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COMBINATION OF IRON AND CAREON.

CHAPTER XYV.
CARBON AND IRON.

Tue mutual relations of Carbon and Iron is a subject which, until com-
paratively recent years, had not been systematically investigated, While
the peculiar characteristics possessed by steel have been recognised from
the very earliest times, yet the explanation of the phenomena of harden-
ing, tempering, and annealing, constituted problems the solution of which
became possible only by the higher development of more exact pro-
cesses of chemical analysis, and investigation involving the application of
technical skill of a high order, It was not until 1781 that the chief cause
of the phenomena referred to was shown by the Swedish chemist Bergman
to be the presence in steel of varying, though small, amounts of Carbon,

Many and varied were the recipes of early writers for the treatment of steel,
but all knowledge of the subject was empirical, the nature of the fluid em-
I}lnyed for quenching being regarded as the secret to successful treatment.

he constitution and behaviour of steel formed a wide field for the speculations
of supporters of the doctrine of Phlogiston, and the eminent chemist Stahl,
while recognising the essential identity of iron and steel, held the belief
that the difference lay solely in the relative richness of the latter in” Phlo-
giston. The developments of physical chemistry have led us to regard
changes occurring in solid matter, such as steel, as due to molecular
disturbances.

These modern views were foreshadowed in a remarkab
mur, who regarded steel as containing in its molecules Sulphurs and Salts
which by heating were driven out from the molecules into the interstitial
Spaces, and that by sudden cooling the particular conditions existing at any
temperature were preserved. Bergman, to whom reference has already
been made as having established the fact that steel differs from iron in con-
taining small amounts of Carbon, also conceived the possibility of the iron
itself being allotropic at different temperatures. Although anticipating
in a remarkable manner the views of modern workers, as will be shown
later, Bergman seems to have been influenced, in common with other

writers of this period, by the necessity of adhering to the conception of
Phlogiston.

The Direct Combination
of Bergman’s statement with re

le manner by Reau-

of Iron and Carbon.—The verification

spect to iron and Carbon quickly followed
when Clouet, as pointed out by Sir W. Roberts-Austen, melted a small

iron crucible containing a diamond and obtained as the result a fused
mass of steel. The question of the possible effect of furnace gases was
eliminated by Pepys, who, in 1815, heated iron wire with diamond dust
. vacuo, while later Clouet’s experiment has been repeated by 8Sir W.
Robe{‘ts-Austen, who used electrolytic iron and performed the opera-
bon in vacuo. As to the possibility of direct carburisation of the iron
there can be no doubt, but it would seem, as the result of this experi-
ment, that combination does not take place until a full red heat is reached.

15 disposes of the assumption made by Le Play and early writers that

# cementation of iron necessarily involves the action of Carbonic Oxide,
and shows that Carbon may diffuse into and combine directly with iron.
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Limits to the Amount of Carbon taken up by Iron.—In the
molten state, pure iron is capable of dissolving up to about 7 per cent. of
Carbon, but on solidification only 2 per cent. is held in solution, and in
alloys containing more than 2 per cent. the excess over this separates on
golidification. The total amount of Carbon, however, retained on soldifica-
tion depends in a great measure on the purity of the alloy ; and the presence
in any considerable quantity of other elements, such as Manganese, may
greatly increase the amount of (Carbon retained.

Condition of Carbon in Iron.—The earliest evidence as to the
condition in which Carbon exists in iron was that adduced by Faraday,
who, in 1822, established the fact that at least two different conditions
existed in quenched and annealed steel respectively, the former dissolving
completely in dilute Hydrochlorie Acid while the latter left a carbonaceous
residue. Caron* -worked on similar lines, and ghowed that rolled steel
gave a larger amount of carbonaceous residue than hammered, and stated
that the amount obtainable was proportional to the time of annealing.
Rinman, in 1865, proposed to assign names to the two forms of Carbon
existing respectively in quenched and worked steel, and in blister and
uuworked (annealed) steel. To the first he gave the name “hardening "
Oarbon, and to the second “cement” Carbon. Karsten also recognised
these forms, and also Graphite. He regarded cement Qarbon as a Poly-
carbide of Iron. This idea of the existence of Carbides of Iron has long
prevailed in the minds of chemists. Berthier was of the opinion that &
Carbide, FeC, existed, while Berzelius believed in the existence of Carbides
FeC, and Fe,Cy

Karsten, moreover, supposed the condition of the Carbon in hardened
steel to be identical with the Polycarbides of white iron. The existence
of a definite Carbide of Iron in annealed steel and white iron was firsh
established by Abel, who, by means of Chromic Acid solutions, isolated &
Carbide of the general composition Fe,C.

