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At   some   of   the   Welsh   iron   works,   coke   and

anthracite   coal   in   certain   proportions   have   been

tried,   and   at   others   a   mixture   of   bituminous   and

anthracite   coal  ;   but   in   almost   every   instance,   I

believe,   the   products   have   been   of   an   inferior

quality,   and   it   is   only   since   the   introduction   of

the   hot   blast   that   anthracite   coal   alone   has   been

rendered   available   in   the   reduction   of   the   ores.

It   is   now,   however,   generally   adopted   in   the

anthracite   districts,   and   several   works   have   re-

cently  been   erected   for   the   manufacture   of   iron

by   this   new   process.

Before   entering   upon   the   examination   of   the

specimens   experimented   upon,   I   would   first   pre-

mise  a   few   observations   on   the   nature   and   proper-

ties  of   the   fuel   from   which   they   were   produced.

Mr.   W.   R.   Johnson,   Professor   of   Chemistry

and   Natural   Philosophy,   of   Pennsylvania   College,

Philadelphia,   has   paid   great   attention   to   this

subject,   and   by   a   careful   analysis   of   the   American

coal,   has   given   the   products   of   the   anthracite

formation,   as   found   in   Luzerne   county,   Pennsyl-

vania.  The   American   anthracites   so   nearly   re-

semble  those   of   our   own   country,   both   as   re-

gards  their   properties   and   appearance,   that   I   shall,

before   concluding   this   part   of   the   subject,   make   a
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few   extracts   from   Professor   Johnson's   inquiries,

in   order   to   compare   them   with   similar   carbo-

naceous  deposits   found   in   the   Swansea   basin,   and

other   parts   of   South   Wales.   In   the   latter   dis-

tricts,  as   at   Aberavon,   Hirwin,   &c.,   the   beds   of

anthracite   alternate   with   the   bituminous   forma-

tions,  sometimes   composing   the   uppermost   strata,

but   in   most   cases   underlaying   the   bituminous

coal.   In   some   positions   they   pass   into   very   thin

laminae,   and   in   others,   the   layers   are   so   intermixed

as   to   form   the   coal   e7i   masse.   They,   however,

vary   in   quality,   according   to   the   district   where

they   are   found.   The   lower   veins   of   the   Bute   col-

liery,  at   the   Hirwin   and   Plymouth   iron   works,

according   to   Mr.   Mushet,   are   partly   anthraciteous,

containing   a   greater   or   lesser   degree   of   anthra-

cite  matter,   accompanied   with   certain   proportions

of   bitumen   or   carburetted   hydrogen.

The   coal   at   the   Yniscedwyn   and   Ystalyfera

-works,   in   the   Swansea   valley,   is   entirely   anthracite,

containing   nearly   the   same   proportions   of   carbon

as   are   exhibited   in   Professor   Johnson's   experi-

ments  on   the   American   specimens.

The   purest   Welsh   anthracite   coal,   such   as   the

Yniscedwyn,   Ystalyfera,   and   the   lower   stratum

of   Xeath   Abbey,   contains   about   90   per   cent   of
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carbon,   and   the   remaining   ten   parts   are   composed

of   carburetted   hydrogen,   carbonic   oxide,   and   some

earthy   matter.   Out   of   two   specimens   sent   me

from   the   Ystalyfera   works,   the   following   results

were   obtained  —

Loss   at   a   red   heat,   yielding   a   little

carburetted   hydrogen   5.4

Ashes,   greyish   white     4.6

Carbon  90.0

100.0

From   this   description   of   fuel,   we   derive   the

best   qualities   of   anthracite   iron.

At   the   iron   works   of   Vezille,   in   the   canton   of

Launure,   near   Grenoble,   large   sums   of   money

(500,000   francs)   were   expended   in   the   construc-

tion  of   works,   and   in   making   experiments   for   the

fusion   of   the   earthy   carbonate   of   iron,   by   the

anthracite   of   Launure.   These   works   were   in

progress   from   1824   to   1828,   when   they   were

abandoned,   the   proprietors   being   no   longer   able

to   contend   against   obstacles   which   seemed   insur-

mountable.  Many   interesting   results   were   never-

theless  obtained   from   the   experiments   made   at

the   time.

