ammoniac  water,  or  dusted 
with  the  dry  powder  or  resin,  and  heated  on  a  clear  fire  either 
of  charcoal,  coke,  or  cinders,  until  the  strjp  of  solder  held  against 
them  is  melted  and  adheres  ;  as  the  lowest  heat  should  be  always 
used.  Another  cleanly  way  of  applying  the  heat,  and  which  is 

also  employed  in  tempering  tools,  varnishing,  and  cementing,  is 
to  make  red-hot  a  few  inches  of  the  end  of  a  flat  iron  bar  about 

two  feet  long,  to  pinch  it  in  the  vice  by  the  cold  part,  and  to 
lay  the  work  upon  that  spot  which  is  at  a  suitable  temperature ; 

the  work  can  be  thus  very  conveniently  managed,  especially  as 
it  may  be  likewise  placed  in  a  good  light. 

Until  the  two  parts  of  the  work  are  thoroughly  tinned,  they 
must  be  well  defended  from  the  air  by  the  flux  to  prevent  oxida- 

tion ;  they  are  next  made  a  trifle  hotter  than  is  required  for 
tinning,  and  placed  in  contact  whilst  the  solder  is  quite  fluid,  and 
a  little  additional  solder  is  also  used ;  when  practicable  the  two 

surfaces  are  rubbed  together  to  perfect  the  tinning  and  spread 
the  alloy  evenly  through  the  joint ;  the  work  is  then  allowed  to 
cool  under  pressure  applied  by  the  hammer  handle,  the  blunt  end 

of  a  tool,  the  tail-vice,  or  in  any  convenient  manner.  The  stages 
of  this  practice,  are  similar  to  those  of  the  carpenter,  who 
having  brushed  the  glue  over  the  two  pieces  of  wood,  rubs  them 

together  and  fixes  them  with  the  hand -screws  until  cold,  as  before 
adverted  to. 
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Small  works  arc  sometimes  united  by  cleaning  the  n>|. 

•aces,  moistening  them  «  itli  sal-ammoniac  water,  or  appl; 
dry  powder  or  resin,  then  placing  between  the  pieces  a 

slipof  tin  f..il.  pre\iou>!y  cleaned  \\ith  emery-paper,  and  pinching 
the  whole  bet  \\»rn  :i  pair  of  heated  tongs   to    melt    the    foil;   or 

nilar  modifications  combining  beat  and  pressure  are  used. 

Many   workmen    who    are   aecn.stomcd   to    the    blowpipe,    as 

jeurll<  !•-,  Mathematical  instrument    makers,   and   others,   apply 
the  blowpipe  with  great  success  in  soft-soldering;  but  as  the 
methods  arc  in  other  respects  similar  to  those  given,  they  do  not 

require  particular  no1  pt  that  in  some  cases  there  is  no 
choice  but  to  tie  the  works  together  with  binding-wire  as  in  hard- 

soldering;  but  the  preference  is  always  given  to  detached  tiun in -^ 
and  rubbing  together. 

The  modern  gas-fitters  are  remarkably  expert  in  joining  tin 
and  lead  pipes  with  the  blowpipe;  they  do  not  employ  the 
method  of  the  plumbers  and  pewterers,  or  the  spigot  and  faucet 
joint  surrounded  by  a  bulb  of  solder,  but  they  cut  off  the  ends 
of  the  pipes  with  a  saw,  and  file  the  surfaces  to  meet  in  butt 

joints,  in  mitres,  or  in  T  form  joints  as  required.  In  confined 
situations  they  apply  the  heat  from  one  side  only  with  the  blow- 

pipe and  rushes;  they  employ  a  rich  tin  solder,  with  oil  and  rc-in 
mixed  in  equal  parts  as  the  flux;  the  work  looks  like  carpentry 

rather  than  soldering.*  See  also  Appendix,  Note  < . 
The  pewterers  employ  a  very  peculiar  modification  of  the 

blowpipe,  which  may  be  called  the  hut-air  blast,  and  the  names 
for  which  apparatus  are  no  less 

peculiar;  a  fig.  313,  being  called 
the  hod,  and  b,  the  gcntli man. 
The  first  is  a  common  cast-iron 

pot  with  a  close  cover,  containing 
ignited  charcoal;  two  no/.zles  ] 

ing  respectively  into  and  from  it, 
to  allow  the  passage  of  a  stn  am 

•  An  ingenious  workman  assured  me  that  be  had  employed  this  mode,  for  lead 
pipes  measuring  externally  one  inch  and  a  half  diameter  and  situated  in  angles,  by 
placing  pieces  of  slate  against  the  floor  and  the  perpendicular  partition  to  defend 
them  from  the  flame,  the  action  of  which  was  assisted  by  two  piece*  of  charcoal 

inserted  in  the  corners.  And  also  that  as  a  trial  of  skill,  he  had  made  fifteen  joints 

in  three  quarter  inch  tin  pipe,  five  of  each  kind,  namely,  plain,  mitre,  and  T  form, 

including  the  preparations,  in  the  exceeding  ;<>d  of  twenty  five  minutes. 

..  , 

Fig.  313. 
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of  air,  through  the  pipe  c,  from  bellows  worked  by  the  foot. 
The  pewter  wares,  many  of  which  are  circular,  are  placed  on  the 
gentleman,  or  a  revolving  pedestal  which  may  be  adjusted  by  the 
side  screw  to  any  height :  the  workmen  dip  the  strip  of  solder  in 
a  little  pot  of  oil,  and  apply  it  to  the  joint  with  the  right  hand, 
whilst  they  slowly  revolve  the  work  with  the  left.  This,  which  is 

a  very  controllable  application  of  heat,  includes  in  its  range  a 

moderately  large  extent  of  the  pewterer's  work,  and  answers  the 
purpose  extremely  well ;  by  some,  the  rushes  and  mouth  blow- 

pipe are  used  for  circular  as  well  as  for  other  articles  in  pewter. 
The  pewters  bear  nearly  the  proportion  of  the  alloys  Nos.  8  to 

12,  page  435  :  for  the  less  fusible  containing  most  tin,  the  solder 
No.  8,  or  2  tin  1  lead,  is  used ;  for  the  more  fusible  containing 
most  lead,  the  bismuth  solders,  2  tin  1  lead  1  bismuth,  and 

others  of  similar  low  degrees  of  fusibility,  are  employed.  The 

first  solder  is  called  by  the  pewterers,  hard-pale,  the  last  soft- 
jy«/e,andto  suit  the  pewterers  of  intermediate  degrees  of  fusibility, 

the  two  are  mixed  in  variable  proportions  and  called  middling- 
pale  ;  but  the  table  on  page  435,  and  especially  the  original  from 
which  the  18  terms  there  given  are  extracted,  would  enable  the 

solders  to  be  definitely  proportioned,  to  their  respective  metals. 
The  flux  always  used  by  the  pewterers,  is  Gallipoli  oil ;  it  is  a 

second  rate  olive  oil,  of  peculiar  quality,  rather  thick,  green,  and 
unfit  for  the  table,  but  its  selection  requires  judgment. 

Iron,  copper,  and  alloys  of  the  latter  metal,  are  frequently 
coated  with  tin,  and  occasionally  with  lead  and  zinc,  to  present 

surfaces  less  subject  to  oxidation ;  gilding  and  silvering  are  partly 
adopted  from  similar  motives.  As  regards  iron,  the  method  of 

making  the  tinned  plate  is  strictly  a  manufacturing  process  which 

has  been  slightly  noticed  at  page  284,  and  that  of  covering  iron 

with  zinc  by  Mallett's  patent  process  at  page  301,  so  that  it  prin- 
cipally remains  to  describe  the  ordinary  method  of  tinning  vessels 

and  other  objects  of  copper,  brass,  and  iron,  after  they  have 
been  manufactured,  and  which  is  in  general  thus  performed. 

Copper  and  brass  vessels  are  first  pickled  with  sulphuric  acid, 
mostly  diluted  with  about  three  times  its  bulk  of  water ;  they  are 
then  scrubbed  with  sand  and  water,  washed  clean  and  dried ; 

they  are  next  sprinkled  with  dry  sal-ammoniac  in  powder,  ami 
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•(•(1  >lij;htly  <  '.'.re  ;  then  a  small  quantity  of  melted 
block  tin  is  thrown  in.  the  vessel  is  swung  and  twisted  about  to 

»l>ply  the  tin  on  all  sides,  and  when  it  has  well  adhered  tin- 
portion  in  rxcess  is  returned  to  the  ladle,  and  the  object  is  cooled 

in  wntrr.  \Vhen  eleverly  performed  very  little  tin  is  taken  up, 
and  tin  surface  looks  almost  as  bright  as  silver;  some  objects 
require  to  be  dipped  into  a  ladle  full  of  tin. 

Iron  presents  rather  more  difficulty,  the  affinity  of  the  tin 
In  ing  less  strong  for  iron  than  for  copper;  but  the  treatment  is 
in  general  nearly  the  same.  Old  works  require  that  the  grease 
should  be  removed  with  concentrated  muriatic  acid,  before  the 

other  processes  are  commenced ;  and  in  cast-iron  vessels  the 
grease  often  penetrates  so  deeply,  owing  to  the  porous  nature  of 

the  metal,  that  the  re-tinning  is  sometimes  scarcely  possible,  and 
it  i>  often  more  economical  to  obtain  a  new  vessel. 

An  alloy  of  nickel,  iron,  and  tin,  has  been  introduced  as  an 
improvement  in  tinning  the  metals.  Mr.  G.  M.  Braithwaite, 

one  of  the  patentees,  informs  the  author  that,  "  the  nickel  and 
tin  compound  is  harder  than  tin,  and  endures  a  much  longer 
time ;  it  is  less  fusible,  and  will  not  run  or  melt  at  a  heat  that 

would  cause  the  ordinary  tinning  of  pans  to  forsake  the  sides 

and  lie  in  a  mass  at  the  bottom.  Also,  that  as  an  experi- 
ment to  show  the  tenacity  of  the  nickel,  a  piece  of  cast-iron 

tinned  with  the  compound,  had  been  subjected  by  him  for  a  few 
minutes  to  the  white  heat  under  a  blast,  and  although  the  tin  was 
consumed,  the  nickel  remained  as  a  permanent  coating  upon 

the  iron."* 
There  is  also  another  method,  that  of  cold-tinning,  by  aid  of  the 

amalgam  of  mercury,  described  at  page  301 ;  but  this  process 

when  applied  to  utensils  employed  for  preparing  or  receiving 
food,  appears  questionable  both  as  regards  effectiveness  and 

*  "  The  proportion*  of  nickel  and  iron  mixed  with  the  tin  in  order  to  produce 
the  best  tinning,  are  ten  ounces  of  the  beet  nickel,  and  seven  ounces  of  sheet-iron, 
to  ten  pounds  of  tin.  These  metals  are  mixed  in  a  crucible,  and  to  prevent  the 
oxidation  of  the  tin  by  the  high  temperature  necessary  for  the  fusion  of  the  nickel, 
the  metals  are  covered  with  one  ounce  of  borax  and  three  ounces  of  pounded 
glass.  The  fusion  is  completed  in  about  half  an  hour,  when  the  composition  is 
run  off  through  a  hole  made  in  the  flux.  In  tinning  metals  with  this  composition 

the  workman  proceeds  in  the  ordinary  manner."  See  specification  of  Messrs. 
Richardson  and  Braithwaite's  Patent,  1840,  in  The  Inrentor't  Advocate,  1841,  p.  197. 
The  process  was  discovered  by  M.  Budie,  of  the  firm  of  Blaise  &  Co.,  Paris. 

o  o  2 
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wholesomeness,  and  the  activity  of  the  muriatic  acid  must  not  be 

forgotten;  it  should  be  therefore  washed  carefully  off  with 
water.  The  tin  adheres  however,  sufficiently  well  to  allow  other 

pieces  of  metal  to  be  afterwards  attached  by  the  ordinary  copper 

soldering-bit. 

SECT.  V. — SOLDERING  PER  SE,  OR  BURNING  TOGETHER. 

THIS  principally  differs  from  ordinary  soldering,  in  the  circum- 
stance that  the  uniting  or  intermediate  metal  is  the  same  as  those 

to  be  joined,  and  that  in  general  no  fluxes  are  employed. 
The  method  of  burning  together,  although  it  only  admits  of 

limited  application,  is  in  many  cases  of  great  importance,  as  when 
successfully  performed  the  works  assume  the  condition  of  greatest 

strength,  from  all  parts  being  alike.  There  is  no  dissimilarity 
between  the  several  parts  as  when  ordinary  solders  are  used, 
which  are  open  to  an  objection,  that  the  solders  expand  and 
contract  by  heat  either  more  or  less  than  the  metals,  to  which 
they  are  attached.  There  is  another  objection  of  far  greater 
moment :  the  solders  oxidize  either  more  or  less  freely  than  the 

metals,  and  upon  which  circumstances  hinge  some  galvanic  or 
electrical  phenomena ;  and  thence  the  soldered  joints  constitute 
galvanic  circuits,  which  in  some  cases,  cause  the  more  oxidizable 

of  the  two  metals  to  waste  with  the  greater  rapidity,  especially 
when  heat,  moisture,  or  acids  are  present. 