Miiller obtained a residue from Bessemer steel which was pyrophoric.
Following this came work on the thermal effects produced by dissolving
in acid, steels differently treated, with a view to determining whether this
would throw any light on the Carbon condition. Tn annealed and hardened
steels it was shown that the higher the Carbon percentage the less was the
amount of heat evolved on solution, and hence it is to be supposed that the
separation of the Carbon from the iron results in an absorption of heat.

In the hardened state more heat is evolved than in the annealed con=
dition, but in considering the Carbon in steel which has been cold-worked,
difficulties arise. Abel has shown that cold-working does not produce
hardening Carbon, although the amount of heat evolved is nearly as great
as in case of quenched steels; in the case of cold forged steel the heab
evolved is the same for steels containing *17 or *54 per cent. of Carbon, which

seems to show that no relation exists between the total percentage of

Carbon and the heat evolved.

It is possible that Carbon may exist in steel in various forms and coms
binations, but Graphitic Carbon, Cement Carbon, and Hardening Carbon
are accepted by all metallurgists.

Graphitic Carbon.—This is comparatively rarely found in steels, and
then in small quantities only, and is confined almost entirely to cast iroms
When molten iron has taken up more carbon than the solidified metal 18
able to retain, the excess is found as Graphite on the metal solidifying. 18
is attacked neither by boiling Hydrochloric nor by Nitric Acid (sp. 88
120).

*Percy’s Metallurgy
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following are the results they arrived at, as detailed in a paper read before
the Ohemical Society * :—

(1) “That the existence of a Carbide of iron possessing the formula
Fe,C, as discovered by Abel and Miiller by -independent methods, is
fully confirmed.”

(2) “That the normal Carbide exists in two forms identical in chemical
composition—(a) a diffused Carbide scattered in microscopic granules, or
very small plates, throughout the iron in normal steel, yielding, -on
isolation, a greyish-black powder; (b) a crystalline Oarbide arranged in
comparatively large distinct plates in well-annealed steel: these plates,
which occur chiefly in the form of well-marked striee, consist of almost
‘chemically pure Fe,C, are identical with the microscopical lamins of Dr.
Sorby’s ¢pearly constituent,’ and yield, when isolated, bright silver plates.”

(3) « That the percentage of the total Carbon obtained as Carbide is greater
in hard than in mild steel, the yield being, in normal numbers, as follows:—

For iron containing 100 per cent. C, 92 per cent. ; loss, 8 pér cent.
50 » U » w3 "

” "
0-25 74, P

» ” »

»

(4) “That the above loss does not appear to be due to decomposition,
but rather to the presence of an unstable sub-Carbide of iron (containing
less Carbon than the normal compound), existing to the extent of about
95 per cent. of the total Carbon in mild steel, and capable also of existing
%o the same extent in hard steel, after the latter has been heated for some
time at a white heat.”

(6) “That the loss being practically the same in well-annealed steel
as in the normal metal, it cannot be due, as supposed by Ledebur, to the
presence of hardening Carbon.” .

(6) “That the Carbon in hardened steel exists as a feebly combined
and extremely attenuated Oarbide, leaving, on isolation, a residue com
sisting mainly of Hydrate of Carbom, mixed to a slight extent with

normal Carbide of iron. Whether the large loss of Carbon (about 50 per:

cent. of the total) occurring during the galvanic decomposition of hardened
steel is due to the presemce of a large percentage of sub-Carbide, or ta

evolved Hydrocarbons formed by the action of nascent Hydrogen on finely- =

" divided, free, or feebly combined Carbon, there is no conclusive evidence
to show, although the evolution of gas from hardened steel does nofi
perceptibly exceed that from unhardened samples.”

