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INTRODUCTION

The presence of iron carbide in steel has caused it to
be the object of maeny investigetions. Its formation and
decomposition have been studied in various gaseous mixtures
and under widely different conditions. DBecause of the dig~
agreement of various investigators concerning the stsbility
of iron csrbide it is desirsble to have an exact knowledpe
of the free enerpgy change sttending the formation of the
compound from its elements ss this will give some additionsl
information eoncerning the stablility from a thermodynamic
viewpoints If the free energy of the compound is less than
that of its elements, it would be stasble, but if greater we
should expect 1t to be unstable or metastable. _

The free energy, F, of a substsnce is defined by the
equation,

F=Z H—T 8,
where H is hest contont, T is sbsolute temperature, and S is
entropy. Por a reaction at constant temperature the Iincresase
in free energy, AF, will be:
AF = AH - TAS.
when a compound is formed from its elements, -/H 1z called

the ﬁaat of formetion and may be found by subtracting the
heat of combustion of the compound from the sum of the heats
of combustion of the elements in the compound.

4 8 may be found by subtracting the sum of the entropies
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of the elements from that of the compound. To obtain & for
esch substance we make use of the third law of thermody-
namics, whieh states,g "Every substance has a finite posi-
tive entropy, but at asbsolute gero the entropy of a sub-
stance may become zero and does so become in the case of
pure c¢rystalline substances.” If an infinitesimal amount
of heat, dg, is sdded at constant pressure st any tempers-
ture, T, the incroase ﬁn entropy is:

— 4q __ geam
a8 = 5 = T

where G, 1s the heat cspacity at constrnt pressure.

The entropy at any temperature 1is, therefore,

(N

§= 8 —~ §= 'T?dT,

sinee 8, = 0, by the third lew of é%ermodynaﬁies.

The hest of formstion of iron carbide and the entropy
of iron snd of carbon have been determined. With a know-
ledge of the heat capacity of iron carbide one could deter-
mine 1ts entropy and calculate the free energy change sttend-
ing its formation from the elementa of which it is compoged.

Since there is a possibility of some difference be~
tween the properties of iron carbide in the free state and
g8 it exists in astesl, the present investigation is cone-
cerned with the hest espacity of the carbide in steel samples,

83 such data would be of more practical significance.



HISTORICAL

The Heat of Pormation of Iron Carbide

The heet of formstion of iron cerbide has received con-
siderable attention. In a recent article ¥aeser;; refers
to fourteen different sets of determinations with values
renging from - 279500 to 48940 calories. By repeating some
former work end by use of a new method he obtains results
which indicate that some of the discrepsncises in the liter-
ature may be ascribed to the difference in the state of the
carbon used or formed. Calorimetric data were obtained
using graphitie/earban, while in some earlier work carbon
was produced in an smorphous state. HNaeser suggests a
possible range of from 43000 to ~4000 cal., the walue de-
pending on whether the carbon involved 1s amorphous or part-
i21ly or wholly graphitic. Graphitic carbon gives the lower
value.

Yap and Liupg end Schwartzy, consider the work of Brodie,
Jennings and Hayessz as the most reliable. Thelr value of
~13580 cale, which was obtained by the combustion of Fe,C in
an oxysen bomb at 25°C, sgrees well with the calorimetrie
Getermination of Ruff and Gersten,,. It is slso quite con-
sistent with the results of Mexwell and Hayesy, obtained by
measurements on the composition of C0-C0, mixtures in equi-
1ibrium with Fe,C end with the similer work of Schenck,y,

who used hydrogen-methene mixtures as the gaseous prhase.
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Yap and Liu have recalenlated the results of Brodie,
Jennings end Waves, using more reecont dats on the heats
of formstion of 3‘9(;’ end Fe, 0, and have obtained a value
of =12300 e8ls In subsenuent caleulations this velue
will be used, bearing in mind, however, the existence of

conflicting data.
Hest Capacity sand Entropy of Iron and of Carbon

The existing data on the hert copascity of iron agree
guite wells As Austin, has pointed out, the values of
Eucken snd Werth, seem to be the most eonsistent among
themselves snd fall between those of funther; on one side
snd those of Rodebush and Mikalek,z and of Griffith and
Griffithg on the other side.

Using the heat capacity data of Eucken and werth,
Austin, hes calculated the entropy of iren at 25°C to be

“6.60 units,

The entropy of carbon is given by Lewis and Rendall,
&8 1.3 and by Internationel Critical Tables, as 1.39. The
value 1l.39 will be used here.