In  chemical  works  this  is  a  most  serious  inconvenience,  and 

therefore  leaden  vessels  and  chambers  for  sulphuric  acid  must 

not  be  soldered  with  tin  solder,  the  tin  being  so  much  more  freely 
dissolved  than  the  lead.  Such  works  were  formerly  burned 

together  by  pouring  red-hot  lead  on  the  joint,  and  fusing  the 
parts  into  one  mass,  by  means  of  a  red-hot  soldering-iron,  as 
noticed  at  page  394 ;  this  is  troublesome  and  tedious,  and  it  is 

now  replaced  by  the  autogenous  soldering,  to  be  explained. 
Pewter  is  sometimes  burned  together  at  the  external  angles  of 

works,  simply  that  no  difference  of  colour  may  exist ;  the  one  edge 

is  allowed  to  stand  a  little  above  the  other,  as  in  fig.  234,  page 
391,  a  strip  of  the  same  pewter  is  laid  in  the  angle,  and  the  whole 

are  melted  together,  with  a  large  copper-bit,  fig.  311,  page  445^ 
heated  almost  to  redness  ;  the  superfluous  metal  is  then  filed  off, 

leaving  a  well-defined  angle  without  any  visible  joint. 
Brass  is  likewise  burned  together ;  for  instance  the  rims  of 



sou  453 

-r  mural  circles  for  observatories,  that  arc  five,  six,  or  s< 
diameter,  arc  sometimes  cast  in  six  or  more  segments,  and 

•lir.l  by  hunting.     The  ends  of  the  segments  are  filed  clean, 
two  pieces  arc  fixed  vertically  iu  a  sand  mould  in  their  relative 

tions,  a  .shallow  space  is  left  around  the  joint,  and  the  entire 
(Large  of  a  crucible,  say  thirty  or  forty  pounds  of  the  melted 
brass  a  little  hotter  than  usual,  is  then  poured  on  the  joint  to 

•  it  to  the  melting  point.     The  metal  overflows  the  shallow 
chamber  or  hole,  and  runs  into  a  pit  prepared  for  it  in  the  saud  ; 

hut  the  last  quantity  of  metal  that  remains  solidifies  with  the 
i  mis  of  the  segments,  and  forms  a  joint  almost  or  quite  as  perfect 
ns  the  general  substance  of  the  metal ;  the  process  is  repeated 

for  every  joint  of  the  circle.* 
Cast-iron  is  likewise  united  by  burning,  as  will  be  explained  by 

the  following  example:  to  add  a  flange  to  an  iron  pipe,  a  sand 
mould  is  made  from  a  wood  model  of  the  required  pipe,  but  the 
gusset  or  chamfered  band  between  the  flange  and  tube,  is  made 
rather  fuller  than  usual,  to  afford  a  little  extra  base  for  the  flange. 

The  mould  is  furnished  with  an  ingate,  entering  exactly  on  the 

horizontal  parting  of  the  mould,  at  the  edge  of  the  flange,  and 
with  a  waste  head  or  runner  proceeding  upwards  from  the  top 
of  the  flange,  and  leading  over  the  edge  of  the  flask  to  a  hollow 
or  pit  sunk  in  the  sand  of  the  floor. 

*  The  compensation  balance  of  the  chronometer  and  superior  watches,  is  an 
interesting  example  of  natural  soldering.  The  balance  is  a  small  fly-wheel  made 
of  one  piece  of  steel,  covered  with  a  hoop  of  brass ;  the  rim  consisting  of  the  two 
metals,  is  divided  at  the  two  extremities  of  the  one  diametrical  arm  of  the  balance, 

so  that  the  increase  of  temperature  which  weakens  the  balance-spring,  contracts 
in  a  proportionate  degree  the  diameter  of  the  balance,  leaving  the  spring  less 
resistance  to  overcome.  This  occurs  from  the  bran  expanding  much  more  by 
heat  than  steel,  and  it  therefore  curls  the  semicircular  arcs  inwards,  an  action  that 

will  be  immediately  understood  if  we  conceive  the  compound  bar  of  brass  and 
steel  to  be  straight,  as  the  heat  would  render  the  brass  side  longer  and  convex, 
and  in  the  balance  it  renders  it  more  curved. 

In  the  compensation  balance,  the  two  metals  are  thus  united ;  the  disk  of  steel 

when  turned  and  pierced  with  a  central  hole,  is  fixed  by  a  little  screw-bolt  and 
nut  at  the  bottom  of  a  small  crucible  with  a  central  elevation,  smaller  than  the 
disk  ;  the  brass  is  now  melted  and  the  whole  allowed  to  cool  The  crucible  is 
broken,  the  excess  of  brass  is  turned  off  in  the  lathe,  the  arms  are  made  with  the 

file  as  usual,  the  rim  is  tapped  to  receive  the  compensation  screws  or  weight*,  and 
lastly  the  hoop  is  divided  in  two  places,  at  opposite  ends  of  its  diametrical  arm. 

A  little  black  lead  is  generally  introduced  between  the  steel  and  the  crucible; 
and  other  but  less  exact  modes  of  combining  the  metals  are  also  employed. 
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The  end  of  the  pipe  is  filed  quite  clean  at  the  place  of  junction, 
and  a  shallow  nick  is  filed  at  the  inner  edge  to  assist  in  keying  on 

the  flange  ;  lastly  the  pipe  is  plugged  with  sand  and  laid  in  the 
mould.  After  the  mould  is  closed,  about  six  or  eight  times  as 

much  hot  metal  as  the  flange  requires,  is  poured  through  the 
mould ;  this  heats  the  pipe  to  the  temperature  of  the  fluid  iron, 

so  that  on  cooling,  the  flange  is  attached  sufficiently  firm  to  bear 

the  ordinary  pressure  of  screw-bolts,  steam,  &c.* 
The  method  of  burning  is  occasionally  employed  in  most  of 

the  metals  and  alloys,  in  making  small  additions  to  old  castings, 
and  also  in  repairing  trifling  holes  and  defects  in  new  ones ;  it  is 

only  successful,  however,  when  the  pieces  are  filed  quite  clean, 
and  abundance  of  fluid  metal  is  employed,  in  order  to  impart 
sufficient  heat  to  make  a  natural  soldering.  A  process  which  is 

also,  although  differently  accomplished,  in  plating  copper  with 
silver,  (page  282,)  as  the  two  metals  are  raised  to  a  heat  just 

short  of  the  melting  point  of  the  silver,  and  the  metals  then  unite 
without  solder  by  partial  alloying. 

To  conclude  the  description  of  soldering  processes,  we  have  to 

refer  to  figure  314,  which  represents  the  airo-hydrogen  blowpipe 
invented  in  France  by  the  Count  de  Richemont  ;f  it  is  in  a  great 

measure  converting  the  oxy -hydrogen  blowpipe  invented  by  Dr. 
Hare,  to  the  service  of  the  workshop,  and  it  is  done  with  great 

simplicity  and  safety.  The  elastic  tube  h,  supplies  hydrogen 
from  the  generator,  and  the  pipe  a  supplies  atmospheric  air  from 
a  small  pair  of  double  bellows  b,  worked  by  the  foot  of  the 
operator,  and  compressed  by  a  constant  weight  w ;  the  two  pipes 
meet  at  the  arch,  and  proceed  through  the  third  pipe  e,  to  the 
small  jet  /,  from  whence  proceeds  the  flame.  All  the  connexions 
are  by  elastic  tubes,  which  allow  perfect  freedom  of  motion,  so 
that  the  portable  blowpipe  is  carried  to  the  work. 

*  Steam  and  water-tight  joints,  in  cast-iron  works  not  requiring  the  power  of 
after-separation,  are  often  made  by  means  of  iron  cement  in  the  following  propor- 

tions :  112  Ib.  of  cast-iron  filings  or  borings,  1  Ib.  of  sal  ammoniac,  1  Ib.  of  sulphur, 
and  4  Ib.  of  whitening.  Small  quantities  of  the  materials  are  mixed  together  with 
a  little  water  shortly  before  use. 

For  minute  cracks  the  cement  is  laid  on  externally  as  a  thin  seam,  or  for  larger 

spaces  it  is  driven  in  with  caulking-irons.  The  edges  of  the  metal  and  the  cement 
shortly  commence  one  common  process  of  rusting,  and  at  the  end  of  a  week  or  ten 
days,  the  joints  will  be  found  hard,  dry,  and  permanent. 

t  The  process  is  patented  in  this  country  by  Mr.  Delbruck,  and  is  practised  under 

his  licence  by  his  agents,  Messrs.  A.  Clark  &  Co.,  of  Southwark,  and  various  others. 
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In  soldering  by  the  autogenous  process,  the  works  are  first 

prepared  and  scraped  clean  as  usual,  the  hydrogen  is  igin 
and  the  size  of  the  flame  is  proportioned  by  the  stop-cock  // 
the  :iir  is  then  admitted  through  <t,  until   the  flame  assumes  a 
tine  pointed  eharaeter,  with  which  the  work  is  united  after  the 

F«g.  314. 

general  method  of  blowpipe  soldering,  except  that  a  strip  of  lead 
is  used  instead  of  solder,  and  generally  without  any  flux. 

This  mode  is  described  as  being  suitable  to  most  of  the  metals, 

but  its  best  application  appears  to  be  to  plumbers'  work,  and  it 
has  been  adopted  for  such  in  our  government  dock-yards. 
The  weight  of  lead  consumed  in  making  the  joints,  is  a  mere 

fraction  of  the  weight  of  ordinary  solder,  which  is  both  more 
expensive  and  more  oxidizable,  from  the  tin  it  contains.  The 

gas  soldering,  as  it  is  called,  removes  likewise  the  risk  of  acci- 

dents from  the  plumbers'  fires,  as  the  gas  generator,  which  is  in 
itself  harmless,  may  be  allowed  to  remain  on  the  ground  whilst 
tin  workman  ascends  to  the  roof,  or  elsewhere,  with  the  pipe. 

Lead  is  interposed  as  solder  in  uniting  zinc  to  zinc,  and  it  is 
also  used  in  soldering  the  brass  no/./.les  and  eoeks  to  the  vc-sels 
of  lead,  and  those  of  copper  coated  with  lead,  used  as  generators. 

Fig.  315. 

Another  ;1  application  of  the  gas  flame,  is  for  keeping 
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the  copper  soldering  tool,  fig.  315,  at  one  temperature,  which  is 
done  by  leading  the  mixed  gases  through  a  tube  in  the  handle, 
so  that  the  flame  plays  on  the  back  of  the  copper  bit.  This 

mode  seems  to  be  very  well  adapted  to  tin-plate  and  zinc  works, 
especially  as  the  common  street  gas  may  be  used,  thereby  dis- 

pensing with  the  necessity  for  the  gas  generator,  the  construction 
and  management  of  which  alone  remain  to  be  explained. 

The  gas  generator,  fig.  314,  bears  some  resemblance  to  Pepys* 
gasometer.  When  it  is  first  charged,  the  stopper  1,  is  unscrewed 
and  the  lower  chamber  is  nearly  filled  with  curly  shreds  of  sheet 
zinc,  and  the  stopper  is  replaced.  The  cover  is  now  removed, 
and  a  plug  with  a  long  wire  is  inserted  from  the  top  into  the  hole 
near  3 ;  the  upper  chamber  is  next  filled  with  dilute  sulphuric 

acid,  (1  acid  and  6  water,)  until  it  is  just  seen  through  the  cen- 
tral hole  to  rise  above  the  plate  immediately  beneath  it.  This 

measures  the  quantity  of  liquid  required  to  charge  the  vessel 
without  the  risk  of  overflow.  The  plug  is  now  withdrawn  from 

3,  and  the  cocks  4,  and  h,  being  opened,  the  air  escapes  from  the 
lower  vessel  by  the  pressure  of  the  column  of  water  which  enters 
beneath  the  perforated  bottom  5,  upon  which  the  zinc  rests. 
The  cocks  4  and  h  are  now  closed,  and  by  the  decomposition  of 

the  water,  hydrogen  is  generated,  which  occupies  the  upper  part 
of  the  lower  chamber,  and  drives  the  dilute  acid  upwards, 

through  the  aperture  3,  so  as  to  place  matters  in  the  position  of 

the  engraving,  which  represents  the  generator  about  two-thirds 
filled  with  gas. 

The  gas  issues  through  the  pipe  h,  when  both  cocks  are  opened, 
but  it  has  to  proceed  through  a  safety  box  6,  in  which  the 
syphon  tube,  dips  two  or  three  inches  into  a  little  plain  water 
introduced  at  the  lateral  aperture  7 ;  by  this  precaution  the 
contents  of  the  gasometer  cannot  be  ignited,  as  should  the  flame 

return  through  the  pipe  h,  it  would  be  intercepted  by  the  water 

in  the  safety  box.  After  three  or  four  days'  constant  work  the 
liquid  becomes  converted  into  the  sulphate  of  zinc,  and  is  with- 

drawn through  the  plug  8 ;  the  vessel  is  then  refilled  with  fresh 
dilute  acid  as  already  explained,  but  the  zinc  lasts  a  considerable 
time. 

The  generators  are  made  of  lead,  or  where  portability  and 
lightness  are  required,  of  copper  washed  with  lead,  and  all  the 
exposed  parts  of  the  brass  work  are  washed  and  united  with  lead 
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to  drfrml  them  from  the  acid.  Occasionally  the  air  is  likewise 

Mipplird  by  aerometers,  or  vessels  somewhat  resembling  the  gas 

generator,  but  which  arc  only  filk-d  with  common  air,  and  there- 
fore do  not  require  the  zinc  or  acid.* 

THE  great  and  unintended  length  to  which  the  pages  of  the 
present  volume  have  extended,  is  to  be  solely  attributed  to  a 

constant  desire  to  set  forth  in  sufficient  detail,  the  general  prin- 
ciples and  features  of  the  numerous  subjects  which  have  been 

considered.  In  the  fulfilment  of  this  task,  I  have  been  indi, 

\.  TV  irreatly  to  enlarge  upon  the  original  manuscript  during  its 
passage  through  the  press,  by  the  notice  and  explanation  of 
additional  illustrations,  many  of  which  have  been  indeed  acquired 
during  that  period. 