The   ashes   of   this   anthracite   gave   the   following
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constituents,   the   analysis   being   a   mean   of   experi-

ments on  a  large  quantity  :

Silex  58.4

Alumina     40.0

Lime  1.6

100.0

M.   Robin   gives   the   depth   of   the   beds   as

varying   from   five   to   twenty-one   yards  :   the   coal   is   a

perfect   black,   has   a   slight   metallic   lustre,   and   its

fracture   is   conchoidal,   when   made   in   the   mass.  —

Its   density   is   very   great,   and   by   reason   of   its

great   compactness,   it   kindles   with   difficulty,   and

consumes   slowly.

The   same   properties   are   observable   in   the

analysis   of   the   Welsh,   and   also   of   the   American

anthracites,   all   of   which   exhibit   peculiar   features,

as   to   their   density,   and   their   resistance   to   com-

bustion.

These   coals   will   pass   through   a   smelting   fur-

nace,  exposed   to   intense   heat,   for   a   period   of   48

hours,   with   no   other   apparent   change   than   their

surfaces   being   slightly   calcined.   When   these

specimens   are   broken,   the   interior   fractures

exhibit   the   same   black   lustre   as   is   observable   in

the   raw   material.
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Out   of   three   specimens   of   American   anthracite

coal,   analyzed   by   Professor   Johnson,   the   following

products   were   obtained  —

"   Specimen   No.   1,   when   heated   to   a   temperature   suf-

ficient to  expel  the  water  which  it  contains,  without

decomposition,   lost   per   cent  1.915

When   the   dried   coal   is   ignited   to   redness   for   some

time   in   a   close   vessel,   it   yields   carbonic   oxide,   and

carburetted   hydrogen   with   a   small   portion   of   sul-
phur          5.068

The   remaining   fixed   carbon   is  88.187

Earthy   matter   4.83

per   cent.,   viz.,

Silica      2.589

Alumina     1.772

Peroxide   of   iron  270

Lime  138

Magnesia  .052

^   Protoxide   of   Manganese  .009

100.000

From   the   latter   numbers   it   will   be   perceived,   that   of   the   fixed

ingredients   or   ashes   of   this   coal,   100   parts   will   be   composed  —
Of   Silica   53.604

,,     Alumina   36.687

,,     Peroxide   of   iron  5.590

„     Lime     2.857

,,     Magnesia  1.076

„    Protoxide   of   Manganese...        .186

100.000

The   ashes   of   this   coal   are   of   a   yellowish   white,   or   very

light   buft'   colour,   and   very   bulky."

3  X
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In   speaking   of   No.   1,   specimen,   Mr.   Johnson

describes   it   as   a   compact   structure,   giving

conchoidal   fractures   in   all   directions,   apparently

indifferent   to   the   surface   of   deposition,   which   are

manifested   only   by   alternating   lines   or   seams   of

bluish   black,   and   jet   black,   which   mark   the   suc-

cessive  layers.   He   states   the   appearance   to   give

the   idea,   that   the   surfaces   have   been   in   a   great

measure   obliterated,   while   the   whole   mass   was,

from   some   cause,   in   a   semi-fluid   state.   The

specific   gravity   is   stated   at   1.591   or   991   lbs.   to

the   cubic   foot.

No.   2,   specimen,   experimented   upon   by   Pro-

fessor  Johnson,   gave   a   specific   gravity   of   1.574,

or   98^   lbs.   to   the   cubic   foot,   and   yielded   85.909

per   cent,   of   carbon.

No.   3,   specimen,   was   found   to   have   a   specific

gravity   of   1.55   or   96|   lbs   to   the   cubic   foot  ;   and

carbon,   not   volatile   at   a   white   heat,   equal   to

90.705   per   cent.

The   above   analysis   not   only   shows   the   compo-

sition  of   this   description   of   fuel,   but   exhibits   the

density   and   compactness   of   its   structure.   It   also

affords   evidence   of   its   fitness   for   the   smelting
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furnace,   and   its   adaptation   to   purposes   where   a

great   heating   power   is   required.   This   description

of   coal,   although   well   known   for   many   years   to

the   miners   and   iron   manufacturers   of   South

Wales,   has,   nevertheless,   been   much   neglected,

and   its   valuable,   as   well   as   economical   properties

almost   entirely   overlooked   by   them,   from   the

circumstance   of   their   inability   to   burn   it.