Heat Capacity and Entreopy of Iron Carbilde

The mesn specific heet of iron carbide between 0°C and
650°C was determined by Oberhoffer and Meuthen,. by using
steel semples of different carbon content and extrapolating

to pure iron caerbide(8.57% C).



Using a weter calorimeter, Levin and Schottky, found
that the mean specific hest between 17°C and 100°C varied
directly ss the carbon concentrstion. The same wns true
at other temperstures. 7The sgpecific heat sesmed to be the
a&me for a slowly cooled semple as for one which had been
hented to B00O’C end quenched. From their data they were
able te calculate the heat capacity from 0° to 680°C.

Umino,o has mede similer measurements using a large
number of ssmples of different carbon concentrstions and
has caleulasted the aspecific heat of iron carbide from 150°C
to 850°Cs He saye that "The specifiec heat-carbon concen-
traﬁion curve must be linear” for annealed steecls below
706°C,

Up te a yeer ar70 no dets could be found on the heat
capacity of iron carbide below 0°Ce Recently, however,
Naesery. has made messurements on the spacifiec hent between
-195°¢ and 750°C. His work differs from the present in-
vestigation in that he used pure iron carbide rather than
steel samples and in that he used & water calorimeter instesd
of the method of electrical heatinge. Semples were heated
{or cooled) to various temperatures snd then put into a water
calorimeter of known hest content and the chenge in temper-
sture observed by a Beclkman thermometer. Prom the values
thus obtained he caleulated the hest eapacity at various

temperstures, Nseser did not make any calculation of entropye.
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By an indirect method based on equilibrium mesasure-
ments at temperatures of 700°C and sbove, Yap and Liu,,
have caleculsted the entropy of iron carbide at 25°C to be
31.8 units. ‘They give the value of AF at this temper-

ature s 9300 cals per mole of Fe,C formed.



EXPERIMSETAL

Preparation of Materials

The stesl samples were prepared by melting pure iron
and carbon in magnesie erucibles. Cs ps. magnesium oxide
was aintered at sbout 1B0O0°C in & carbon crucible in an
inductlion furnace« The sintered magnesis was then ground
to sbout 100 mesh, moistened with just enough distilled
water to make it stick together and mede into a c¢rucible by
packing in a carbon erucible. 4 piece of one inch glaes
tubing, which wss closed at one end, was held in the center
of the carbon erueible to give the right inside diameter.
The erucible wes dried slowly at 100°C and heated to 1800°C
in g larger csvbon crucibles The small carbon crucible con-
tsining the one maede of magnesis Just fitted ingide the
larger carbon container.

After eooling, the magnesia crucible was filled with the
required amount of iron snd csrbone The iron used was .rmeco
iron. The cerbon was some in electrode form which had been
tested spectroscopically and found to contsin only insignife
icant traces of impurities. |

The erucible with its contents was placed in the furnsce
and hested agsine After the iron hsad melted it was sgtirred
onces It was kept molten for at lesst five minutes longer
and then eooled slowly in the fﬁ?nace.

The slugs thus produced were polished at both ends and
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examined microscopicallys Wo free cerbon er inoceclusions
could be detecteds The cerbon seemed to be present as
prearlite and massive eementiteav |

The slugs were turned down to three-guariters of an
inch in diameter and two and five.sixteenths of an inch in
length; leaving at the eenter of one end & small edditional
piece of metal through which e hole was bored for suspend-
ing the semple: For reforence purposes,; sn iron sample of
the ssme dimensions wes made from three;quarter inch Armco
iron rod: Reeh sample wap wound with 40 ohms of no. 34 con-
stentean wire and lacquered with s Bakelite lescquer to give
thermal contact between the heating coil and the sample.
The lacquer wes baked for seversl hours et 100°C. After
being used in hazt capacity messurements, the steel slups
were made into turnings, sempled, and anelyzed. The weight,
carbon snalyses, etcs for the gemnles are given in table 1,
The lest column gives the weight eof iron which would have

about the ssme hesat capacity as tﬁe windings and lacquer,

Table 1
Sample Percent Weight of Weight of Iron equivalent
number garbon ssnmple lacquer of lascquer, eto.
0 trace 131715 « 297 1.077
1 1.43 126007 242 Ce 905
| 2 1.15 1254508 « 339 le212

5 1.586 126512 «343 le224



APPARATUS

The calorimeter was thé same in principle ss that used
by & number of previous 1nvestigators.4, 5, 6, 14 The out-
side vessel was made entirely of Pyrex glass. The lower
part, A, containing the semple was 1lf inches in dismeter and
7% inches long. When a ssmple was to be admitted or chsnged
the vessel wes crecked apart asbout an inch below the con= ‘
striction, Be After the sample was properly suspended snd asll
- eonnections made the alass wes sealed back together againe.