Yet  notwithstanding  this  great  extension,  it  may  be  satisfac- 
torily added,  that  this  has  in  no  respect  led  to  any  departure 

from  the  arrangement  first  proposed  in  pages  10  to  12,  of  the 
introductory  chapter;  as  all  the  processes  forming  the  subject 
matter  of  the  foregoing  sheets,  are  accomplished  nearly  without 
the  use  of  cutting  tool*,  and  are  such  as  could  not,  consistently 
with  the  plan  of  this  work,  be  so  well  placed  elsewhere. 

*  The  following  is  the  broad  difference  between  the  airo-hydrogen  and  the 
oxy-hydrogen  blowpipes.  In  the  oxy-hydrogen  blowpipe,  the  pure  gases  are 
mixed  in  the  exact  proportions  of  two  volumes  of  hydrogen  to  one  of  oxygen, 
which  quantities  when  combined  constitute  water,  and  in  this  particular  case 

there  is  the  greatest  condensation  of  volume,  and  the  greatest  evolution  of  latent 
as  well  as  of  sensible  heat 

The  airo-hydrogen  blowpipe,  is  supplied  with  common  air  and  with  pure 
hydrogen ;  this  instrument  is  also  the  most  effective  when  the  oxygen  and 

hydrogen  are  mixed  in  the  proportions  of  1  to  2;  but  the  nitrogen,  which 

constitutes  four-fifths  of  our  atmosphere,  is  now  in  the  way  and  detracts  from 
the  intensity  of  the  effect. 

END    OF    THE    FIRST    VOLUME. 





APPENDIX. 

During  At  period  m  which  Ait  Volume  hat  been  pairing  through  the  prett,  tome  new 

matter*  having  relation  to  itt  poyet  have  been  published  ;  a  few  of  thete  art  hert 

noticed,  and  by  aid  of  At  referencet  in  At  body  of  the  work,  Aete  Notet  wilt 

come  under  aberration  in  Atir  appropriate  placet. 

Note  A. — To  follow  the  end  of  page  46. 

The  Patent  Wood  Carving.  This  U  not  accomplished  in  the  usual  manner,  by 
cutting  away  the  wood  with  chisels,  but  it  is  burned  away,  or  rather  converted  into 

charcoal.  The  oak,  mahogany,  rose-wood,  horso-chesnut,  or  other  wood,  U  steeped 
in  water  for  about  two  hours ;  and  the  cast-iron  dye  or  mould  containing  the  device, 
is  heated  to  redness  or  sometime*  to  a  white  heat,  and  applied  against  the  wood ; 

either  by  a  handle  as  a  branding-iron,  by  a  lever-press,  or  by  a  screw-press, 
according  to  circumstances ;  the  moulds  are  made  by  the  iron-founder  from  plaster 
oasts  of  the  original  models  or  carvings. 

Had  not  the  wood  been  saturated  with  water  it  would  bo  ignited,  but  until  the 
moisture  is  evaporated  it  is  only  charred ;  it  gives  off  volumes  of  smoke,  but  no 
flame.  After  a  short  time  the  iron  is  returned  to  the  furnace  to  be  re-heated,  the 
blackened  wood  is  well  rubbed  with  a  hard  brush  to  remove  the  charcoal  powder, 

which,  being  a  bad  conductor  of  heat,  saves  the  wood  from  material  discoloration ; 

and  before  the  re-application  of  the  heated  iron  the  wood  is  again  soaked  in  water, 
but  for  a  shorter  time,  as  it  now  absorbs  moisture  with  more  facility. 

The  rotation  of  burning,  brushing,  and  wetting  is  repeated  ten  or  twenty  times 

or  upwards,  until  in  fact  the  wood  fills  every  cavity  in  the  mould,  the  process  being 
materially  influenced  by  the  character  and  condition  of  the  wood  itself,  and  the 
degrees  in  which  the  heat  and  moisture  are  applied.  The  water  so  far  checks  the 
destruction  of  the  wood,  or  even  its  change  of  any  kind,  that  the  burned  surface 

simply  cleaned  by  brushing,  is  often  employed,  as  it  may  be  left  either  of  a  very 
pale  or  deep  brown,  according  to  the  tone  of  colour  required,  so  as  to  match  old 
carvings  of  any  age ;  or  a  very  little  scraping  removes  the  discoloured  surface. 
Perforated  carvings  are  burned  upon  thick  blocks  of  wood,  and  cut  off  with  the 
circular  saw. 

The  patent  mode  is  considerably  cheaper  than  ordinary  carving,  and  the  more 
so  the  greater  the  complexity  and  delicacy  of  the  design.  The  date  of  the  Patent 
granted  to  Messrs.  A.  S.  Braithwaite  and  Co.  for  this  novel  process  is  Nov.  1840. 

Note  R— To  follow  the  Foot  Note  on  Page  116. 

Subsequently  to  the  extract  from  "  Dr.  Boucher*  t  Memoir  on  At  Pretervation 

•jd»"  having  been  printed  upon  pages  113—116  of  this  work,  the  subject 
came  under  the  notice  of  the  Institution  of  Civil  Engineers;  and  injustice  to  the 

claim  of  Mr.  Bethell,  I  have  quoted  the  following  paragraphs  from  the 

Minutes  of  Proceedings  of  that  Institution  for  1842,  page  88 — 9. 

"  Mr.  Bethell  remarked  that  the  process  described  in  Dr.  Boucherie's  pamphlet 
was  identical  with  that  patented  by  him  July  llth,  1838,  two  years  before  Dr. 

Boucherie's  was  mentioned  in  Paris,  which  was  in  June  1840.  The  specification 
filed  by  Mr.  Bethell  stated  '  that  trees  just  cut  down  may  bo  rapidly  impregnated 
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with  the  solution  of  the  first  class,  hereafter  mentioned,  (among  -which  is  included 
the  pyrolignite  of  iron,)  by  merely  placing  the  butt  ends  in  tanks  containing  the 
solution,  which  will  circulate  with  the  sap  throughout  the  whole  tree ;  or  it  may 

be  done  by  means  of  bags  made  of  water-proof  cloth  affixed  to  the  butt  ends  of 

the  trees  and  then  filled  with  the  liquid.' — See  Specification  in  Repertory  of 
Patents,  March,  1842. 

"  Mr.  Bethell  found  that  some  solutions  were  taken  up  more  rapidly  by  the  sap 
and  circulated  with  it  more  freely  than  others,  and  the  pyrolignite  of  iron  seemed 
to  answer  best ;  he  had  not  hitherto  introduced  the  process  in  England  because  it 

was  much  more  expensive  than  the  oil  of  tar,  the  pyrolignite  costing  from  6d.  to 

Qd.  per  gallon,  and  the  oil  being  delivered  at  3d.  per  gallon." 
"  In  answer  to  a  question  from  Mr.  Pellatt,  Mr.  Bethell  stated  that  his  experiments 

on  the  use  of  silicate  of  potash  or  soluble  glass  for  rendering  wood  uninflammable 

were  not  yet  concluded :  he  had  proved  its  efficacy  in  this  point — that  as  soon  as 
the  prepared  timber  was  heated,  the  glass  melted  and  formed  a  filmy  covering 
over  the  surface,  which  protected  it  from  the  oxygen  of  the  air  and  prevented  its 

catching  fire.  The  silicate  also  hardened  the  wood  and  rendered  it  more  durable. 

This  process  was  included  in  his  patent  of  July  llth,  1838." 

Note  C,  (and  also  D,  E,)  to  follow  the  Foot  Note,  page  234. 

"  On  some  peculiar  Changes  in  the  Internal  Structure  of  Iron,  independent  of, 

and  subsequent  to,  the  several  processes  of  manufacture."  By  Mr.  Charles  Hood, 
F.R.A.S.,  &c.  This  paper  was  read  before  the  Inst.  Civ.  Eng.,  21  June,  1842. 

"  The  singular  and  important  changes  in  the  structure  of  iron,  which  it  is  the 
object  of  this  Paper  to  explain,  are  those  which  arise  in  the  conversion  of  the 

quality  of  iron,  known  by  the  name  of  'red  short  iron,'  which  is  tough  and 
fibrous,  into  the  brittle  and  highly-crystallised  quality  known  by  the  name  of  'cold 

short  iron.'  " — "  The  principal  causes  which  produce  this  change  are  percussion, 
heat,  and  magnetism,  and  the  author  traces  through  a  great  number  of  practical 
cases  of  ordinary  occurrence,  the  joint  as  well  as  the  separate  effects  of  these  three 
causes ;  showing  that  the  rapidity  of  the  change  is  proportional  to  the  combined 
action  of  these  several  causes,  and  that  in  some  cases  where  all  three  causes  are  in 

operation  at  the  same  time,  the  change  of  structure  is  almost  instantaneous ;  while 

in  other  cases,  where  this  united  operation  does  not  occur,  the  change  is  extremely 

slow,  extending  over  several  years  before  it  becomes  sensible." 
Various  fractured  specimens  were  shown  to  the  Meeting,  by  which  the  coarse 

crystalline  structure  was  principally  ascribed  to  the  cold  hammering  and  planishing. 

See  Minutes  of  Proceedings  Inst.  Civ.  Eng.  Pages  180 — 184;  transcribed  in  Civil 
Eng.  and  Arch.  Journal,  418. 

Note  D,  page  284. 

"  Experiments  on  the  Tenacity  of  Wrought  Iron,"  by  Mr.  James  Nasmyth,  C.  E. — 
Communicated  to  the  Meeting  of  the  British  Association,  Manchester,  1842. 

Mr.  Nasmyth  commences  by  entirely  objecting  to  apart  of  the  opinion  recently 
advanced  by  the  French  Commission,  appointed  to  inquire  into  the  circumstances 
of  the  recent  lamentable  accident  on  the  Versailles  railway ;  namely,  that  the  axles 
of  railway  carriages,  although  they  may  be  originally  good,  become  gradually 

deteriorated  from  electrical  or  magnetical  causes,  owing  to  their  revolving  in 
contact  with  the  rails.  Mr.  Nasmyth,  on  the  contrary,  ascribes  the  mischief 
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i  pally  to  the  workshop,  and  considers  that  the  very  beet  iron  may  be  greatly 
deteriorated  by  the  continuance  of  the  hammering  or  swaging  until  the  iron  is 
cold,  which,  although  it  add*  to  the  finish  and  smoothness  of  the  forging*,  at  the 

Mine  time  detracts,  aad  sometimes  enormously  so,  from  their  "  shock-resisting 

quality.* 
Mr.  Nasmyth's  experiments  were  made  on  parts  of  the  same  bar  of  the  very 

best  iron.  If  inch  square,  hud  obliquely  across  the  anvil,  with  the  end  overhanging 
the  same  24  to  8  inches ;  the  blows  of  a  heavy  sledge  hammer  were  directed  upon 
the  bar,  and  immediately  over  the  edge  of  the  anvil 

;>.  1.  The  bar,  in  the  state  in  which  it  1.  ft  the  manufacturer's  hands,  and  at 

the  temperature  of  60°,  broke  with  nine  heavy  blows,  "  the  fracture  exhibiting  that 
clear  crystalline  texture  due  to  a  good  quality  of  iron  at  that  tempcratun," 

•.  2.  A  piece  of  the  same  bar,  heated  red  hot  and  hammered  until  cold,  broke 

at  60°,  with  one  slight  blow,  "the  fracture  exhibiting  a  most  beautiful  dote 
crystalline  grain,  more  like  the  fracture  of  steel  than  iron." 

Kxp.  3.  The  latter  bar  (exp.  2)  heated  to  a  dull  red,  and  allowed  to  cool  at  its 
leisure,  refused  to  break,  it  doubled  upon  itself,  the  outer  part  of  the  bend 
became  three-fourths  of  an  inch  thinner  from  the  extent  to  which  it  had  been 

stretched,  the  inner  part  became  thickened  in  the  same  degree  from  the  com- 
pression; and  after  receiving  105  heavy  blows,  and  being  doubled  or  folded  down 

flat,  no  evidence  of  fracture  was  vUiblo. 

Exp.  4.  A  portion  of  the  original  bar  (1)  wanned  to  100°,  after  receiving  about 
fifty  blows  over  the  edge  of  the  anvil,  curled  into  the  form  of  a  crook,  and  split 

open  on  the  outer  edge,  the  fracture  being  entirely  fibrous  like  wood,  of  a  fine 

lead  gray  colour,  and  totally  free  from  the  appearance  of  any  sparkling  crystals ; " 
showing  remarkable  changes  from  experiment  1,  simply  by  the  addition  of 

40  degrees  of  temperature. 
Mr.  Nasmyth  thence  argues,  that  temperature  greatly  influences  both  the 

tenacity  and  the  appearance  of  the  fracture  in  iron ;  and  that  the  beat  practice 

undoubtedly  is,  to  hammer  the  work  until  cold,  and  then  to  anneal  it ;  "  the 

curative  process,"  being  most  simple  and  of  insignificant  cost  See  Civil  Eng.  and 
Arch.  Journal,  page  285. 

Note  E,  page  234. 

A  Machine  for  Forging  Iron  and  Steel,  has  been  lately  invented  by  a  gentleman 
at  Bolton,  named  Rider.  This  machine,  which  was  exhibited  in  action  at  the 

Meeting  of  the  British  Association  at  Manchester,  is  quite  portable,  occupying  a 

•pace  of  8  feet  by  4  feet.  It  may  be  worked  by  steam  or  water  power,  so  as  to 
make  about  650  blows  per  minute. 