Mr.   Martin,   in   1804,   made   the   first   attempt   to

use   anthracite   for   the   fusion   of   iron   ore,   but   with-

out  any   satisfactory   results  ;   twenty   years   after-

wards,  other   trials   were   made   to   form   a   conglo-

merate  coke,   composed   of   anthracite   and   bitumi-

nous  coal,   but   these,   like   the   former,   were   unsuc-

cessful.  Mr.   Crane,   of   the   Yniscedwyn   iron

works,   was   the   first   to   introduce,   exclusively,

anthracite   for   the   purpose   of   smelting  ;   first   by

its   introduction   to   the   cupola,   and   subsequently

to   the   smelting   furnace,   by   the   use   of   the   hot

blast.   Mr.   Price   of   Neath   Abbey,   also   made

several   experiments   on   this   mineral,   and   found

that   about   8   cwt.   of   bituminous   coal,   coked   in

ovens,   mixed   with   25   cwt.   of   anthracite,   gave   one

ton   of   iron   ;   effecting   a   saving   greater   than   any-

thing  yet   accomplished   by   the   hot   blast,   and   the

common   coal.
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The   Ystalyfera   ores   are   reduced   in   the   same

manner   as   those   at   Yniscedwyn,   chiefly   or   entirely

by   anthracite   coal   in   the   raw   state.   The   process

is   as   nearly   as   possible,   the   same   as   that   used   at

coke   furnaces,   the   charge   being,   coal,   5   cwt.,   and

mine   (according   to   the   working   of   the   furnace,

and   the   quality   of   iron   to   be   produced),   from   6

to   8   cwt  —  the   average   proportion   of   limestone   as

flux  —  being   nearly   one-third   of   the   quantity   of

mine   used.

Mr.   Thomas   Bevan,   of   the   Ystalyfera   works,   in

handing   me   specimens   of   the   iron   ore,   stated   that

he   attaches   no   importance   to   the   specific   gravity

of   the   minerals.   Some   of   the   ores   have,   however,

been   analyzed,   three   of   which   are   as   follows  —

No.   1,   Specific   Gravity,   3.358,   yielding   iron   28.70   per   cent.

2,         „   „          3.417,          „   „      20.35        „

From   the   above   it   will   be   seen   that   although

the   specific   gravity   of   all   the   specimens   is   nearly

alike,   yet   the   degree   of   richness   varies   consider-

ably  ;   No.   3   specimen   yielding   nearly   double

the   quantity   of   iron   to   No.   2.

The   analysis   of   the   specimens   sent   by   Mr.

Bevan,   is   as   annexed.
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Silicate   of   alumina    
Alumina     
Lime
Magnesia
Iron   
Manganese     
Sulphur
Carbonic   acid   and   water   ...
Oxygen   with   iron

Ditto   with   manganese...
Total   found
Loss     

Having   ascertained   the   constituents   of   the

anthracite   formations,   and   their   fitness   for   the

smelting   furnace,   it   now   becomes   necessary   to

direct   attention   to   the   properties   of   the   iron   made

from   this   fuel.   On   a   former   occasion   forty-  nine

different   sorts   of   the   British   irons   were   experi-

mented  upon  ;   they   were   carefully   tested,   and

the   results   (accompanied   with   considerable   detail)

have   since   been   printed   in   the   society's   Memoirs.

The   anthracite   irons   have   undergone   a   similar

treatment  ;   and   the   experiments   having   been

conducted   under   the   immediate   superintendence

of   my   friend,   Mr.   Hodgkinson,   I   have   no   hesita-

tion  in   vouching   for   the   accuracy   with   which   they

were   made.
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The   bars   having   been   cast   as   before,   1   inch

square,   were   placed   on   supports   4   feet   6   inches

asunder   ;   and   by   the   usual   method   of   suspending

weights   from   the   middle,   the   strengths,   deflec-

tions,  elasticities,   &c.   were   obtained,   as   follows  —

No.   1.

WELSH   IRONS.

Yniscedwyii   Anthracite,   No.   1,   Pig   Iron,   Hot   Blast.

Experiment  \st.
Depth   of   bar  1.017
Breadth   of   do  1.014
Distance  between

supports   4ft.   6in.
Weight  of  bar  5  feet  long,

151bs.  6oz.

28
56

112
224
336
392
448
459

.077

.150

.330

.656
1.065
1.320
1.568
broke

.005

.013

.022

.070

.135

.255

,  Ultimate  deflection,
=  l.fil6.

Experiment  2n(l.
Depth   of   bar   1.026
Breadth   of   do  1.  010
Distance  between

supports  4ft.   6   in.
Weight  of  bar  5  feet  long,

ISlbs.  6^oz.

o  >
11

+
.015
.021
.066
.130
.250

.  Ultimate  deflection,
1.664.