The sample, C, was suspended by & gilk thread from the
copper wires, E, which also served as lesds for conducting
the current to the semple, The wires, E, were brazed to short
tungsten wires which were gealed in the gless at Fs The lower
ends of these wires, E, were soldered to sméllAcopper wires
which were in turn soldered to the heating coil around the
sanmple.

The thermcouple .+as made of no. 36 copper and no. 34
constantan wire. The wires paassed through capillary tubes
- ¢ gnd G' where gn air-tight seal was mede with Plcene wax.
one Junction was soldered to the sample st D. The other was
kept in ice in a Dewar flask during most runs. In a few
cases it was kept in s bath which surrounded the vessel, 4,
in which was the sample being heasted.

The electromotive force produced by the thermecouple

wag messured by a Leads and Northrup student potentiometer
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which could be resd to the nearest microvolt.

The thermometer which was used in some runa could be
reed to a hundredth of a degree. It was found to be correct
at 0°C and 100°C and was therefore assumed to be correct for
' the temperatures at which it was used.

The calorimeter was evacusted by mesns of a mercury
vapor pump in series with a "Cenco Megavac" mechaniesl pumpe.
| A 6 volt 1:0 ampere~hour lead storage battery served as
a source of electrical energy. The current was measured by
meens of a milliemeter which could be read with an accurecy
of one or two tentha of millismpere in the renge used. The
current used was ordinarily beﬁweﬁn 145 and 160 millismperes.

During méat rung the calorimeter was surrounded by a
constant temperature bath. Ligquid oxygen, soclid carbon di-
oxide, and ice were used, In the runs made at room temp-
eratures and sbove, the calorimeter was surrounded by a brass
vessel filled with water and wound with resistance wire.

An electrical stirrer kept the temperasture of the water un-
iform and by mesns of a rheostat one could control the cur-
rent passing through the heating coil sround the brass ves-
gsel and thus keep the tempersture of the water constant or

chsnge it at sny desired rate.
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Hethods of Procedure

 The millismmeter was calibrated by measuring the poten-
tial drop across a standerd 10 olm resistence in series with
- the millismmeter. The corrections to be apnlied are given
by figure 2.
The thermocouple was csallibrated by the usual method,.
The standgrd temperatures used were the melting point of ice,
the boiling point of water, the sublimation tempersture of
solid carbon dioxide, and the beiling point of liquid oxycen.
Figure 3 shows on a small scale the calibration curve used,
‘Tha resistance of the constantsn heating coil, although
not greatly affected by tempersture, did nevertheless wvary
apprecisbly. The resistance wasg determined st a number of
temperatures and the values plotted as shown on figure 4.
The data for caleulating hesat capscity were obtained by
two methods.

1. Adisbatic method

At room temperatures and sbove, the cslorimeter was
surrounded by the brass vessel containing water, One junc-
tion of the thermocouple wag on the ssmple and the other
4in the water. The lesds were connected directly to a Leeds
and Worthrup, type P galvanometer. Whenever the temperature
of the bath differed from that of the sample by more than a

hundredth of a degree, the galvenometer would be deflected



3.0

CALIBR

Fi

ATION ©Q

w.n.
MiLL1AL

T
o

LIAMPERES)

g
"

=)

—
o
Correctrrion ( My

qAFT>zzma

80

R ReapIn

100 12

MMETER

-gT-




Fll.&

‘CALIBRATION OF THERMOCOUPUE
iob /-—
20— | // '

o & .
Nt
u .
x
3
’—
q

~50 & -
o
a
T .
=

1 ~ ’

~-100

~150 /

| B R TheRMocourcd Reaping (Microvdrrs)
-5000 - 4000 -3000 -2000 ~=1990 Q ' 1000 29090 390940 4990




-17-

ALIBRATY

Fic. 4. .

aN OF I.T.:zm Co

0
o
C

NcE (Ours)

REStSTF

1.39.6

LR MOCOoUP)
g

E (MICROY(
~2900




] D

from its zero points A thermometer in the outside bath wes
used to give the tempersture of the semple as well as that of
the bath.