7) “That in steel high in Manganese a portion of the iron may be
replaced by Manganese, and that the double Carbide is less stable than
that of iron alone, especially in normal steels.”

In a paper read before the Iron and Steel Institute by Messrs.
B. D. Oampbell and M. B. Kennedy t some interesting results are given
on the separation of Carbides from annealed white iron. From very pure
white iron which had been subjected to long annealing the authors obtained,
on dissolving the iron by electrolysis, a Carbide residue which could be
separated by mechanical sifting into a coarse and a fine portion. The
former contained less Carbon than the latter, and although varying
somewhat in analysis approximated to the formula, F'e,C, while the latter
gave results corresponding nearly to the formula, Fe,C. The chemical
behaviour of the two Oarbides was almost identical, but Fe,C seemed t0

be less soluble in Potassium Cupric Chloride and Hydrochloric Acid than =S

the Fe,C, although not to a marked extent. The authors are of opinion

* Journal of the Chemical Society, vol. 1xv., p. 788, 1894.
+ Iron and Steel Inst. Journ., 1902, vol. ii.

. or indirectly, when the steel is subject
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These particular colours for the given purposes are simply those which
have been arrived at as the result of experience, and have been found
broadly to give the best practical results ; but different workmen will
vary the * tempering” to suit their special conditions. The word temper,
when used as a verb, always means this modifying of the hardness, but as a
noun it is frequently used in a different sense, to indicate the grade of the
steel. Thus when a steel is spoken of as high, low, or medium temper, it
does not mean that it has been tempered at a high, low, or medium tempera-
ture, or that it is of a certain degree of hardness, but that it is a high, low,
or medium Carbon steel, and is a steel capable of taking a high, low, or
medium degree of hardness in quenching. Thus 16 Carbon steel would be
spoken of as high temper, and 3 Carbon as low temper. On the other
hand, when a steel is said to have taken a certain ‘“temper,” it means
that it is hardened to a definite extent. It is important to bear these
distinctive meanings in mind, as, otherwise, they are liable to lead to
confusion.

In hardening and tempering, the steel to be operated upon should be
carefully and uniformly heated to a red heat (about 850° 0.), and quenched in
water. The surface is then filed bright, and carefully and gradually heated
on a hot iron plate, the surface of molten lead, a fusible alloy, or in any
other convenient way, until the surface coloration indicates that the required
temperature has been reached, when the material must be removed imme-
diately and either immersed in water or oil, or allowed to cool in the air. In
many cases where the whole of the metal is required of the same degree of
hardness air cooling is quite satisfactory, but in cases where only the cutting
part of a tool requires tempering it is not unusual to quench the cutting
edge and temper it by the heat conducted from the unquenched end: in this
case, directly the cutting edge shows the required colour, the whole tool
must be quenched, as otherwise the heat from the hot end will continue to
fow and will make the cutting edge too soft. It is this property which
Carbon steel possesses of hardening and tempering which distinguishes it
from wrought iron and from very mild steel.

Influence on Tensile Strength,—The influence of different percentagea
of Carbon on the tensile strength and other physical properties of steel, is a
question which has been the subject of investigation by various metallur-
gists,. In 1895 Professor Arnold* gave the results of a very complete
research on a set of extremely pure steels varying from ‘08 per cent.
Carbon to 147, The author repeated these experiments on a gimilar seb
of pure steels under somewhat different conditions as to heat treatment,
and, so far as the general mechanical effects are concerned, confirmed
Arnold’s results. Below are given the analyses of both sets of steels with
the tensile tests, and for comparison the tenacity and elongation curves are
shown diagrammatically together on the two diagrams (figs. 248 and 249).
It will be seen that the general character of the tenacity curves is very
gimilar, the maximum stress in the case of the author’s bars being reached
at a somewhat lower point, about 1 per cent. Carbon, as against 12 in
#he Arnold curve. This is accounted for, however, by the somewhat slower

cooling to which the former annealed bars were subjected. In considering
these curves the author’s bars, annealed at 900° C. for thirty minutes and
slowly cooled, must be compared with Professor Arnold’s normal bars heated
to 1,000° and cooled in air ; and the author’s soaked bars, heated for twelve
hours and slowly cooled, with Professor Arnold’s annealed bars, heated for
seventy-two hours at 1,000° C. and slowly cooled. Professor Arnold’s
» ¢ Influence of Oarbon on Iron,” Min. Proc. Inst. Civil Engineers, vol, cxxiiiiy
1895-96.