Experiment  3rd.
Depth   of   bar     1.02.3
Breadth   of   do  1  .015
Distance  between

supports     4ft.   6in.
Weight  of  bar  5  feet  long

ISlbs.  lOoz.
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No.   II.

WELSH   IRONS.

Yniscedwyn   Anthracite,   No.   1,   Pig   Iron,   Hot   Blast.
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No.   III.
WELSH   IRONS.

Yniscedwjm   Anthracite,   No.   2,   Pig   Iron,   Hot   Blast.
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No.   IV.
WELSH   IRONS.

Yniscedwyn   Anthracite,   No,   3,   Pig   Iron,   Hot   Blast.
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No.   V.

WELSH   IRONS.

Ystalyfera   Anthracite,   No.   1,   Pig   Iron,   Hot   Blast.
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No.   VI.

WELSH   IRONS.

Ystalyfera   Anthracite,   No.   1,   Pig   Iron,   Hot   Blast.



OF   ANTHRACITE   CAST   IRON. 545

m

CO  Tf  oj
00  o  ̂ 00
!M  (M  Oi

QO  CC   -^
Ci  "  ̂ 05
Tr  »o  vo

tf

~-<  Ci  ay
o  i^  c^
to  CO  CO
GO  00   00

 ̂    05
"S  2  o
o  &i  a,

3     *     05
<n

«
s  §

-   s   s

•^5   =
.S  foVo
^  *i    •

i.  3  '-'

Ol      C      ti      <H
'-'  (M  CO
c  "c  c
a>  oj  oi
s  .s  a

"S  'E  *E
a>   a>  oi&■  Oh  O^
><  X  p<

MUM

3  z



546 INQUIRY    INTO   THE    STRENGTH

No.    VII.

WELSH   IRONS.

Ystalyfera   Anthracite,   No.   2,   Pig   Iron,   Hot   Blast.

Erperiinent  1st-
Depth   of   bar  1.040
Breadth   of   do  1.026
Distance  between

supports  4ft.   6in.
Weight  of  bar  5  feet  long,

1.51bs  12oz

■a    Eh
fi'S

.005

.011

.049

.100

.197

.279

.  Ultimate  deflection,
=  1.742.

Ei-periment  2nd.
Depth   of   bar   1.022
Breadth   of   do  1.04G
Distance  between

supports  4ft   6   in
Weight  of  bar  5  feet  long,

ISIbs  lOoz

o";

+
+

.014

.050

.120

.250

.-.  Ultimate  deflection,
=  1.679.

Experiment  3id.
Depth   of   bar     1.01s
Breadth  of   do 1  .04  1
Distance  between

supports   4ft   6:
Weight  of  bar  5  feet  long,

151bs  9oz

Ultimate  deflection,
=  1.804.
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No.   VIII.

WELSH   IRONS.

Ystalyfera   Anthracite,   No.   2,   Pig   Iron,   Hot   Blast.
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No.   IX.

WELSH   IRONS.

Ystalyfera   Anthracite,   No.   3,   Pig   Iron,   Hot   Blast.
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No.   X.

WELSH   IRONS.

Ystalyfera   Anthracite,   No.   3,   Pig   Iron,   Hot   Blast.
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After   the   preceding   experiments   were   made,

Mr.   Richard   Evans   forwarded   from   the   pro-

prietors  of   the   Ystalyfera   iron   works,   other

samples   of   the   iron,   Nos.   1,   2,   and   3,   which,   I   was

informed,   were   made   with   anthracite   coal   alone,

whilst   the   first   samples   were   smelted   with   anthra-

cite,  mixed   with   a   small   portion   of   bituminous

coke.   In   both   cases   a   blast   of   heated   air   was

used.   Feeling   desirous   of   ascertaining   the   com-

parative  strength   of   the   iron   in   the   two   cases,   I

cheerfully   acceded   to   the   wishes   of   the   proprie-

tors,  and   had   experiments   made   upon   the   second

sample,   precisely   similar   to   those   made   on   the

first.