The brass vessel was filled with cold water. When the
steel slug wes cooled to the same tempersture as the bath, the
calorimeter was evacusted and the sample and bath heasted elect-
rically, keeping the temperature of the two the ssme at all
times. TReadings of temperature, time, and the ecurrent sup-
plied to the sample were taken every three or four minutes.
Measurements were made by this method covering the interval

20°C to 65°C.

Zs Method in which a constant temperature bath surrounded the

¢s lorimeter.

The exterior junction of the thermocouple was kept in ice.
The calorimeter was filled with hydregen and then put in the
congtant temperature bath. Hydrogen was used because it con-
tained no gases thoet would be condensed end because the high
speed of its molecules decreassed the time for the sample to
reach the tempersture of the bath. When the semple hed
resched a constant temperature the calorimeter was evacuated
gend & current passed through the heating coil sround the
gample. Readings of the e. me £+ produced by the thermocouple
were taken on the potentiometer every few minutes. The current
wes also observed every five or ten minutes. The heating was
continued until & temperature was reached st which the loss of

heat from the sample to the bath became fairly large. The
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current was then turned off and the rate of cooling observed.
Two or more runs were mede on each of the three steel samples
snd the pure iron semple using as constant temperature baths

ice, solid carbon dioxide, and liquid oxygen.
Calculations and Results

Calculation of specific hest of the steel samples.

The hesat capacity of a substence at constant pressure,

Cpy may be defined by the equation

CF -"-:: g.g.w 3
L ar

where dq is the hest added and 4T is the rige in temperature.
This may be put in the form

o= 3= 3 ¥ »

where t is the time in minutes. The electricsl energy edde
6d per minute will be

%@y__ gizﬂléécz
T 4edBE ’
where I is the current in asmperes snd R is the resistance

in ohms. Therefore in the sdisbatic method, where all of

the electrical energy is used in hesting the sample,
__ {I*R)(60) 4t
0= FirR

g% will be the reciprocal of the rise in temperature per
minute of heating, and may be obtained from a graph in which

temperature is plotted sgainst time, such as fipure 5. By
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plotting the data and using the slope of the curve we are
uging the sctual rste af rise of tempersture for s given
energy imput at e given time, and thus should obtain the
actual heat capscity st a certain temperature. This also

hes the sdvantsge of eliminsting errors in individusl read-
ingss To obtain the specific heat of a sample, its total
heat capecity was divided by its welight (including the iron
equivalent of the letquer =nd windings)e 8Since the specific
heat of iron is well known, it wes used as & methed of stand-
grdizing tihe epoarsbuse. If the specifie hest of iron st some
temperature ié «114 and the value obtained wsg 112, the
values for runs on sll the steel samples at that temperature
woere corrected by multiplying by .114/.112.

The rates of heating and the current used at 30°C end
50°0 in s number of asdisbatic runs and the values of specific
heat, e, aaieulatad therefrom are shown in tables 2 snd 3.

For the runs in which the calorimeter was immersed in
a consbtsnt temperature bath there was in most cases an
appreciable transfer of heat between the sample being heatel
snd the walls of the e¢alorimeter, eince the outside of the
calorimeter was slways st the temperature of the bath.

If an amount of heat, dg is added at constant pressure,
pert of this, 44, will be stored up snd part of it, d4u?t,

will be loste



Table 2.

o
Condensed Heat Capacity Date at 323.2 K

R = 40.0 ohms

-

Sample Ho.: Run Ho. ; Current ; “%%” ;Haat eapacity: Speeific : mean specific
oot ‘ : P rof slug : heat : heat corrected
o] 24 151.7 0.873 15.15 0.1141
0 25 151.,7 0.871 15.18 0.1143 0.1091
1 8 146,9 0.812 15.13 0.1193
1 9 146.5 0.811 15.20 0.1198 0.1142
1 10 146.4 0.818% 15.04 0,1186
1 13 145.,3 0.794 15.25 0.1208
2 1 151.9 0.884 14.97 0,1192
2 2 152.2 0.889 14.96 0.1191 0.1137
2 3 152.4 0.898 14.97 00,1182
3 1 151.0 0.828 15.81 0.1219
3 2 152.5 0,841 15.88 0.1214 0.1157
3 3 152.,6

0.842

15.87

0.1213




Table 3.