It  contains  five  or  six  sets  of  anvils  and  swages.  The  anvils  are  arranged  in  a 
row  in  the  frame  at  the  usual  height  from  the  ground,  and  every  swage  is  fixed  to 
the  lower  end  of  a  vertical  bar,  moving  between  proper  guides,  so  as  to  be  capable 

of  rising  and  falling  through  a  small  space  above  ita  anvil.  A  horizontal  axis 

psanns  across  the  upper  ends  of  these  swage-bars,  and  has  an  eccentric  for  every 
•wage,  so  that  the  uniform  rotation  of  this  axis  causes  every  one  of  the  swages  to 
rise  and  fall  periodically  in  order.  The  workman  has  merely  to  heat  the  bar  in 
the  fire,  and  li<>U  it  under  the  vibrating  swage,  turning  it  or  otherwise  changing 

ita  position  according  to  the  form  he  wishes  to  produce. 

It  is  stated  that  the  machine  will  perform  the  labour  of  three  men  and  • 
assistants  or  strikers,  and  will  complete  its  work  in  a  very  superior  manner  and 
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with  great  rapidity.     Thus  a  piece  of  round  iron  If  inch  in  diameter,  was  reduced 
to  a  square  of  §  inch,  2  feet  5  inches  long  at  one  heat. 

This  swage  machine  promises  to  be  of  particular  use  in  forging  such  works  as 
cotton  spindles  and  others  required  in  great  numbers,  as  the  diameters  and  lengths 
of  their  respective  parts,  can  be  determined  with  the  same  accuracy  as  that  of 
objects  moulded  in  sand  and  cast  hi  the  ordinary  way;  and  the  forgings  require 

but  little  adjustment  beyond  centering,  to  adapt  them  to  the  turning  lathe. 

Note  F.— To  follow  the  Foot  Note,  page  372. 

The  Six-foot  Speculum.  In  casting  this  remarkable  work,  the  Earl  of  Rosse, 

(formerly  Lord  Oxmantown,)  used  a  porous  metallic  mould  with  a  ring  of  sand,  as 

before  described.  The  mould  was  composed  of  slips  of  hoop-iron,  four  inches 
wide,  one-eighth  of  an  inch  thick,  wedged  up  tight  in  a  frame,  and  turned  coarsely 

to  the  curve  on  the  bed  of  the  grinding-machine,  with  a  rude  curvilinear  slide-rest 
The  diameter  of  the  Speculum  was  six  feet  and  a  fraction,  thickness  in  the  center 

five  inches,  at  the  edge  five  and  a  half  inches.  Three  tons  weight  of  metal,  which 

had  been  previously  run  into  ingots,  was  poured  from  three  cast-iron  pots  into  the 
mould  in  four  seconds  of  time ;  the  mould  was  shortly  after  dragged  into  the  heated 

annealing  oven,  and  every  aperture  having  been  stopped  off  most  carefully  the 
annealing  was  extended  over  above  two  months,  and  was  quite  successful. 

The  Telescope  will  be  erected  in  a  lofty  stone  tower,  with  a  stage  at  the  top  ; 
the  speculum  will  be  supported  in  its  tube  upon  a  system  of  levers,  to  resolve  its 

bearing  to  three  points  only,  (as  described  in  the  Trans.  Royal  Soc.  1840,  p.  524,) 

and  at  the  distance  of  54  feet,  or  its  focal  length,  the  plane  mirror  at  45°,  and  the 
lateral  eye-piece,  will  be  attached  to  the  tube,  as  in  Newton's  arrangement.  The 
instrument  will  be  situated  in  the  plane  of  the  meridian  with  an  equatorial 

movement  by  clock-work  for  half  an  hour  on  either  side,  to  extend  observations 
for  one  hour. 

The  construction  of  the  Reflecting  Telescope  has  been  long  a  favourite  pursuit 
with  amateurs,  but  this  instrument  is  an  enormous  extension  upon  any  hitherto 

attempted.  The  Earl  of  Rosse  does  not  consider  that  he  has  arrived  at  the 
mechanical  limit  of  size,  but  that  no  further  optical  advantage  is  to  be  anticipated 
from  a  larger  instrument,  owing  to  atmospherical  interferences.  This  arduous 
undertaking  is  expected  to  be  completed  in  the  course  of  1843. 

Since  the  above  lines  were  written,  the  Earl  of  Rosse  has  completed  his  gigantic 

undertaking  in  a  most  satisfactory  manner,  no  alteration  from  the  original  inten- 
tions having  appeared  necessary.  The  observations  made  with  the  new  telescope, 

have  been  found  to  realise  every  expectation  that  had  been  formed  of  its  powerful 
and  surprising  definition. 

Note  G. — To  follow  the  second  paragraph,  page  440. 

A  very  convenient  portable  torch,  which  is  much  used  by  the  gas-fitters  and 
pewterers,  consists  of  three  or  four  dozen  rushes  such  as  are  used  for  rush-lights; 
they  are  expressly  prepared  by  the  tallow-chandlers  with  only  a  slight  coating  of 
tallow,  and  are  retained  in  a  paper  sheath.  This  torch  may  be  carried  to  the  work, 
and  used  in  situations  where  an  ordinary  oil  lamp  could  not  be  applied ;  the  rushes 
last  a  considerable  time.  This  description  was  accidentally  omitted  in  the  body 
of  the  work,  and  refers  to  page  449  as  well  as  to  440. 

END  OF  THE  APPENDIX  TO  THE  FIRST  VOLUME. 
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A   NEW    SYSTEM    oi     S(  AI.KS    OF    EQUAL   PARTS; 

ilili?  to  rarioun  purposes  of  ENGINEERING,  ARCHITM-TURAL,  and  GENERAL 
>CK.     By  CHARUH  HOLTZAP*  PKL.    Illustrated  by  a  fac-similc  of  the  Malm 

on  copper-plate.    Bvo.  doth,  Price  2i.  6d. 

-  Mr.  lloLnArrrn.  fould  mat  kart  Aont  a  toller  ttrvlet  far  tkt  profmton  Htmn  turning  Hit 
•t lt*lio»  la  tkt  ronilnutitn  *f  K*lt»  niUbU  fur  Uutr  pvrpottt.—  Wt  *MM  for  many  jw«r«  Wm 
IN  tkt  »«W<  ttfmtinf  teaUt  m*4»  nfpuptr.  MA  for  tttimaling  atnl  drawing,  on  account  of  tkeir 
eo»*t»lt*et. —  Wi  AM*  Mry  <«r<^iHjr  aramlnni  itrtrol  a/lkt  icaUt,  nnd  kavt  muek  pUutvrt  In 

ttttVfing  tktir  »et*rttt,  M.I  mtUUf .-— Tb*  Cira  Bnghinr.  and  Archltecu'  Journal. 

DESCRIPTIVE  CATALOGUE  OF  THE  WOODS 

EMPLOYED  IN  THIS  Cofirrmr,  KOR  TMK  MKCHANICAL 
AND  ORNAMENTAL  Aara, 

WITH  ExTEKtiTK  HoTAMc*L  Norn  at  DR.  ROYLE,  F.R.S.,  L.S., 
AND  G.S.,  inc.,  ETC. 

The  Deacriptire  Catalogue  of  the  Woods,  commonly  employed  in  this  country,  it 

extracted  from  Vol.  I.  of  "Turning  and  Mechanical  Manipulation"  by  Charles 
ll..|-.i.i}.:!'.-l.  The  Catalogue  is  interleaved  anil  bound  in  cloth,  for  the  uae  of 
Collectors,  Naturalists,  and  Travellers.  8vo.  eloth,  1'rice  2«.  6d. 

A  NEW  SYSTEM  OF  DECIMAL  GAGES  OR  MEASURES 

FOR  SHEET  METALS,  WIRES,  AND  SMALL   MANUFACTURED  ARTICLES  GENERALLY. 

Including  the  exact  decimal  values  of  the  gages  now  principally  uaed  for  these 
purposes  in  the  Mechanical  Arts. 

This  paper  is  extracted  from  the  Appendix  to  Vol.  II.  of  "Turning  and  Mechanical 
Manipulation,"  by  Charles  HoltzapffeL  Pamphlet  8vo,  in  wrapper,  price  U. 

I'UINTlNd  APPARATUS  FOB  THE  USE  OF  AMATEURS. 

Containing  full  and  practical  instructions  for  the  use  of  COWPER'S  PARLOUR 
PRINTING  PRBM,  also  the  description  of  larger  presses  on  the  same  principle,  and 
various  other  apparatus  for  the  Amateur  Typographer. 

The  pamphlet  contains  likewise,  numerous  specimens  of  plain  and  ornamental 
type*,  brass   rules,  checks,  borders,  ornaments,  corners,  arms,  &c.  Ac.     Third 

:.,  greatly  enlarged.    8vo,  cloth,  Price  2t.  6d. 

HOLTZAPFFEL  AND  CO.'S  GENERAL  CATALOGUE 
OF    LATHES,    TOOLS,   AND    INVTRUMENTS   EMPLOTED   IN  THE  MECHANICAL   ARTS 

OENMULLT. 

Stereotype  Edition.     1849.     Bvo.  pp.  72,  Price  6<*.,  or  free  by  Post,  1*.  id. 

I?UII:F  ACCoUi\7T  OF  IBBETSON'S  GEO.MKTKU 
CHUCK. 

11.  &  Co.  beg  to  announce  that  they  have  purchased  the  remaining  copies  of  the 

pamphlet  written  by  the  late  J.  H.  Ibbetaon,  Esq.,  entitled  M  A  brief  Account  of 
Ibbetson's  Geomrt-  manufactun  >pft*«l  &  Co.,  with  a  Selection 
of  Specimens  illustrative  of  some  of  its  Bowers."— Pamphlet  8vo.,  in  coloured 
wrapper,  Prk»  St. 



APPENDIX  (B.)— TO  HOLTZAPFFEL  &  CO.'S  GENERAL  CATALOGUE. 

A  NEW  SYSTEM  OF  SCALES  OF  EQUAL  PARTS, 
Applicable  to  various  purposes  of  ENGINEERING,  ARCHITECTURAL,  and  GENERAI 
SCIENCE.  Illustrated  by  a  fac-siraile  of  the  scales  on  copper- [late.  By  CHARLES 
HOI.TZAPFFKL.  8vo.  cloth,  Price  2s.  &d.  Published  by  JOHN  WEALE,  London.  Sold 

also  by  HOLTZAPFFEL  &  Co.,  Engine,  Lathe,  and  Tool  Manufacturers,  64,  Charing 
Cross,  and  127  Long  Acre,  London. 

"  Mr  HOLTZAPFFKL  could  Hot  have  done  a  better  service  for  the  profettion,  than  turning  hit  attention 
to  thf  construction  of  tealet  tuitable  for  their  purpose*. —  We  hare  for  many  years  been  in  the  h<<bit  <>/ 
luiit'i  tcalet  made  of  paper,  both  for  ettimating  and  draicin;),  on  account  of  their  conivnifn?e.—  HV  haiv 

\j-.ry  carefully  examined  several  of  the  tcalet,  and  have  much  pleasure  in  testifying  Uteir  accuracy  and 
t.tility." — The  Civil  Engineer  and  Architects'  Journal. 

HOLTZAPFFEL  AND  CO.'S. 
ENGINE -DIVIDED     SCALES, 

APPLICABLE    TO 

(Engineering,  Architectural,  anfc  General  Science. 
As  the  least  expensive  fabric,  each  scale  is  ruled  in  the  Dividing  Engine,  on  a  different 

slip  of  card  paper,  18  inches  long,  the  figures  and  inscription  having  been  previously 
printed  dry.  By  this  arrangement  the  confusion  of  crowded  scales  is  entirely  avoided, 
and  any  of  them  may  be  applied  directly  to  the  drawing,  or  compared  with  one  another, 
without  the  employment  of  the  compasses.  The  material  of  the  scales  and  of  the 
drawing  paper  being  IDENTICAL,  they  will  be  found  well  adapted  to  the  majority  of  the 
drawings  used  in  common  practice.  Numerous  experiments  on  this  head  are  detailed 
in  the  pamphlet. 

ORDINARY  DRAWING  SCALES. 

A  series  of  24  scales,  containing  the  usual  reductions  of  the  foot,  from  one  sixteenth  of  an  inch  to  6  inches 
to  the  foot,  including  three  lines  of  inches,  divided  into  eighths,  tenths,  and  twelfths, and  the  English  fuui 
decimally  divided.  Sold  also  in  quarter-sets,  or  singly. 

CHAIN  SCALES. 

A  series  of  12  scales  In  chains  and  links,  namely,  1,  1 4,  2,  3,  4,  6,  8,  10,  16,  20,  30,  40,  chains  to  the 
Inch  ;  various  others,  and  also  scales  of  chains  aud  miles  expressed  in  feet. 

PROPORTIONAL  SCALES. 

A  series  of  25  Proportional  Scales,  for  the  enlargement  and  diminution  of  drawings  nnd  models,  so  as 
«>  suit  all  transpositions  of  scale,  required  by  the  limitation  of  the  drawing  paper,  the  copper  platu,  or 
of  the  materials  to  be  used  in  the  Lathe  or  otherwise.  The  series  gives  400  distinct  and  different  ratios 
of  proportion,  which  are  given  in  a  tabular  form  in  the  Pamphlet. 

COMPARATIVE  SCALES. 

A  series  of  24  Comparative  Scales,  by  which  any  length  in  Berlin,  Brussels,  Knglish,  Florence, 
French,  Lelpslc,  Lisbon,  Munich,  Neapolitan,  Polish,  Uhincland,  Roman,  Sicilian,  Spanish,  Swedish, 
Venetian,  Vienna,  measures,  whether  in  feet,  bracchi,  palms,  inches,  or  parts,  can  be  transposed  on 
inspection  into  corresponding  quantities,  expressed  in  any  other  of  the  linear  measures  of  the  series. 