annealed bars
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: long to remove the straina TN ! contains ‘89 per cent. of Carbon it is found to consist entirely of Pearlite,*
& Sely th}&lt h_avia bee]r; h?;ﬁzde&I;Iyaz?oﬁc;gglgal?; ;giecreases as the Carbon - and this point has been called by Professor Arnold the saturation point,
Eiue to mechanica wor4.5 & %n -08 Carbon steel to about 3 or 4 per If the percentage of Carbon is increased the Micro-constituent, Cementite,
1nc|;ea'ses flr'omf ?bSOH(;}arbor}JZ;‘eglen 3 4 separates out, and if the Carbon is decreased free Ferrite appears.
cent. in case of 1 steel. e : :

The effect of heating, broadly speaking, is to lower the tenacity and

increase the duetility, but the results obtained vary with the heat treatment, 1 .
and this will be more fully dealt with in Chap. xviii. on Heat Treatment. b Professor Arnold’s Results. Normal Bars.
In the curves of steels which have been subje,ct;ed to prolonged heatmg, k- :
both in Professor Arnold’s and in the author’s results, there is a very = : . TABLE LXTIL—Tensite Tests oF Bars HEaTep 10
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1302 129,100 2148 | 48,100|45-00|7116 Elastic limit |
15°84 135,500/ 2784 | 62,350|33:50 |60-24| for bars 3; 6,
17°28 138,300| 29-46 | 66,000/3250 | 5484 7, and 8 was
1803 40,400/ 32+46 | 72,700/ 2800|4626 | so doubtful
o 4320 96,780/16°50 | 2586 | that result
50°40 (112,900| 1120 | 15'84 | notrecorded,
5112 1114,700| 10-00 | 1542
44:52| 99,760/ 550 558 |Brokeat gaugo
point ; frac-
ture finely
crystalline

Fig, 249.—Normal Arnold curve comparable with annealed curve, Harbord ; and
ot Arnold annealed curye with soaked curve, Harbord,
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noticeable point bet\vgerld'87 and 1 per cent. of Carbon at which the :
i stress is attained. . :
ma}},ltznii:le elongation curve there is also a break, as up t(i tilkl)s Gpomtv:]rle._
ductility has been gradually decreasing, when it suddenly e:?]mls.5 pe{'
slightly to increase again, and goes on steadily increasing un-m_ > I
cent. Carbon is reached. These changes in mechanical pmpeltfes e
spond to a very definite change in microscopical structure, as when e
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* See Chap. xix, on the Microstructure of Steel,
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Professor Arnold’s Results. Anmealed Bars,

Tapre LXV.—Bars Hrarep to asovr 1,000° C. For 72 Hours AND
ALLowep 10 Coorn 18 Furnace ror 100 Hours.

Elastic Limit. ‘ Maximum 8tress.
| |

Carbon| | |
per Tons Lbs. Tons Lbs.
Cent. | per per | per per
Square | Square | Square | Square
Inch, | Inch. | Inch. Inch.

Fracture.

19,750 | 18-34 | 41,000 | 52-7 | 767 | Grey granular silky edges.

[
|
20,200 ‘ 21:25 | 47,610 % ' ’” 1 » "

21,280 | 2502 | 56,040 e S
25,460 | 31'87 | 71,400 f *3 | Crystalline.
37,650 | 3669 | 82,180 ‘5| 4 %
36,280 | 32-87 | 73,650 " ‘
24,200 | 22-33 | 50,000
\

i1 »

———oo0o0oo
e opehed d S
- S D D — @

Dark ,érey fibrous.