[+
Condensed Heat Capacity Data at 303,28 K

R = 40,0 ohms

-

Sample lo.: Run Ho. ; Current 3 a7 ;Heat capacity: Speecifiec ; Mean specific
H : : at :0f slug : heat + hecat corrected
0 24 152.2 0.8935 14.87 0,1120
0 25 152.2 0.891 14.83 0.1117 0.1081
1 9 147.2 0.845 14.72 0.1160
1 10 147.2 0.842 14.76 0.1168 0.1132
1l 13 145.4 C.81E5 14,95 0.1178
2 1 152.1 0.9086 14.67 0.1167
2 2 152.2 0,913 14.56 00,1158 0.1124
2 3 152.5 0.9105 14.66 10,1166
3 1 151.5 0.854 15.42 0.1180
3 2 152.9 0.686186 15,57 0.1191 0.1180
3 3

15z2.8 0,875 10.26 0.1167

—(28—
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Sciving for dﬂjwe have
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Tt aE att T

Cp =

Since the primed quantities refer to cooling, dT!'/dt is the
rate at which the sample would cool and dﬁ/dt is the rate of
rise of temperature with heating.

S8ince it is rather tedlous to convert s lsrge number of
values of e. me £+ readings, E, given by the thermocouple
into temperatures, one can instead plot % egainst t es in
firure 6 and thus obtsin s measure of the rate of rise (or
fall) of temperature, dr/dt {or dk'/dt)e The nbove equation
can be chaﬁged slichtly to use these guantities.

ar __ dg ar g 9T _ @t 4! __ a7 du
TG T 2 g FEavaE T aE It

The equation for the calculation of Cp then becomes 3
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Cp = (I*R)(60)
& a.1p06) (o2 4 &3, dT
(4.1026)(FE+ 76 ) g)

-

a7/d% is determined by finding the glope of the curve in
figure 3, in which T is plotted agsinst X.

This equation, like that used for the adisbatic runs,
givep the heat capscity at & point and tends to prevent sn
error in a single measurement from causing an erroneous
result.

The specific hest is cslculated from the hest capascity
of the slug as previcusly mentioned. Condensed datas and the
caleulated values for specific heat are given for six dif-

ferent temperstures in tsbles 4 to 9.

Caleulation of the hest capacity of iron carbide

The specifie heat of iron carbilde waes calculated by
plotting the values of specifiec heat at one tempersture for
the different slugs sgainst percentage carbon and extrapol-
ating to pure iron esrbide (6.67% cerbon). Rech line on
figure 7 repregents a different temperature. The values
thus obtained are given in the second column of tsble 10.

HMultiplying the velues for specific heat by the molucu~
lar weight of iron carbide, 179.52, we ebtain the corre-
sponding figures for molar hest caepacity, T,. These values
are given in eolumm 3 of table 10+ These same results are
shown graphicslly by figure &, curve 2, Curve 1 of the
same figure ghows the results obtained by ¥aseser over a

similar tempersture range.



Table 4.

Q
Condensed Heat Capacity Data at 280,7 K

R = 40,0 ohms ..g.. = 0,02435
Sample No.: Hun No.: Current: (43 : dB’  :Heet capaclity: Specifiec:Mean specific
H 't : §7 : dt :0f slug ¢ heat  theat corrected
o 7 154.0 33.5 4.24 14.80 0.1114
0 8 154.0 33.95 4.24 14.80 0.1114 0+1060
O g 155.0 8340 4,24 15.00 0.1130
1 5 143.5 28.4 4.40 14.80 0.1167 0.1106
2 5 153.,0 4. 45 4.43 14,78 0.1166 0.,1105
3 & 163.8 31.7 4,30 15,45 0.1182 '
3 9 155.1 38.8 4,30 15.53 0.1187 0.1122




Table 5,

o
Condensed Heat Capaclty Data at 201.3 K

R = 39,94 ohms 4T = 00,0290

Sample Ho.: Run No.; Gurrent; aB ; 48/ :Heat eap&elty. Specifio: mean specifie
' : : : dt ¢ dtb 10f slug : heat theat corrected

0 16 163.2 28,25 6.40 13.35 0.1005

0 17 152.8 28,33 6,40 13.18 0.09983 0.0981

0 18 152.% 26 .70 6,40 13,07 0.0992

1 7 144.5 24,83 6.48 13.15 0.1036 0.1018

1 6 141.0 23,50 6,48 13.07 0.1030

2 8 152.8 28,9 6.90 13.04 6.1028 0.1013

3 14 152.1 27.38 6.41 13.53 0.1035 0.1021

- -
)




Table 6.