The  same  method  is  equally  applicable  to  the  transposition  of  the  measures,  weights,  moneys,  miles, 
leagues,  &c.  of  different  Countries,  and  for  any  of  which  purposes,  scales  will  be  made  to  order,  from  the 

measures  of  the  National  Standards  given  in  KKI.I.Y'S  CAMBIST. 
A  series  of  24  Scales  for  showing  the  comparative  bulks  and  weights  of  equal  quantities  of  the  metals, 

woods,  stones,  and  materials  principally  -used  in  the  arts.  Contraction  Rules,  used  in  making  foundry 
patterns. 

Any  of  the  above,  ami  many  other  Sea' et  (fully  described  in  the  Pamphlet),  graduated  on  ti-parate  tlijit 
of  Card  Board,  18  inehet  long,  at  9*.  tfie  dozen,  or  tfparately,  at  it.  e<ich.      If  ruled  to  order,  2*.  each. 

Catet  covered  with  cloth,  for  one  dozen,  It.  Cd.  /  for  two  dozen,  2s.  each. 

THE  LIBRARY,  SKETCHING  OR  POCKET-BOOK  SCALE. 
A  rectangle  of  card,  4J  by  2' ,  cut  out  in  the  annexed  form,  and  divided  on  the  several 

edges.  It  combines  the  Protractor,  nnd  all  the  usual  Scales  for  Drawing,  and  it  may  be 

used  a«  a  set  iquarc,  or  bevil,  parallel  rule.  Marquois  Scale,  dec.  Price,  on  card,  '.It.,  4t., 
bt.,  according  to  the  number  of  graduations. 

THE  ODONTOGRAPH, 

Invented  by  the  Rev.  R.  WILLIS,  A.M.,  F.R.S.,  Jacksonian  Professor,  Cambridge, 
This  is  an  instrument  of  easy  application,  used  for  describing  the  teeth  of  wheels  by  circular  area,  no 

that  any  two  wheels  of  a  set  may  >ork  truly  together.  Price  of  the  Odontograph  on  card  aud  vaniK 
The  theoretical  explanation  of  this  system  of  teeth,  which  has  been  extensively  adopted  by  practical  mm, 

will  be  found  in  the  Trnus.  Inst.  Civil  .'"ugincers,  Vol.  II.,  and  in  Willis '»  Principle-*  of  .Me<-haiu.-,m,  WI2. 
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TOOL  CHESTS,  I) I 
-  PREaSKS,  GAUI  .  \c. 

MANUFACTORY,  127,   LONG  ACRE. 

,.•<    ORDERS, :  :    Alii:.NO    II  '  TU> 

WIIH    KA  •. 
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UKTSOV'S  Grometric  Chuck. — Pints  First,  Second,  nnd  Third. 

One  Oval 
and  uiif  i 

Muvemenl. 

HOI.TZ  .Pcritl  fi  Co.'*  Cu!"p>.iinri  Or,rl  ,,n:'  Kccr»l 



conjunc- 

Each  Specimen  on  the  other  side  is  the  result  of  a  different  Apparatus. 
This  page  shows  the  effect  of  the  same  Apparatus,  when  emjuovt  <l  in  conjt 

tion  with  the  Rose  Engine. 
Although  only  one  Specimen  of  each  individual  Apparatus  is  given,  yet  the 

ns,  which  may  be  considered  almost  endless,  depend  on  the  skill  and  taMe 
of  the  Operator. 

HoLTXArppct  ft  Cu.'t 
rf  Krcnttrie  Clkui  *  «i<4  tkt  Rtur 



ADDRESS. 

IT  is  a  source  of  extreme  gratification  to  H.  &  Co.,  to  notice  the 

extent  to  which  the  Mechanical  Arts,  and  more  particularly  that  of  Turn- 
ing, are  pursued ;  the  Turning  Lathe,  in  its  various  modifications,  assisted 

by  its  appendages  of  mechanism,  being  at  present  absolutely  essential  to 
some  stage  of  every  manufacture. 

The  cultivation  of  Mechanics  by  Gentlemen  who  have  the  advantages 

of  general  acquirements  and  of  leisure,  has  given  rise  to  many  ideas  and 

suggestions  on  their  part,  which  have  led  to  valuable  practical  improve- 

ments. H.  &  Co.  have  a  large  share  of  these  obligations  to  acknow- 
ledge, but  it  would  obviously  be  extremely  difficult  to  particularise  them, 

as  the  ultimate  form  of  any  successful  piece  of  mechanism  is  commonly 

the  result  of  many  successive  modifications. 

In  some  cases  H.  &  Co.  have  been  furnished  by  Gentlemen  with  the 

theoretical  and  general  sketch  of  machines,  the  details  of  construction 

being  entrusted  partially,  or  wholly,  to  themselves  ;  and  in  others  they  have 
merely  carried  into  practical  effect  the  finished  designs. 

To  each  of  the  Gentlemen  by  whom  they  have  been  favoured  with 
communications,  as  well  as  to  those  whose  names  appear  in  this  Catalogue, 

they  beg  to  return  their  most  sincere  thanks,  with  the  assurance  that  it 
would  give  them  great  pleasure  to  make  further  additions  to  this  list  under 
similar  circumstances. 

The  public  is  respectfully  invited  to  inspect  H.  &  Co.'s  ware-rooms, 
where  may  be  seen  the  principal  part  of  the  tools  and  machines  specified 
in  this  list;  but  of  these  numerous  apparatus,  some  few  are  only  made  to 

order,  and  others  cannot  be  always  in  readiness ;  consequently,  drawings 

of  nearly  the  whole  are  in  preparation,  to  supply  this  inevitable  deficiency. 
The  drawings  are  often  found  to  assist  foreign  Gentlemen,  and  others,  who 

experience  inconvenience  from  being  unacquainted  with  the  technical 
names  of  the  various  apparatus. 

Amateurs  wno  desire  to  receive  instruction  in  Turning  or  Mechanical 

Manipulation  generally,  can  receive  lessons  from  H.  &  Co.'s  experienced 
workmen,  either  in  rooms  fitted  up  for  the  purpose  at  Charing  Cross,  or 
at  their  private  residences,  in  town  or  country. 

No.  64,  CIURI.NO  CROSS, 
October,  1844. 
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HOLTZAPFFEL  AND  CO.'S  GENERAL  CATALOGUE,  1844. 

COMPLETE  LATHES,  DESCRIPTIONS  ONE  TO 
EIGHTEEN. 

The  greater  number  of  the  I/athes  Descriptions,  One.  to  Eighteen,  are  tpe-  £  t.  d, 
cified  as  of  five-inch  center,  and  which  Lathes  have  bearers  3  feet  6 
inches  long.  Lathes  for  amateurs  and  others,  are  sometimes  also 
made  as  small  as  of  3  inch  center,  and  2  feet  6  inches  in  length  of 
bearers  ;  and  at  other  times  as  large  as  of  7 -inch  center,  and  7  feet  in 
length  of  bearers.  Lathes  of  these  various  sizes  are  also  made  with 
frames  either  of  wood  or  iron. 

The  5-inch  center  lathes,  or  those  of  medium  sue,  are  however  the  most 
generally  convenient  for  amateurs,  as  they  are  sufficiently  large  for  the 
largest  pieces  of  ivory  and  hardwood  commonly  met  with  ;  and  they 
are  also  sufficiently  large  to  allow  a  proportionate  degree  of  strength 
in  the  numerous  additional  apparatus  ;  without  on  the  other  hand, 
becoming  from  excessive  size  either  unwieldy  or  inconvenient,  as 
respects  the  friction  of  their  moving  parts. 

Per  occasional  purposes,  the  range  of  the  5-inch  lathe  may  be  in- 
creased about  one-half  as  to  diameter,  by  lifting  pieces,  No.  1631, 

or  about  twofold  as  to  length,  by  lengthening  bars,  No.  1632;  and 
the  5-inch  lathes  are  also  made  with  iron  bearers,  exceeding  the 
customary  length  of  3  feet  6  inches. 

In  selecting  Turning  Machinery,  many  amateurs  prefer  tobegin  with  a 
small  outfit,  and  gradually  to  extend  it  by  successive  additions  oj 
apparatus.  Mucli  of  the  Turning  Machinery  is  constructed  with 
the  object  of  facilitating  this,  which  may  be  called  the  accumulative 
method ;  as  most  of  the  lathes  may  be  thus  a  vanced,  to  the  condi- 

tion of  some  of  those  higher  up  in  the  scale  of  completeness  and 

price. For  example,  it  will  be  seen  in  the  examination  of  the  following  de- 
scriptions, that  the  Lathe  Description  Three  (^618),  may,  by  addi- 

tions, be  made  equal  to  any  of  those  not  possessing  iron  bearers. 
The  Lathe  Description  Five  (j£35),  may  be  converted  into  the  mott 
complete  of  those  with  beech-wood  frames  ;  and  the  Lathe  Descrip- 

tion Ten  (£60),  may  be  rendered,  by  additions,  equal  or  superior 
to  the  Lathe  Description  Eighteen,  the  most  elaborate  of  those 

specified. 
It  is  further  to  be  observed  that  the  Lathes  of  the  different  Descriptions, 

One  to  Eighteen,  will  in  any  case  be  modified  to  the  extent  that  may 
be  desired,  by  the  addition,  omission,  or  exchange  of  apparatus  ;  the 
descriptions  and  particulars  of  which  are  more  fully  given  in  the 
subsequent  pages  on  DETACHED  LATHE  APPARATUS. 

No. 
1483 

1484 
1485 

I486 

LATHES  DESCRIPTIONS,   ONE   TO   SIX. 

INTENDED  FOR  THE-  GENERAL  PURPOSES  OF  HAND  TURNING. 

LATHE  DESCRIPTION  ONE. 

Four-inch  center  lathe,  with  iron  heads,  the  mandrel  working  in  a 
collar  and  back  center  of  hardened  steel.  Common  popit  head. 
Rest,  and  one  tee.  No  chucks.  The  above  mor,nted  on  a  frame 
of  beech-wood,  with  plain  wheel    .... 

Five-inch  center  lathe,  as  above   
Six-inch        ......         ... 
Seven-inch            .....  .... 0     0 

0     0 



EL   AMI  CO. '8  OBNKRAL  CATALOGUE,  1844. 

No. 
1.  A  I  IIES— COMPLETE  LATUKS  POR  AMATEURS  continued. 

K  DESCRIPTION  Two. 

U87     Four-inch  center  lathe,  wuli  n<>u  li.-».U,  the  mandrel  working  in  a 
Ur  and  back  center  of  hardened  steel.  Common  popit  head. 

Rest  and  one  tee  ;  key  and  lever.  Six  metal  chuck*,  aud  six  box- 
wood chuck*.  The  above  mounted  on  a  frame  of  beech-wood,  with 

plain  iron  wheel           
Five-inch  center  lathe,  as  above   

noli       

ll.'l 

1492 
1493 
1494 

£     i.    rf. 

Seven-inch 
LATHE  DESCRIPTION  TURKS. 

lathe,  with  iron  heads,  the  mandrel  working  in  a 
collar  and  back  center  of  hardened  steel.     Common  poj.it  head. 
Rest  and  two  tees  ;  oil  can,  key  and  lever. 

Nine  metal  chucks,  and  twelve  box.wood  chuck*. 
The  above  mounted  on  a  frame  of  beech-wood,  with  hard  wood 

bearers,  and  single  bevil  wheel   I  •: 
Five-inch  center  lathe  as  above   I* 
Six-inch     M 
Seven-inch         

I.VTIIB  DncRipnoN  FOUR. 
1495     Four-inch  center  lathe,  with  iron  heads,  the  mandrel  working  in  a 

collar  and  back  center  of  hardened  steel.     Common  popit  head. 

Rest  and  two  tees  ;  oil-can,  key  and  lever. 
Fifteen  metal  chucks,  twelve  box-wood  chucks,  and  six  box- 

wood spring  chucks,  with  brass  rings. 
The  above  mounted  on  a  frame  of  beech-wood,  with  hard-wood 

bearers,  single  bevil  wheel,  and  case  with  drawers  to  contain  the 

apparatus   
Five-inch  center  lathe,  as  above       ........... 
Six-inch      
Seven-inch           ID 

1497 
1498 

LATHE  DESCRIPTION  FIVE. 

1499     Four-inch  center  lathe,  with  iron  heads,  the  mandrel  working  in  a 
collar  and  back  center  of  hardened  steel ;  wooden  pulley,  with 
division  plate  and  index.    Cylinder  popit  head,  with  leading  i 
two  centers,  and  flange  for  boring.     Rest  and  two  tees  ;  oil-can, 
key  and  lever. 

Fifteen  metal  chucks,  twelve  box-wood  chucks,  and  six  box- 
wood spring  chucks,  with  brass  rings. 

The  above  mounted  on  a  frame  of  beech- wood,  with  iron  bearers, 
double  bevil  wheel,  and  a  case  for  the  backboard  to  contain  the 

apparatus   30 
1500     Five-inch  center  lathe,  as  above          -    -35 

1501     Six-inch      I.'. 
1502    Seven-inch          -    -160 

1503 
LATHE  DESCRIPTION  Six. 

Four-inch  center  lathe,  with  iron  heads,  the  mandrel  working  in  a 
collar  and  back  center  of  hardened  steel  ;  wooden  pulley,  with 
division  plate  and  index.  Cylinder  popit  head,  with  leading  screw, 
two  centers  and  flange  for  boring.  Boring  collar  and  guide  for 
slender  turning.  Rest  and  two  tees  ;  oil-can,  key  and  lever. 

Twenty-one  metal  chucks  ;  twelve  wood  chucks,  and  six  box- 
wood spring  chucks  with  brass  rings. 