OF   ANTHRACITE    CAST   IRON, 0^lt>

0-*

2  °  °  =  '
rc  czi  c^i  C".
:^i  t-  o  t^
lO  KO  rt<  CO

lO  '—  O  'f
XI  V5  ro  — '
ic  Tf  c  ̂ cc

CO  GO   't  1:7
06  OC'   O  -^
r  ̂ cTi  J.  ̂ (M
ro  fo  CO  ■*

0000
O  >0  QC  vo
•o  m  -^  c)
CO  CD  I-  ̂ CO
t  ̂ CO  —  -f
O  iM__  O  X^
-f -  ̂ ^"  CO

!>.  CO  (M  IC
_   CO   — ■  l^
Cj  c^l  --;  p
■,0  1-  ̂ t-  ̂ t-^

M   c   c  ■^
-  ̂ iM  CO  -^

^tS   J3

•IIOJJ  'I  -Oh^

J^l  vo  CO  >0
CO  00  (  ̂ -r-
O  CO  >-o  -H

CO  (N  CO  eo
CO  O  00  o
t  ̂ »C  'M   >0

-N  CO  !N  X
-i  CO  O  CO
-ti  -*  CO  -*
CD  t  ̂ CD  CO

Tf    -H     »0    t~
CO  -t-  (M  I^J

^1  -tr   ̂ "^
-  ̂   -  ̂   -  ̂   KO
(N  O  CO  t^
lO    Tf    "*    TP

o   c   o   o
0000
X  J>;  -  ̂ -^^
IC  GO   O  (N
CO  !M  -  ̂ -H

>o  vo  10  >o

t-  ̂ (T>;  CO  Tf
--  10  "+  CO
CTi  f>  ̂ cr.  CTi
rr  >o  -  ̂ 'i<

o  (  ̂ 00  05
O  •*   !M   »0
CO   CO   CO   C'

0000
O  10  o  >o
p  c^^[  -g-_  ̂ o
00'  CO  00'  co'
t  ̂ !M  31  CO
X  00   pw  00
00  r-^t  ̂ 06

-N  CO  O  —
o;  >.o  CO  X
'M  rN  "  CO

4J  'C  -73  ^X  c  t-  *j
-  ̂ C^l  CO  ■*

N

•llOJI  'g  -oj^ •uo.li  'c •ON

.a
S  .J

3  K



556       INQUIRY   INTO   THE   STRENGTH

At   the   conclusion   of   my   former   paper   in   this

volume,   I   gave   a   general   summary   of   results

comprising   the   strength   and   other   properties   of

forty-nine   sorts   of   British   irons.   They   were

ranked   according   to   their   relative   strengths,

taken   from   the   mean   breaking   weights   of   bars   one

inch   square,   placed   upon   supports   4ft.   Gin.   asunder.

The   strongest   being   marked   No.   1,   and   the   others

according   to   their   respective   ranks   in   the   scale.*

On   this   occasion   it   will   be   necessary   to   follow

the   same   rule   as   that   formerly   used,   and   to   collect

the   results   from   the   experiments   on   the   anthracite

iron,   into   a   similar   form.

I   have   found   these   summaries   of   considerable

value   in   judging   of   the   different   kinds   of   iron   ;   and

if   they   were   generally   used,   and   taken   as   a   guide

by   the   architect   and   engineer,   I   have   every   reason

to   hope   that   improper   mixtures,   as   well   as   the   use

of   improper   material   in   castings,   would   be   pre-

vented.

*   The   irons   experimented   upon   were   mostly   obtained   from
the   makers   or   their   agents  ;   and   if   any   iron   should   be   misre-

presented, or  not  have  had  full  justice  done  to  it,   it  will
afford   me   great   pleasure   to   rectify   the   defect   or   omission.
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In   estimating   the   value   of   any   particular   iron,

it   must   be   remembered,   that   its   resistance,   or

rigidity   under   strain,   is   exclusively   the   criterion

of   its   strength,   but   not   the   measure   of   its   utility.

Some   irons   of   the   very   first   quality   exhibit   weak-

ness  under   strain,   but   possess,   at   the   same   time,

great   richness   and   fluidity,   accompanied   with

elastic   powers   of   no   ordinary   description.   For

example,   the   Ystalyfera   No.   1,   first   sample,   is   an

iron   of   this   character,   and   although   inferior   to

other   irons,   as   respects   strength,   it   has,   neverthe-

less,  great   flexure,   the   ultimate   deflection   being

2.252,   which   is   greater   than   that   of   any   other   iron

I   have   yet   experimented   upon.   In   its   powers   to

resist   impact,   it   approaches   nearly   to   the   Gart-

sherrie,   Ponkey,   and   Elsicar   irons,   the   numbers

being  —

Gartsherrie   No.   3=998   '

Ponkey      No.   3=992     !   Powers   to   resist

Elsicar  No.   2=992    [   impact.