<]
Condensed Heat Capacity Data at 201.3 X

R = 39.91 ohms & = 0.0819

-
P

ag’/  :Heat capacity: Specific:lieen specific

»
»

3ample No.: Bun Ho.: Current

&% sa we
t

#
59 % % s
f;i

"R B% % ¥

: {(milll sof slug : heat :heat corrected
: amperes): : : :

0 16 154.1 335.87 0.78 12.31 0.0927 0.0928

1 7 145.1 3l.4 0.79 11,75 0.0927 0.0928

2 8 154.93 S4ed 0.73 12.18 0.0861 0,0962

3 14 153.2 32.6 C.78 12,62 0.0966 C,0968

-68-



Table 7.

2
Condensed Heeat Capacity Data at 161.28 X

R = 39.62 ohus ..% = 0.0379
Sample Na.; Hun He.; Gurrent; dH ; E/ 'Heat sauaeity* Speoific'mean specifie

3 3 : at : o dt :of slug 1 heat  :heat corrscted
H H H : H H H

0 2 155.5 31.15 2.40 10.85 0.0818

0 3 155.4 3L.15 2.45 10.84 0.0817 0.0817

0 & 155.2 3l.1 2,45 l10.82 0,0815

1 14 1564.4 31 .8 2.60 10.40 0.0880 0.0829

1 17 155.8 1.7 2.60 10.60 0.08%8

2 1l 153.4 30.95 2,70 10,55 00,0832 0.0833

2 12 153.4 30.95 2,70 10,556 0.0832

3 15 156.5 31,795 2,50 10,79 0.0826 0.0827

3 16 156.4 31,65 2.50 10.80 0.0826

-OQ-




Table 8,

o
Condensed Heet Capacity Data at 120,5 ¥

R = 39.58 ohms df = 0,0426
“gET
Sample No.: Run No.: Currentb: dx : ag’ :Heat capacity: Specific:Mean specific
3 s 3 dt : dt :of slug : heat theat correctd
0 2 156.8 30,70 0 9,18 0.08915
0 3 156,7 38470 0 9.17 00,0691 0+0636
0 6 185.6 K HIR T 0 9.08 0684
1 14 156,6 56,45 0 8,97 0.0707
1l 17 157.0 56,77 0 8.93 0.0704 0.06483
2 11 154.7 35,3 0 9,035 0.07035
2 12 154,65 38,3 0 9.025 0.07025 0.084¢€
3 15 157.8 35,90 0 9.25 0.0707
3 16 157.7 55,90 0 9,25 0.0706 0.0650

-Te-



Condensed Heat

Table 9,

]
Capacity Data at 102,4 K

R = 39,40 AT = 0.0483
a5
Sample No.: Run No,: Current: a5 ; dE’ ;Eeat capacity: Specific:Mean specific
: : 3 at s dtb :of slug 3 heat theat corrected

0 2 157.7 39.2 -0,7 8.02 0.06064

0 3] 187.7 39.4 -0.7 8.06 0.0607

1 14 157.1 40,2 =08 7.81 0.06185

2 11 155.9 39,5 «0,9 7.88 00,0618

b i2 155.6 9.8 -0, 9 777 0.0613 0.0538

3 15 158,97 39,9 0.7 5,02 0.06135

3 16 158,3 39.8 -0.7 8.00 0.0612

3 7 18,1 39,9 ~0.7 7.96 0.06085 0.05833

3 ] 1s88.1 | 89.6 2

_O‘Q 7

8.02 0.06135

-gg-
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Specific Heat and Holal Heat Capacity of

Table 10.