The  above  mounted  on  a  frame  of  mahogany,  with  iron  bearers, 
double  bevil  wheel,  and  a  case  for  the  backboard  to  contain  tl>. 

1501 

150.'. 

Fivi-i 
Six-inch  — 
Seveiwnch 

lathu  a.*  aln.vi- 

0  0 

0  0 
0  0 
0  0 

0  0 

0  0 
0  0 0  0 

0  0 
0  0 
0  0 0  0 

0  0 0  0 0  0 
0  0 

0  0 

0  0 
0  0 
0  0 
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£    *.    d 

LATHES,  DESCRIPTIONS  SEVEN  TO  TWELVE. 

WITH  TRAVERSING  MANDRELS,  OR  TRAVERSING  TOOLS,  FOR  SCREW  CUTTING  AND 
GENERAL  PURPOSES. 

1505 

1508 

1509 

1510 

1511 

LATHE  DESCRIPTION  SEVEN. 
Five-inch  center  lathe,  with  iron  heads,  common  screw  mandrel  not 

hardened,  working  in  gun-metal  collars  ;  six  gun-metal  screw 
guides,  and  apparatus  for  the  same.  Cylinder  popit  head,  with 
pushing  screw,  two  centers,  and  flange  for  boring.  Rest  and  two 
tees  ;  oil-can,  key,  and  lever. 

Nine  metal  chucks,  and  twelve  box-wood  chucks. 
The  above  mounted  on  a  frame  of  beech- wood,  with  hard-wood 

bearers,  single  bevil  wheel,  and  a  case  for  the  backboard  to  con- 
tain the  apparatus  ..--.-_„--.--- 

LATHE  DESCRIPTION  EIGHT. 

Five-inch  center  lathe,  with  iron  heads,  common  screw  mandrel  not 
hardened,  working  in  gun-metal  collars ;  six  gun-metal  screw 
guides,  and  apparatus  for  the  same  ;  wooden  pulley,  with  divi- 

sion plate  and  index.  Cylinder  popit  head,  with  pushing  screw, 
two  centers  and  flange  for  boring.  Rest  and  two  tees  ;  oil-can, 
key,  and  lever. 

Fifteen  metal  chucks,  twelve  box-wood  chucks,  and  six  box- 
wood spring  chucks,  with  brass  rings. 

The  above  mounted  on  a  frame  of  beech-wood,  with  iron  bearers, 
double  bevil  wheel,  and  a  case  for  the  backboard  to  contain  the 
apparatus  -------------.-.--- 

30     0     0 

LATHE  DESCRIPTION  NINE. 

Five-inch  center  lathe,  with  iron  heads,  best  screw  mandrel  bored 
throughout,  hardened,  and  working  in  hardened  steel  collars  ; 
six  steel  screw  guides,  and  apparatus  for  the  same  ;  metal 
pulley,  with  division  plate  and  index.  Cylinder  popit  head,  with 
leading  screw,  two  centers  and  flange  for  boring.  Rest  and  three 
tees ;  oil-can,  key,  and  lever 

Fifteen  metal  chucks,  and  twelve  wood  chucks. 
Mounted  on  a  frame  of  mahogany,  with  iron  bearers,  double  bevil 

wheel,  and  a  case  for  the  backboard  to  contain  the  apparatus  -  - 

LATHE  DESCRIPTION  TEN. 

Five-inch  center  lathe,  with  iron  heads,  best  screw  mandrel  bored 
throughout,  hardened,  and  working  in  hardened  steel  collars  ;  six 
steel  screw  guides,  and  apparatus  for  the  same  ;  metal  pulley,  with 
division  plate  and  adjusting  index.  Cylinder  popit  head,  with  lead- 

ing screw,  two  centers  and  flange  for  boring.  Rest  and  three  tees  ; 
oil-can,  key,  and  lever. 

Twenty-four  metal  chucks,  twelve  box-wood  chucks,  and  six  box- 
wood spring  chucks,  with  brass  rings. 

Mounted  on  a  double  frame  of  mahogany,  with  iron  bearers, 
double  bevil  wheel,  and  a  case  for  the  backboard  to  contain  the 
apparatus  .-.----  .......... 

50     0     0 

LATHE  DESCRIPTION  ELEVEN. 

Five-inch  center  lathe,  with  iron  heads,  the  mandrel  working  in  a 
collar  and  back  center  of  hardened  steel ;  wooden  pulley,  with  divi- 

sion plate  and  index.  Cylinder  popit  head,  with  leading  screw,  two 
centers  and  flange  for  boring.  Rest  and  two  tees  ;  oil-can,  key, 
and  lever. 

CO     0    0 
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Twenty-one  metal  chuck*.  Twelve  box-wixxl  chuck*.  Sarfaee 
•buck  »ith  r'n^pti 

Slide-rest  for  turning  metal  or  wood,  with  either  twelve  largo 

look  for  metal,  or  twenty-four  small  for  wood.     Simple  apparatus 
catting  •crew*,  by  connecting  the  slide  rest  mud  mandrel  with 

change  wheels,  and  six  screw  tools  for  the  same. 
The  shore  mounted  on  a  frame  of  mahogany  with  iron  bearers, 

double  bevil  wheel,  and  a  case  for  the  backboard  to  contain  the 

apparatus    
LATHI  DESCRIPTION  TWELVE. 

     Five-inch  center  lathe,  with  iron  heads,  the  mandrel  working  in  a 
collar  and  back  center  of  hardened  steel  ;  metal  pulley,  with  ilivi- 
sion  plate  and  index.  C>  I iml.-r  popit  head,  with  leading  screw,  two 
centers  and  flange  for  boring.  Boring  collar,  and  guide  for  slender 
turning.  Rest  and  two  tees  ;  oil-can,  key,  and  lever. 

Twenty-four  metal  chucks.  Twelve  box-wood  chucks,  and  six 
box- wood  spring  chucks  with  brass  rings.  Universal  chuck  with 
three  dies  moved  simultaneously. 

Slide-rest  for  turning  metal  or  wood,  with  either  eighteen  large 
tools  for  metal,  or  thirty-six  small  for  wood.  Complete  apparatus 
for  cutting  screws,  by  connecting  the  slide-rest  and  mandrel  with 
several  change  wheels,  and  twelve  screw  tools  for  the  same. 

The  above  mounted  on  a  frame  of  mahogany  with  iron  bearers, 
double  bevil  wheel,  and  a  case  for  the  backboard  to  contain  the 

apparatus 

£    *.    <L 

80    0     0 

110  0    0 

LATHES,  DESCRIPTIONS  THIRTEEN  TO  EIGHTEEN. 
WITH  APPARATUS  FOB  PLAIN  AND  ORNAMENTAL  TURNING  IN  WOOD,  IVORT,  ETC. 

No. 
1513 

LATHE  DESCRIPTION  THIRTEEN. 

Five-inch  center  lathe,  with  iron  heads,  the  mandrel  working  in  a 
collar  and  back  center  of  hardened  steel.  Cylinder  popit  head, 
with  leading  screw,  two  centers  and  flange  for  boring.  Rest  and 
two  tees;  oil  can,  key  and  lever. 

Fifteen  metal  chucks,  twelve  box-wood  chucks,  and  six  box- 
wood spring  chucks,  with  brass  rings.  Common  eccentric  chuck. 

Common  slide-rest  for  wood  and  ornamental  turning,  with  two 
dozen  tools  for  the  same  and  a  set  square. 

The  above  mounted  on  a  frame  of  beech-wood,  with  single  bevil 
wheel,  and  a  ease  for  the  backboard  to  contain  the  apparatus  -  - 

LATHE  DESCRIPTION  FOURTEEN. 

inch  center  lathe,  with  iron  heads,  the  mandrel  working  in  a 

collar  and  back  center  of  hardened  steel ;  wooden  pulley,  with  divi- 
sion plate  and  index.     Cylinder  popit  bead,  with  leading  screw,  two 

•enters  and  flange  for  boring.     Rest  and  two  tees;  oil  can,  key 

Fifteen  metal  chucks.  Twelve  box-wood  chucks,  and  six  box. 
wood  spring  chucks,  with  brass  rings. 
Common  slide  rest  for  wood  and  ornamental  turning,  two  dozen 

tools  for  the  same  and  a  set  square.  Drilling  instrument  and  two 
dozen  drills  for  ornamenting.  Vertical  cutting  frame,  and  one 
dozen  cutters  ;  and  a  mahogany  tray  for  the  slide  rest  took,  drills, 
and  cutters.  Overhead  motion  for  driving  the  revolving  cutters. 

The  above  mounted  on  a  frame  of  beech-wood,  with  iron  bearers, 
double  bevil  wheel,  and  a  case  for  the  backboard  to  contain  the 

apparatus  -  -    70  0  0 

£    •.  d 

50     0    0 
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1515 

1516 

£    ..    d. 

LATHE  DESCRIPTION  FIFTEEN. 

Five-inch  center  lathe,  with  iron  heads,  the  mandrel  working  in  a 
collar  and  back  center  of  hardened  steel  ;  wooden  pulley,  with  divi- 

sion plate  and  index.  Cylinder  popit  head,  with  leading  screw, 
two  centers  and  flange  for  boring.  Rest  and  two  tees ;  oil  can, 
key  and  lever. 

Twenty-one  metal  chucks.  Twelve  box-wood  chucks,  and  six 
box- wood  spring  chucks,  with  brass  rings. 
Common  eccentric  chuck. 

Slide-rest  for  wood  and  ornamental  turning,  three  dozen  tools  for 
the  same  and  a  set  square.  Drilling  instrument  and  three  dozen 
drills  for  ornamenting.  Eccentric  cutting  frame  to  screw  on  the 
drilling  instrument.  Vertical  cutting  frame,  two  dozen  cutters  to 
suit  the  two  cutting  frames  in  common  ;  and  a  mahogany  case  for 
the  slide  rest  tools,  drills,  and  cutters.  Overhead  motion  for  driv- 

ing the  revolving  cutters. 
The  above  mounted  on  a  frame  of  mahogany,  with  iron  bearers, 

double  bevil  wheel,  and  a  case  for  the  backboard  to  contain  the 
apparatus  .-....----..-.---- 

1517 

LATHE  DESCRIPTION  SIXTEEN. 

Five-inch  center  lathe, with  iron  heads,  screw  mandrel,  bored  through- 

out, hardened,  and  working  in  hardened  steel  collars  ;  six  stee" screw  guides,  and  apparatus  for  the  same  ;  metal  pulley,  with 
division  plate  and  index,  and  segment  stop.  Cylinder  popit  head 
with  leading  screw,  four  centers  and  flange.  Boring  collar,  anc 
guide  for  slender  turning.  Rest  and  three  tees  ;  oil-can,  key,  anc lever. 

Twenty-four  metal  chucks.  Twelve  box-wood  chucks,  and  six 
box-wood  spring  chucks  with  brass  rings. 

Combined  eccentric  and  oval  chuck. 

Slide-rest  for  wood  and  ornamental  turning ;  four  dozen  tools 
for  the  same  and  a  set  square.  Drilling  instrument  and  four  dozen 
drills  for  ornamenting.  Eccentric  cutting  frame  to  screw  on  the 
drilling  instrument.  Vertical  cutting  frame.  Three  dozen  cutters 
to  suit  the  two  cutting  frames  in  common  ;  and  a  mahogany  case  for 
the  slide-rest  tools,  drills,  and  cutters.  Overhead  motion  for  driv^ 
ing  the  revolving  cutters. 

The  above  mounted  on  a  frame  of  mahogany,  with  iron  bearers 
double  bevil  wheel,  and  a  case  for  the  backboard  to  contain  the 
apparatus  .--..-  ...-....-.- 

LATHE  DESCRIPTION  SEVENTEEN. 

Five-inch  center  lathe,  with  iron  heads,  screw  mandrel  bored  through 
out,  hardened,  and  working  in  hardened  steel  collars  ;  six  stee 
screw  guides  and  apparatus  for  the  same  ;  metal  pulley,  with  divi- 

sion plate,  adjusting  index,  and  segment  stop.  Cylinder  popit  head 
with  leading  screw,  four  centers  and  flange.  Boring  collar,  and 
a  guide  for  slender  turning.  Rest  and  three  tees  ;  oil-can,  key, and  lever. 

Thirty  metal  chucks.  Twelve  box-wood  chucks,  and  six  box- 
wood spring  chucks  with  brass  rings. 

Combined  eccentric  and  oval  chuck.     Spherical  chuck. 
Slide-rest  for  wood  and  ornamental  turning.  Additional  appa- 

ratus to  the  same  for  curvilinear  turning.  Complete  apparatus 
for  cutting  screws,  by  connecting  the  slide-rest  and  mandrel  with 
change  wheels ;  cutter  bars  with  detached  cutters  for  external  and 
internal  threads.  Six  dozen  slide-rest  tools  for  general  purposes  ; 
rix  tools  for  the  spherical  chuck  and  a  set  square. 

Drilling  instrument  and  six  dozen  drills  for  ornamenting.  Eccen- 

95     0     0 

130  0 
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trie  cutting  frame  to  •crew  on  tho  drilling  instrument.  Vertical 
cutting  frame.  Four  dwten  eutton  to  suit  the  two  catting  frame* 

eonmoa,  and  a  nuhomy  case  for  the  »lide  rest  tools,  drills,  and 
tters.  Overhead  motion  for  driving  the  revolving  cutters.  Case 

1518 

of  hmnimsati  far  Mtring  straight  and  angular  tools. 
The  above  mounted  on  a  double  frame  of  mahogany,  with  iron 

bearers,  double  bevil  wheel,  and  a  case  with  drawers  to  contain  the 
several  apparatus 

LATHS  DESCRIPTION  EIGHTS**. 