Author's Results. Soaked Bars.

TABLE LXVI.—Hgrarep ror Twernve Hours At 7 95° C. AND
Arrowep To CoonL 1IN MUFFLE.

Elastic Limit. Maximum Stress.
T Elonga-
'otal tion per
Treatment. | Carbon. ] Henb A
Tons per | Lbs. per | Tons per | Lbs, per | "o 1pg,
8q. In. 8q. In. 8q. In, 8q. In.

1| 0130 | 0454 | 11666 | 26,150 | 20°000 | 44,800 | 42-50
2 | 0:180'| O~ 7:625 | 17,080 | 27-750 | 62,170 | 2950
3 | 0-254 | 0445 | 15°806 | 35,400 | 28-180 | 63,120 | 3100
4 | 0468 i 11761 | 26,350 | 29-308 | 65,800 | 30°50
5
6
/i
8

&
£

temperature o
720° C.

hours
at

0722 | 0 16-163 | 36,200 | 38-113 | 85,380 | 21-00
0-871 | 0455 | 15276 | 34,200 | 39-386 | 88,200 | 19°50
0947 | 0 14114 | 31,620 | 33784 | 75,670 | 23:50
| 1:306 | 0-452 | 11687 | 26,170 | 33375 | 74,750 | 26:50

Twelve
soaking

The results of Professor Arnold’s compression tests show that the flow of
material decreases gradually, both in the normal and annealed bars, until the
point ‘89 per cent. of Carbon is reached, when, in the case of the former,
there is a very slight decrease to 1'5 per cent. of Carbon, and in the case of
the latter the compressibility goes on increasing until, with 15 per cent.l,cf-
Carbon, it is greater than that of nearly Carbonless steel. In steel which
has been hardened by rapid cooling in water from a high temperatureé,
according to Arnold’s results, ‘89 per cent. Carbon again marks the poink
of least compression, there being practically no change between this and
15 per cent. ,

Metcalf * states that the compressibility of steel goes on decreasing a8
the Carbon increases until cast iron is reached, and other metallurgists take

the same view, but how far these are founded upon systematic experiments

with pure Carbon steels without the disturbing influence of other elements i
is difficult to say.

The author is not able to give any results showing the variations 108

* Manual for Steel Users, p. 46.

them, which in the case of

INFLUENCE OF CARBON ON HARDENING.

hardness of steel due to increasi
§ icreasing percentages of Carbon in pure Carb
steels, but the results obtained by Wahlberg, using Brinell’s }Fa,rdness t;snt

e contai ® ew} v ]YI g le 1Enbages Of E)lllc()ll avﬂd
o1 & Setl Of Ste ]S tra ning som ]at a n

= 1y
Manga-n&se are &1 ven belo W.

TABLE ILXVIL—I
-~—INFLUENCE OF THE PERCENTA
GE OF CARBON ON TH
HarpENING CaPACITY (BrINELL'S Resuvrs) :

Chemical Compogition. Hardness Numbers

Materia
Ko. J

! Hardening

Quenched | Capacity.
Annealed.| in Water
+20° C.

Per cent. | Per cent, | Per cent, | Per cent.

) 0020 0026 97 149
0-0156 0027 115 196
0012 0+028 143 311
0-015 0027 166 402
0018 0:028 194 555
0011 0028 2356 652
0:010 0°028 202 578
0:011 0028 231 652
0-012 0026 258 627
0510 0027 262 627
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tainri[:]: ;:eﬂue_réce of rapid cooling from high temperatures on steels con-
e rd per cent. of Oarbon'ls very marked, the tensile strength
incremen’ta?n éambost ma.rk;d reduction of the ductility is found for every
; rbon, as s t i i

. : own by the decrease in elongation and reduc-

The following results were obtained on heating to 900°

water :— C. and quenching

TABLE LXVIIL—Hgzarsp o 900° C, AND QUENCHED IN WaTER AT 15° O

Analyses, Elastic Limit. Maximum Stress. Elonga-
Steel | —— tion  [Reduction

per cent. | of Area Remarks,
per cent,

Total | Tons per | Lbs, ;
. per | Tons per| Lbs.
' Carbon. |8q. Inch, | 8q. Inch. | &g, Ingh. Sql?sln%?{ 211.‘1):31%.