Iron Cerbide

Absolute : Specific : - Molsl heat : Cp

temperature : heat 4 - capacity :
383.2 0.1358 24,38 0.0755
303,2 0,1341 24.006 0.0794
280,7 0.1301 25,54 0.0809
2835.8 0.1160 20.83 0.0923
201,3 0.,1087 19.51 00,0069
161,82 0.0884 15.87 0.0985
120.5 0.0694 12.46 0,1034
102.4 0,0568 10.16 0.1008

—ivg-
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Caleulastion of entropy

To obtain the entropy of iron carbide the moleculsr
heat capacilty divided by the sbsolute temperature was
prlotted against the absolute tempersture. The values of
heat capacity below 100° absolute were obtained by compsr-
ing the specific heat of iron to that of the carbide (fig.9)e.
It is seen that in the range investigeted experimentally the
apecific heat of the carbide gives a curve similar to that
for iron snd that the two spproach more closely at low tem-
peratures« It wass therefore concluded that the form of the
durve for iron carblde near sbsolute zero could be assumed
to be similar to that for iren. PFrom the curve thus extra-
polated values were obtained which gave points for the lower
part of the curve in fipgure 1Q.

The value of the entropy of iron carbide at 25°C; 8,44,

wag obtained by graphical integretion (fige 10).

A98
8p95 — -ge' dT = the srea under the

(-4
curve from T == O to T = 298

8,08 = 23+ 556 entropy unitss

Caleculstion of free energy

For the resction,
SFe(g) + C(graphite)” = F° C(g) »
pa gy 2355 — (3X6+60 4 1.39)

il

i\
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asgn

The incresse in free energy at 25°C is:

AF

Pt
——

|

I

AH—~ TAS

12300 =~ {298416}{2.36)
, 12300 = 704

11596 esal.
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DISCUSSION

The accuracy of the results obtained depends largely on
four factorsy (1) the correctness of the heat capacity dsta
of Fueken and werth, (2) the correctness of certain assump-
tions, {(3) the securscy of the anslyses and observations on
the condition of the cerbon in the steel semples, and (4) the
magnibuée of errors in calibreting instruments end in tsking
resdings of time, ourrent, etc,

It seems improbeble that the data on the hest capacity
of iron would be gresatly in error.

The assumption of & straight line variation of specific
heat with carbon content has been observed by Umino and by
Levin and Schottky. The assumption involved in extrapolating
the lower portion of the specific heat curve for iron carbide
probagbly does not cause much error, ss the form of the curves
for iron and iron carbide are quite similar in the range for
which experimental values were obtalned.

The errors in snalyses and readings do not seem to account
for the variation of the dats for the hest capacity of iron
egrbide, az found in this investipgation, from the results of
Naeger (gee fige 8)s Therefore it is quite possible that this
digerepaney may be accounted for by s difference in the heat
capeity of the pure carbide and of that existing in steel.

A few measurements were mede in this lsboratory on the

heat capacity of free iron carbide, using spheroidized cemen-



il

tite which analyzed 6.67 per cent carbon and 93.3 per cent
iron. The data obtsasined, although not conclusive, seemed
to be in fair agreement with the work of Neeser.

If there is 8 resl difference, the data on the carbide
a8 it exists in szteel should be more veluable than similar
information concerning the free carbide.

The value of 4F obtained is insccurate to the extent of
the possible arror in the value of AH which was used in its
caleulations A varistion of avfew per cent ;ﬂ!the heat
eapacity values would produce a change 1nASFfwhich would be
negligible compared to the possible error due to the uncer-
tainty of AH.

Becsuse of this uncertainty in ; H, the value of 11596
cals for AF,4s is not toc .iconsistent with the value, 9300,
obtained by Ysp and Liu from calculations based on equili-
bruim meagurements at high temperatures.

If we regard AV

Rs
nitude civen gbove, iron carbide should be unsteble or met-

28 & positive cuantity of the nmage-

sateble nt room temperatures, ss is the oninion of most in-
vesticators.

If we should accept & negative or a smell positive value
“for AH, AF would slso be negative end Fe,C would be stable

at room tempersiures



h
SUMMARY AND CONCLUSIONS

l. The heat capscity of iron carbide in steel has been
determined from ~171°C to + 50°C. The values thus obtained
are given in table 10 and Tigure 8.

2+ By the use of these results the entropy of Fe;C at
26°C 1s found to be 23455 units.

3« The results of Brodie, Jennings, and Hayes, as re=-
caleulated by Yap snd Liu, for the heat of formstion of iron
carbide are used in calcmiﬂtiug APFP. The value thus obtained
for the free energy change sttending the formation of one
mole of the compound from its elements is 11596 cale. This
would indicate that iron carbide 1s unstsble or metastable at

room temperatures.

e
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