Ystalyfera     No.   1=973   ,

No.   1   of   the   Ystalyfera   second   sample,   is

inferior,   both   as   regards   strength,   and   its   powers

of   resisting   impact.

On   comparing   the   results   in   the   last   table

with   those   in   the   List   of   the   General   Summarv,
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at   the   conclusion   of   my   former   paper,   we   find

that   the   iron   from   the   Yniscedwyn   works   has

considerable   strength.   No.   1   stands   as   No.   14

in   the   general   summary,   and   has   only   two   irons

of   the   same   number   before   it.   No.   2   stands

No.   6   in   the   list,   and   is   stronger   than   any   other

iron   of   the   same   number.   No.   3   stands   No.   5

in   the   list,   having   only   four   others   in   advance

of   it

On   the   whole,   the   Ystalyfera   iron   has   less

strength   than   the   Yniscedwyn,   but   the   first

sample   of   it   possessed   toughness   in   a   high   degree;

it   was   very   flexible,   and   resisted   impact   with   great

tenacity.   The   second   sample   was   stronger   than

the   first,   but   offered   less   resistance   to   a   blow.

The   mean   results   from   the   first   and   second

samples   of   this   iron,   give   410,   468,   and   472,   for

the   strengths   of   Nos.   1,   2,   and   3   respectively,   the

first   of   these   standing   as   No.   45,   the   second   as

No.   12,   and   the   third   as   No.   11,   in   the   General

Summary.

It   may   not   be   improper   to   mention,   that   the

parties   connected   with   the   Ystalyfera   iron   works,

have   had   other   experiments   made   upon   their

own   account  ;   the   strengths,   as   given   by   these
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experiments,   are   greater   than   those   obtained   from

either   of   the   samples   which   I   have   received.   I   am

unable   to   assign   the   cause   of   the   difference   which

exists,   and   can   only   observe,   that   the   preceding

experiments   were   conducted   with   the   greatest

care,   and   the   utmost   attention   was   paid   to   every

circumstance,   however   minute,   in   order   to   obtain

correct   results.

In   conclusion,   I   would   observe,   that  —  ^judging

from   the   experiments  —  I   consider   the   use   of

anthracite   coal   rather   favourable   than   otherwise

to   the   manufacture   of   iron   ;   and   provided   some

well   conducted   experiments   were   made   to   ascer-

tain  the   requisite   proportions   of   flux   and   ore   to

this   description   of   coal,   much   might   be   done   to

improve   the   quality   of   the   iron,   and   to   bring   into

useful   operation   a   valuable   and   important   mineral

production.
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At   the   close   of   the   year   1818,   I   read   an

epitome   of   my   meteorological   observations   for

the   preceding   twenty-five   years  :   these   were   after-

wards  printed   in   the   third   volume   (new   series)   of

the   Society's   Memoirs.*   Such   a   lengthened

series   of   observations   could   not   fail   to   suggest

inferences   of   a   theoretical   nature   ;   some   of   these

*   In   the   essay   above   alluded   to,   I   had   occasion   to   refer   to
the   transactions   of   tlie   Royal   Society   of   London   for   a   series
of   observations   of   the   like   nature   ;   and,   upon   a   comparison
of   those   with   my   own,   I   found   reason   to   believe   that   the
Royal   Society's   observations   and   calculations   from   them,
exhibited   marks   of   carelessness   which   rendered   them   by   no
means   trustworthy.   I   intimated   the   same   in   a   note   (see   page
490   of   the   above-mentioned   volume.)   Some   time   after   this,

4  B



Fairbairn, William. 1842. "An Experimental Inquiry in to the Strength and
other Properties of Anthracite Cast Iron." Memoirs of the Literary and
Philosophical Society of Manchester 6, 524–560. 

View This Item Online: https://www.biodiversitylibrary.org/item/52268
Permalink: https://www.biodiversitylibrary.org/partpdf/305143

Holding Institution 
Natural History Museum Library, London

Sponsored by 
Natural History Museum Library, London

Copyright & Reuse 
Copyright Status: Public domain. The BHL considers that this work is no longer under
copyright protection.

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 3 June 2023 at 13:07 UTC

https://www.biodiversitylibrary.org/item/52268
https://www.biodiversitylibrary.org/partpdf/305143
https://www.biodiversitylibrary.org