Fire-inch  center  lathe,  with  iron  heads,  screw  mandrel  bored  through. 
out,  hardened  and  working  in  hardened  steel  collars ;  six  steel  screw 

slender  turning.     Rest  and  three  toes  ;  oil-can,  key,  and  lever. 
four  metal  chucks.  Twenty-four  box-wood  chucks,  and 

twelve  box-wood  spring  chucks  with  brass  rings.  Three  transfer 
chucks,  for  adapting  some  of  the  fixing  chucks,  to  all  the  chucks 
for  ornamenting. 

Eccentric  chuck.     Oval  chuck.     Spherical  chuck. 
Slide-rest,  with  cradle  to  set  the  same  for  turning  cylinders  and 

surfaces.  Additional  apparatus  to  the  slide-rent,  for  curvilinear 
turning.  Complete  apparatus  for  cutting  screws,  by  connrrting 
the  slide-rest  and  mandrel  with  change  wheels  ;  cutter  bars  with 
detached  cutters  for  external  and  internal  threads.  Twelve  dozen 

slide-rest  tools  for  general  purposes,  and  six  tools  for  the  sphe- 
rical chuck. 

Drilling  instrument,  and  eight  dozen  drills  for  ornamenting. 
Eccentric  cutting  frame  to  screw  on  the  drilling  instrument.  Uni- 
versal  cutting  frame.  Vertical  cutting  frame.  Horizontal  cutting 
frame,  and  three  spindles.  Six  dozen  cutters  to  suit  the  four  cutting 
frames  in  common.  One  dozen  additional  cutters  for  the  hori- 

zontal cutting  frame  ;  and  a  mahogany  case  for  the  slide-rest  tools, 
drills,  and  cutters.  Overhead  motion  for  driving  the  revolving 
cutters.  Case  of  instruments  for  setting  straight  and  angular 
tools.  Case  of  instruments  for  setting  bead  tools  and  drills. 

The  above  mounted  on  a  double  frame  of  mahogany,  with  iron 
bearers  ;  double  bevil  wheel,  and  a  case  with  drawers  to  contain 
several  apparatus 

£    s.    d. 

190  0     0 

260  0    0 

DETACHED  PARTS  OF  LATHE  APPARATUS. 

To  tuit  the  convenience  of  different  Amateurs,  many  of  the 
taehed  part*  of  Lathe  Apparatus  are  made  of  various  forms 
and  constructions,  tome  of  which  are  very  complete  and  elabo- 
rtitrly  finished  and  others  are  ISM  complete  and  more  •4M 

character.     The  further  par  titular »  of  these  difference*  wUl  be 
given  on  application. 

Frrguent  disappointment  have  been  experienced  by  Amateurs, 
particularly  those  resident  in  foreign  countries,  from  It.  and  Co. 
being  unable  satitfactorily  to  supply  tome  of  the  Detached  parts 
of  Lathe  Apparatus  that  may  be  written  for,  on  account  of  the 
necessity  oftuch  Additional  Apparatus  bring  fitted  to  the  neigh 
bowing  parts  of  the  Turning  Machinery,  with  which  they  are 
required  to  be  associated. 

Much  of  the  inconvenience  has  been  from  time  to  time  sttxpt  awayt 
by  mollifications  introduced  in  ttcrral  constructions,  in  order  to 
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LATHES — DETACHED  PARTS  OF  LATHE  APPARATUS  continued. 

make  such  parts  of  the  Apparatus  more  nearly  independent  of\ 
each  other.  And  to  prevent,  so  far  as  possible,  misapprehension 
and  disappointment,  each  of  the  Detached  parts  of  Lathe  Appa- 

ratus, Nos.  1519  to  1643,  is  followed  by  a  letter  of  reference,  in- 
tended to  direct  attention  to  one  of  the  following  notes  : — 

A. — These  Apparatus  may  be  supplied  independently  of  the  cor- 
responding parts,  and  without  apprehension  of  disagreement. 

B. —  These  Apparatus  may  be  supplied  independently ,  but  a  trifling 
and  unimportant  risk  is  then  incurred  of  their  disagreement ; 
but  which  disagreement  may,  in  most  cases,  be  corrected  by  the 
Amateur  himself. 

C. —  These  Apparatus  can  be  supplied,  provided  certain  mea- 
surements and  particulars  are  previously  transmitted. 

D. — These  Apparatus  can  be  supplied,  in  a  modified  and  nearly 
finished  state,  together  with  instructions  as  to  how  the  Amateur 
mat/  complete  and  adapt  them  himself. 

E. —  These  Apparatus,  as  at  present  constructed,  cannot  be  sup- 
plied, or  at  any  rate,  cannot  be  supplied  in  a  satisfactory  man- 

ner, unless  the  neighbouring  parts  of  the  Turning  Machinery, 
with  which  they  are  to  be  used,  are  transmitted  to  H.  and  Co., 
to  enable  the  new  work  to  be  fitted. 

£    i.    d. 

1519 

MANDRELS,  LATHE  HEADS,  OR  HEADSTOCKS. 

(A.)  COLLARS  AND  MANDRELS  TO  BE  MOUNTED  IN  WOODEN  HEADSTOCKS. 

—  COLLARS  AND  MANDRELS  for  soft-wood  turning  and  common  purposes, 
to  be  mounted  in  detached  wooden  headstocks.  The  collars  and 

mandrels  are  charged  as  follows  : — 
Sizes         -        -      -      8        9       10      12     14      16      18    inch. 
With  outside  screws       27*.  30*.  33«.  36*.  42*.  54*.  78*.  each. 
With  inside  screws         30*.  33*.  36*.  40*.  48*.  60*.  88*.  each. 

The  center  screws  and  pulleys  are  charged  extra. 

1520 

1521 
1522 
1523 
1524 
1525 

1526 

1527 

(B.)  LATHE  HEADS  OF  CAST  IRON  FOR  GENERAL  PURPOSES. 

Three-inch  center  lathe  heads,  not  japanned  ;  the  mandrel  working 
between  a  steel  collar  and  back  center,  wood  pulley;  popithead  with 
center  screw  ;  and  a  rest  with  two  tees  for  hand  turning.  The  Set. 

Four-inch  lathe  heads  as  above    ---------       
Five-inch     ---------       
Six-inch   .--.-.._-   
Seven-inch        ...-.---.       
LATHE  HEADS,  three  to  seven  inch  as  above,  with  metal  pulleys  and 

division  plates,  and  with  common  or  best  cylinder  popit  heads  -  - 
LATHE  HEADS  FOR  HEAVY  METAL  TURNING,  working  either  in  brass 

cylindrical  bearings,  or  in  two  conical  collars  of  steel  after  Cle- 
ments's  method,  and  fitted  with  secondary  spindles,  or  gearing  for 
slow  motion  ..-.--.....----- 

(C.)  LATHE  HEADS,  AND  APPARATUS  FOB  SCBEW  CUTTING. 

COLLARS  AND  MANDRELS  FOR  SCREW  CUTTING,  or  Tunbridge  screw 
mandrels,  for  soft-wood  turners  ;  to  be  mounted  in  detached 
wooden  heads,  after  the  manner  of  No.  1519.  There  are  from  four 
to  eight  guide  screws  cut  upon  the  mandrel,  the  neck  of  which  is 
cylindrical,  so  that  it  may  traverse  through  the  collar  when  the 
back  center  screw  is  withdrawn  ...  From  £  5  10  0  to 
The  center  screws  and  wood- work  are  charged  extra  .  -  - 

N.B.— The  marginal  letters  A,  B,  C,  D,  E,  refer  to  notes  on  page  34. 

7   10     0 
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H O LTZAPFFEL    ft    CO.'S    LIST    OF   TABLE   CUTLERY. 

A  COMPLETE  LIST  OF  UY, 
PEW,  POCBBT.  B»mnimiiX  AND  OTM«»  KNIVU ;  KAtoa*.  ftcu*o*s.  A*O  MIBOILAMIC?* 
Aancun.  wxu.  M  rov«n  on  rAOM  13  TO  16  o»  TUB  Outujki.  CATALOUUB. 
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—                                     No 
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25£ TtoUow*. s 
M.    i.d. 
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>      0    0 
9      i    0 
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3    10    0 
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or  Wood,  either  solid  or  in  halve*  and  rlvetted        .        ..19- 
l  4— 
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6— 

7— 8- 

Warrantod  Knives  and  Fork*  to  nUd  Dandles  of  the  beet  f  ,jj~ 
Natural  Huck  or  Stag  Hom.alw  in  Octagon  Handle*  of  Ox  J  ™ 
Horn.  stained  bUck  or  lei  1  plain     . 

0    10    0 0    IS    0 
0    14    0 

0    16    0 
0    18    0 

1      0    0 
1      0    0 
1      9    0 

0    18    0 
1      0    0 
1      4    6 

1      6    0 

1    10    0 
1    19    0 

9    10    0 

300 

9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0           0 

0  6 
0  0 

0  19  0 

U  13  0 

(
1
3
-
 

14
— 

16- 

LUNOOM  MAOB  HLAOBA. 

In  Irory  UoUROB  Handle*  of  finer  quality        ....     18— 
In  AM  Tiuuparrat  African  Irory  Octagon  HandlM  with  Silvir  )  .„ 

Ferrule*        .                                       (  '* 
IB  fine  Tran*parent  African  Ivory  Fluted  Octagon  Dandle*  )  ~. 

with  SUTcr  Ferrules             l~~~ 

SETS  OF  TABLE  CUTLERY  IN  CASES. 

Tkt  Cattt  *ri  •/  itmkoftmy.  or  Oak,  and  bound  iciU  bran  .  Uuy  art  tiiud  tcitk  txtitt,  and  kart 
teparale  eampartmtemtt  for  taeh  fleet. 

7TU  C*Mt  art  thargtd  a  little  ejttra  VUntd  vitk  elatk  or  tfltk  cotton  relv<t. 

All  tkt  A'liirc/  tupfUied  in  tkttt  Ctuti  Aur<  t,aU:>tceJ  kandltt  ,-  lut  Table  Far  kt,  and  Deutrt  Portu. 
art  not  IntlmU'l  in  (Ac  annexed  I'ricet. 

SeUof  t  down  Table  Knlrw.  t  dosen  Deetert  Knivei.  8  Pairs  of 
Table  Canrens  and  1  Knife  Steel      .                           ... 

Beta  of  4  down  Table  Knives.  3  donn  De*»ert  Knlvea,  S  Pain  of 
Table,  and  >  Pain  of  Poultry  Canren.  and  1  Knife  Sled        .    . 

•ftta  of  6  duexn  Table  Knives.  4  doMa  Dessert  Knlvrs.  3  Pain 
of  Table,  and  3  Pain  of  Poultry  Carvers,  t  Knife  Steel,  and 

»r C«tle,T Ko.it Cuikrv 
:.  1  . 

£.t.d. 9  10   0 

13  IS    0 

a  o  o 

SO    0    0 

Jt.    1.    d. 
19    S    0 

91    0    0 

99    0    0 

40    0    0 

t.  t.  d 
13  10  0 

23  10  0 

J3  0  0 

43  0  0 8*U  of  8  dozen  Table  Knives.  6  down  DesMrt  Knives,  4  Pain 
of  Table  and  4  Pain  of  Poultry  Carvers.  S  Knife  Steel*,  and 

DESSERT  KHIVKS  AND  FORKS  OF  Si                                     ,  m,  AND  COKTAIKED  IN  CASB. 

Jt.  i.d. 4  10    0 f.    ,.  d. 
600 

t.  «,«t 

7  lo  0 10  0  • I   Bete  of  1  dnsra  pain,  variously  ntooatcd  In  Pearl  Handle*     .        . 

»  with  toteaced  handle*  3t.  tb*  doern  ex  tra- 
Knlves  wlthunt  Forks,  on*  third  less  the  down  than  Knlve*  and  Forks, 
New  blades  to  old  bandies  11*.  to  18*.  tb*  down. 
A  fenerml  aasortm«nt  of  fowl.  bam.  and  aeknlur  Carrlng  Knives.  Forks,  and  Steels,  in  Ivory,  buck. 

Mid  •tef-hofn  kflBdta^  pUtfo,  Of  wllli  •rilrcT  roouatinfB. 
Ate  set*  of  Knrvw  for  the  kitchen.  *o,  namely,  asparagus,  batoben".  bread,  batler.  oh*M*.  eooks*  and 

root  knives,  and  et*«J*  j  and  rutlet.  mlaclnf.  and  eteak  cboppers,  with  iron.  born,  or  wood  handle*. 
CrMte.  Initials,  or  Names  engraved  on  tb*  handle*  to  order. 

ry  of  every  description  repaired,  (round,  or  Mt,  and  mad*  lo  any  given  pattern. 

WAKJEUOVSK,  84,  CBAIIXQ  CROSS.]  [MAVvrACTOftY,  127,  Lo»o  Actn. 



APPENDIX  (C.)— TO  HOLTZAPFFEL  &  CO.'S  GENERAL  CATALOGUE. 

COWPER'S   PARLOUR    PRINTING  PRESS. 
MADE  ONLY  BY  HOLTZAPFFEL  &  CO., 

64,  CHARING  CROSS,  AND   127,  LONG  ACRE,  LONDON. 

This  little  Printing  Press  is  made  of  mahogany,  and  stands  in  the  small  space  of 
1 1  by  8  inches.  It  is  capable  of  printing  a  page  7  by  6  inches,  and  works  so  easily 
that  a  child  may  use  it  on  the  parlour  table.  A  small  type  case  accompanies  it, 
containing  a  font  of  about  2500  types,  neatly  arranged  in  three  drawers  with 
appropriate  divisions ;  a  fourth  drawer  serves  for  the  furniture,  inking  tablet,  &c. ; 
and  to  these  are  added  the  necessary  tools,  so  as  to  render  the  whole  complete. 
Should  it  be  required,  the  type-case  will  contain  a  duplicate  supply  of  type  in 
addition  to  that  usually  furnished,  and  which  doubles  the  efficiency  of  the  apparatus 
at  a  slight  additional  cost. 