P

24:30 | 54,500 | 32:34 | 72,480 | 2820 | 76-06 |ItWasnot pos-
59'92 111,850 650 | 3528 sible to get a
7032 | 157,500 | 880 | 1344 | reliable elas-
o | 15544 | 124,200 | 100 | 964 | bic limit for
61'98 | 138 840 1+00 9-55 | anybar below
12604 58,320 2:00 216 No. 1. Gene-
12160 48,400 nil il ral analyses
givenin table

e Lvii.
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The ical pr i i
mechanical properties vary with the initial temperature of heating
=]

and the rapidity of i
: y of cooling. They may be r : i
heating or tempering to various temyperatytrlres. el & e e

In : ;
ﬁca]lyﬂ(lgﬁggfl s Magnetic Properties.—It is well known that prac-
5 nless steel cannot be permanently magnetised, and that
ron and Steel Inst. Journ., No. 1, 1901, p. 267. : »

The irregular results obtained with these samples were

Yarped duting the quenchin due largely to their having

g, and the first result of applying the ] i
Nos. 6 and 7 caused them t};pbgea.k of]i53 sﬁ)j:lt.w i
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the Carbon increases so the power of retaining magnetism increases, and that
this power of retention is increased by hardening. Arnold, as the result
of his experiments, found that the magnetic permeability varied inversely
as the Carbon present, and that permanent magnetism 1n hardened steels
was directly proportional to the Carbon present up to -89 per cent., after
which there is no change up to 15 per cent. Carbon. On heating the hardened
steels for thirty minutes at 300° C. the permanent magnetism was reduced
to about one-third in the case of -2 Carbon steel, and remained practically
constant until 89 per cent. of Carbon was reached. After passing this point
there was a further reduction of nearly 50 per cent.

I+ must be borne in mind that all the above results as o the magnetic and
general physical properties of Carbon steels refer only to steels of the highest
degree of purity, containing practically nothing but Carbon and a little
Manganese, and that these results are largely modified by the presence of
very small quantities of Silicon, Sulphur, Phosphorus, or additional Man~
ganese, or by any variation in the heat treatment. Professor H. M. Howe *
has shown how variable these results are by tabulating a large geries of
results obtained by different investigators, and how difficult, if not impossible,
it is to draw any definite conclusion as to the effect of Carbon on tensile
strength and other properties of commercial steels, unless fullest details as
to composition and treatment are known, and especially is this so in the case
of the low Carbon steels up to 0-3 per cent. of Carbon.

Constitution of Steel.—Before considering the various theories which
have been advanced to explain the changes induced in steel by heat treat-
ment, and by sudden cooling or quenching, it will be necessary to describe
the remarkable phenomena observed during the heating or cooling of
steel, as they bear a most important relation to some of the theories
advanced.

On heating up a specimen of steel and then allowing the sample to slowly
cool, it is found during the cooling that there are certain points at which,
instead of the cooling proceeding normally, heat is evolved. These points
are known as the critical points, and, thanks to M. Osmond’s researches,
aided by the wonderfully accurate pyrometer which we owe to the genius
of M. Le Chatelier, we have now a complete record of them for specimens,
ranging from the softest electrolytic iron to the hardest steel. On heating
up the sample there are, of course, the reverse phenomena to those observed
during cooling—that is, at certain points there is an absorption of heat,
causing a retardation in the rise of temperature. The points at which these
changes take place are designated A, those observed during heating up are
designated Ac, whilst those observed during cooling are known as Ar. The
points at which the retardations take place during heating up corl'espon.d
exactly with those obtained on cooling under theoretical conditions of equili-

brium, but under ordinary conditions of heating and cooling Ac; and Aey
are found to be some 20° to 40° higher than Arg and Ary, whilst Ac, and Arg
always occur at approximately the same temperature. It has been showi
by Professor Howe that, in order to induce the retardation Ar—or, rather s

the change that such retardation implies—the steel must first be heated

past the point Ac; and, reciprocally, the change which occurs at Ac cannob
take place unless the steel has first been cooled to a point below Ar. 1688
found that in pure iron there are two critical points during cooling, Ary

Ar,, whilst in low Carbon steels there are at least three well-recognised critical :

* Metallurgy of Steel, p. 13, et seq.

THE SOLUTION THEORY,

points, Arg, Ar,, and Ar,,
Carbon.

In medium steels the points Ary and Ar
asnéi the Ar; p((‘)mf; becomes much stronger
89 per cent. Carbon there is only a si i '

: )or y & single point cor i
and 1n steels containing more than -89 perr'—cen% L‘ur}fc?;rﬁi{:)ondil ntg o

ot : ) ent. WO polnts agai
observable, one corresponding to Ar; and a higher one, Ar . cor ﬂ:e dﬁfim
to t%]el Sefp?lmt[‘on of massive Carbide or Cementite S
! 1 ( 8.
ollowing give the approximats temperatures at which the maximum

evolution of heat takes place durin i
. g th ying C
content through the critigal ranges i— TR 3 ook vy O

the last being associated with the presence of

s are combined in a single point,
+ In eutectoid steels containing

E Ar,. Arg, Ar,.

Pure iron, . :
0-12 per cent. C., gg{lu e
0-24 per cent. C., g A X 820

0-53 per cent. C.,

0-89 per cent. C., - = o
1-31 per cent. C., . . 883

The point Ar, is nil in the cas ; i i
§ > case of carbonless iron, but increases in i
: ' : I b mportanc
:; feh?ncﬁﬂ-)ém in }‘.he sample increases, being practically the only poinl;p obsel;(\?-?
ik fa;ungtfg ; I; is, t}ﬁerefore, clearly a function of the Carbon present
! nd that above the point Ar, the Carbon is in th ing
Carbon, whilst below this point it is i s it e
rbon, st point it 18 in the state of cement Carb
Which is combined with iron in the f e Cubide Pell T
h iron 1 » form of the definite Carbid
true state of the hardening Carbon is not known. It is;llr rlolf‘ 51'0306 b
as (iarbade of Iron dissolved in the iron. Shogtoie
n regard to the critical points, it has
jard i : also been shown by M.

:2:;:38 slow'erﬂ the heating the lower the temperature at whﬂ*h thgstgl:r?:
ion takes place, and that the slower the cooling the higher th
part;frurfe of the reverse transformation. a .

ofessor H. Le Chatelier summed u ' isti
i ' : p the chief characterist:
ﬁéﬁti}icé S:gp;:cs thus :f—The point Ac, is now known to be almosltc?d:lititel!
e disappearance of magnetism in iron; it is i i
absorption of heat, and its positi Jron; 1% 18 accompanied by a slight
. ) s position varies little, being little affected by &
neiitzf- heatlflg._ The reverse change Ar, occurs at nearly the smneb)tsetrg‘.a
P e on cooling. The point Ac, is characterised by a sudden change

In the law of variations of the electric resistance, which is then ten times

greater than at ordinary temperatures, but which practically ceases to

Increase above this critical 1
L al temperature. This phenome i
. ; non, lik

!m%iscencef_l_s affected by the rate of cooling or ofpheatintr. vhes
- (:) fcgﬁhllewi'tmn of tl]?e a.l)ove, and other e.\:pel‘im&tﬂl work, has led

lan, r leading metallurgists to form th clusi iron exists i
QR s leading gus e conclusion that iron exists in

ropic forms under different conditi ratur i

B, oome o onditions of temperature, mechanical

pha.zehsu?o rmé)ch:r_n1 \'i?vs a8 t[? the constitution of steel involve two distinet
es { onsideration : that which has for its obj .
B nide 8 8 object the study of the
and other elements to iron, and ti i
other ¢ 1at concer ;
mﬁl:i‘chular Chun%es occurring in the iron itself. : e
e Solution Theory.—The recent study of the molecular changes

ocurri i i ised i
tring during the cooling of carburised iron and of metallic alloys gener-
s o