The  above  apparatus  is  well  adapted  to  the  amusement  and  education  of  youth, 
and  also  to  various  applications  of  the  inestimable  typographic  art  to  the  common 
concerns  of  mankind. 

For  example. — Companies,  institutions,  and  individuals,  have  found  it  convenient 
for  circular  letters,  invoices,  and  papers,  subservient  to  the  despatch  and  methodical 
arrangement  of  business  ;  naturalists  and  travellers  for  short  memoirs  of  scientific 
researches,  or  labels  for  specimens  ;  the  friends  of  education,  for  disseminating 
original  and  other  papers  ;  wood-engravers  for  examining  the  progress  of  their 
blocks  :  practical  printers,  for  proofs  of  title-pages,  stereotype  plates,  or  cards  ;  and 
nearly  every  different  pursuit  will  suggest  some  new  application  of  this  little  Press. 

LIST  OF  PRICES. 

SECTION  I. — COWPER'S  PARLOUR  PRESSES  AND  APPARATUS. 

COWPER'S  PARLOUR  PRINTING  PRESS,  with  a  galley-chase,  a  box  of  ink,  a 
composition  inking  roller,  and  a  distributing  tray  .  ..... 

SMALL  DEAL  TYPE  CASE,  painted,  with  four  drawers  ;  three  of  them  partitioned 
to  contain  an  assortment  of  about  25<X)  types,  and  a  proportionate  supply  of 
leads  and  brass  rule  ;  the  fourth  drawer  contains  reglet,  furniture,  side  and 
foot  sticks,  quoins,  &c.          .......... 

SET  OF  EXTRAS— comprising  transfer  composing  stick,  bodkin,  forceps,  mallet, 
shooting-stick,  plauer,  brush,  and  turpentine  for  cleaning  the  type,  two  quires 
of  demy  printing  paper,  cut  into  suitable  sizes  for  the  press,  and  one  pair  of 
damping  slates  ............ 

GALLEY  CHASE  seven  inches  square  inside  .         ,    

Total  charge  for  the  Plain  Parlour  Prett  and  Apparatut  complete 

COWPER'S  PARLOUR  PRINTING  PRESS,  japanned  and  finished  in  the  best 
manner,  and  fitted  with  a  drawer,  in  other  renpects  as  above  .... 

SMALL  MAHOGANY  TYPE  CASE,  with  brass  lock  and  handles,  in  other  respects 
as  above  ............. 

SET  OF  EXTRAS,  comprising  Transfer  Composing-stick,  &c.,  as  above    . 
GALLEY-CHASE  seven  inches  square  inside   ........ 

Total  charge  for  the  Beit  Parlour  Prett  and  Apparatut  complete 

DUPLICATE  SET  OF  2WO  TYPES,  and  which  may  be  contained  in  cither  of  the 
above  cases  ...    
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APPENDIX  (C.)— TO  Mm  I.  &  CO>  i    CATAIXXJUE. 

run-K  1.1-1  01 LPPARATD8— 
si  <    I'll  is    II  >ouc*r  PKKMK*  AMD  ArrtntTt'*. 

roLIOPoOLaCAr  I'M  MINI,  i  i  i  ~>.  ..ii  ii.r  j.i,mi,.i,...f  <  .wper-n  Parlour  Preea, 
•ulubU  to  printing  the  h.lf  .l.r,  t  .  f  Konlavap.  or  the  quarto  aheet  of  Imperial. 
M*Mur*BM»l  of  UM  k*d  U  by  10  mob**,  The  prea*  varnlabcd  and  japanned. 
complete.  with  two  Iron  ehane.  regMer  potato.  *c.  ..... 

LAKUB  l»KAL  TYPE  CASK,  with  .U  drawer.,  and  meaanring  externally  M  tea*** 
by  eighteen.  M4  1  1  inch**  high,  with  lro»  handle*.  look  and  key.  Pour  of  the 
drawer*  are  parti  Uoned  after  UM  Fritter*  •Mthofl  tor  holding  MM  type*  a*  UM 
fallowing  TwMJv.—  GKBAT  Pawn  ROHAN.  ipielaiMi  No.  •—»!*,  rmpluu, 

i  and  quadrate.  PICA  ROMA*.  No.  13;  large  and  *m*ll 
eapttala.  lower  o>*»  (email  Utter*),  with  accented  »owcU  for  printing  th«  fcveign 
language*.  fWure*.  potato,  *paer*.  quadrate,  and  (pace-line  lead*,  complete 
BOVMMM*  ROMA*.  No.  17  ;  capital*,  figure*,  potato,  ipacw  and  quadraU. 
BOUHOCOU  AUTWJO*.  No.  S3 ;  eapltola.  flxurM.  potato.  apMM  and  qtudraU, 

Two  of  tawdnwwv  oosutn  cpMa-UiM  UMU.  fnrnl  tur*.  tkto  and  footoUehk,  4«oiaa. 

and  milet ;  alao  a  mallei,  •bootlnf.itkk.  planer,  bodkin,  printer'. 
Mick  M  «»cke»lonf.  bnwh  fjr  cleaning  UM  type.*  pair  »f  tlilck 
*c..  all  proportioned  to  UM  aiM  of  the  Poolacap  rrcw   

Wx  loch  ocunpoalifc-n  Inking  roller  In  frame  and  oaee   
Large  box  of  Hiperflne  printing  Ink   

Total  ekeryt/or  Utt  Folio  FooUcap  Prtit  mud  Apparalui  in  tke  Itti  tompUtt/orm 

FOLIO  FOOLSCAP  PRINTING  PRESS,  exactly  like  the  one  but  deacrtbed.  but 
with  UM  following  addiUoM.  namely,  an  Iron  bed  half  an  Inch  thick,  planed 
quite  lorel  and  true,  to  Increaee  UM  permanent  accuracy  of  the  PuoUoap  Prew, 

aad  an  Iron  oounterpulae.  to  facilitate  the  working  of  the  MM  '  .  . 
LARGE  DEAL  TYPE  CASE  with  eight  drawer*.  •Imllar  to  UM  caw  with  *lx 

drawen  above  deecribed.  but  three  faehee  higher,  and  ooatainlng  a  oooaiderably 
greater  rapply  of  each  of  the  kind*  of  type  •pcclflrd  in  the  foregoing  deecrlp 
tion.  together  with  UM  addition  of  Great  Primer  No.  9,  lower  caae  Irtten.  Ptoa 
Italic  No.  U.  capital*,  lower  caae  letter*,  potato,  and  •paoea,  and  Htmrgeota 
Antique  No.  93.,  lower  caae  letter*,  making  the  total  number  of  type*  aoout 
17.0UU;  together  with  a  proportionate  lucre***  of  *pace  line  lead*,  furniture. 
*c..  and  with  the  addition  of  91  piece*  of  bra**  rale  of  three  varietlc*  . 

•x  Inch  oonpoaiUon  Inking  roller,  in  frame  and  caao   
Large  box  of  Miperflne  printing  Ink   

Composing  frame  of  deal,  to  receive  the  drawer*  of  the  type-cat*  when  In  uae      . 
Inclined  galley  of  mahogany  with  rnoreable  bottom   
Pour  extra  chaae*.  two  of  them  with  i 

Total  ekarye/or  tkt  Folio  Pooltcap  Prett  and  Apparatut  In  tkt  mart  complete  form 

I.AMOEII    PBESStt  ON  TH«   SAME   nUMCtPL*. 

FOLIO  DKMY  PRINTING  PRESS,  with  Iron  bed  and  counterpoise;  suitable  to 
printing  the  half  sheet  of  Demy.  Measurement  of  the  bed  80  by  13  inches, 
The  prea*  varnished  and  Japanned,  complete,  with  two  otusee.rBglsleT  points.  Ac. 

BROADSIDE  FOOLSCAP  PRINTING  PRESS,  nude  entirely  of  iron,  and  provided 
with  screw  adjustment*  to  regulate  the  pressure  as  required  ;  suitable  to 
printing  the  whole  sheet  of  Foolscap.  Measurement  of  the  bed  JO  by  IS  Inches, 
complete,  with  four  chases,  register  points.  *c.  . 

Type  caisne  of  rariou*  •!>*•.  and  with  any  required  selection  of  types.  Mould*  for 
casting  roller*.  Tools,  die.,  to  order. 

I'l'iN   III. — CASK*  FOR  ADDITIONAL  Tvrics. 
SMALL  TV  IT.  TK  A  V,  10  by  «  Inches,  with  a  (election  of  about  800 

type*  of  small  siM.  of  ettberof  the  numbers  17  to  80   

•\\  l-K  BOOK  15  by  lStachea.wiUia**lectloaofabout  1*W  type*, eomprietag 8  rart»- 
Ue*of*nialltype*lorhes^iat*.c*^a.&o..aad^*orib*dta|)*^Uofp*japhle* 

LARGE  TYPK  TKAY  ii  by  S4  Inchea.  partitioned  after  the  mode  of  the 
office,  for  containing  larger  quantities  of  type  of  any  kind 

•  It.i'.i,- 

I  -.  !•:    '   VSR  of  deal,  painted,  uniform  to  *i*e  with  the  Small  Deal  Type 
CMO.    The  Munks  Type  CM*  cnotain*  four  drawer*,  partitioned  to  reedve  an 
Maortment  of  VMM  mMte  type*,  of  «oo  different  kind*.  •*  dewrtbed  on  page  40 
of  the  pamphlet.    The  ca«  with  mualc  typea  comptot*  . 

II  vM)  •  M\HK,lnapatat^c«^wlUic«^loo.roUa«,li»k,a»dtokingtr*y      . 

Ltd. 

4    14 

•    9    0 

..  I-    .. 

,,     .1    ,, 

770 

18  10 

0  10 U  • 

0  I* 
0  I* 0  10 

«7     I     9 

18  18    0 

0  15  0 

•  t  t 

t  7  t 

5  U    • 

•  U    0 1'IUM  IN  \  US  FOR  THE  USE  OF  AMATEURS. 
A  pampkirt  containing  full  aavrf  pr*ctital   i*ilr*eti**i  for  Ukt  •«*    «/Cbwpwi* 

PKIHTIMO  !•*•*•.  aUo  Ikt  ItteripH**  */  liroer  prttitt  M  On  i»me  printiftt,  *m4  MrtetM  tllxr 
apparel**  /or  <»«  Amatfur  Tfpogr»pitrT  —Tlu  pampkltt  eontaim  ttkneiir  mmmtromt  rptt,mr»i 
of  |Wai«  *»-l  ornamental  tfftt,  or*ti   rulei.  ek*<kt.  •vr*Vr».  vrmmmtntt,  ronttrt,  armt.  jt.  4< 

Tftirif  Edition,  ftfVg  ratarynf.     Hro.  clot*.  frUt  It.  M. 



APPENDIX  (F.)_TO  HOLTZAPFFEL  &  CO.'S  GENERAL  CATALOGUE. 

HOLTZAPFFEL  &  CO.'S 

PEN-HOLDER  FOR  ENFEEBLED  HANDS. 

'THE  Pen-holder  for  enfeebled  hands  was  invented  for  the  use  of  those  persons 
who,  from  age,  rheumatism,  gout,  stiffness  in  the  joints  of  the  fingers,  defects  in 

the  nerves  of  the  hands,  paralysis,  or  other  infirmity,  are  deprived  of  the  free  use  of 
the  fingers,  so  that  they  cannot  hold  a  pen  in  the  customary  position. 

The  instrument  is  represented  in  three  views :  in  the  center  as  closed  for  the 
pocket ;  on  the  left  as  opened  for  use  ;  and  on  the  right  in  the  act  of  being  used. 

The  shaft  of  the  Pen-holder  for  enfeebled  hands  is  held  quite  vertically  in  the 
central  part  of  the  hand,  and  grasped  by  the  whole  of  the  fingers  ;  this  position  the 
most  infirm  can  usually  command.  The  lower  extremity  of  the  shaft  is  allowed  to 
rest  firmly  upon  the  paper,  and  thereby  support  the  hand,  whilst  the  socket  that 
actually  receives  the  pen  or  nib  is  jointed  to  the  vertical  shaft  at  about  the  angle  of 
45  degrees,  and  is  pressed  on  the  paper  by  a  feeble  spring,  so  as  to  assimilate  in  the 

closest  manner  to  the  action  of  the  ordinary  quill  pen.  The  Pen-holder  for  enfeebled 
hands  will  be  used  with  more  freedom  when  neither  the  hand  nor  the  arm  rest 

upon  the  paper,  but  the  little  finger  should  almost  touch  the  sloping  socket. 

The  Pen-holder  is  adapted  to  receive  a  gold,  steel,  or  quill  pen,  at  the  option  of 
the  individual ;  and  the  instrument  may  be  carried  in  the  pocket  as  an  ordinary 

pencil-case.  The  purpose  of  the  screw  at  the  bottom  of  the  holder  is  to  adapt  the 
length  of  the  vertical  shaft  to  the  projection  of  the  pen,  as  when  the  latter  touches 
the  paper,  the  length  of  the  central  shaft  should  be  such  as  just  to  give  the  shaft 
the  vertical  position.  Whereas,  if  the  pen  should  project  too  much,  or  too  little, 
it  will  be  needful  to  incline  the  shaft  to,  or  from,  the  individuul,  which  it  is  desirable 
to  avoid. 

Price  of  tlie.  Pen-holder  Jor  Enfeebled  Hands,  in  Silver,  with  Everlasting 
Gold  Pen,  U.  16s. 
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