IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1926

The heat of formation of cementite as electrolyzed
from a pure iron-carbon alloy of eutectoid structure
and composition

George Hendrie Brodie
Towa State College

William Harney Jennings
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
0 Part of the Physical Chemistry Commons

Recommended Citation

Brodie, George Hendrie and Jennings, William Harney, "The heat of formation of cementite as electrolyzed from a pure iron-carbon
alloy of eutectoid structure and composition " (1926). Retrospective Theses and Dissertations. 14214.
https://lib.dr.iastate.edu/rtd /14214

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14214&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14214&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14214&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14214&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14214&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14214&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/139?utm_source=lib.dr.iastate.edu%2Frtd%2F14214&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/14214?utm_source=lib.dr.iastate.edu%2Frtd%2F14214&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

CEEE RIS A e o a2 e B T

INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent | upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and continuing
from left to right in equal sections with small overlaps.

ProQuest Information and Leamning
300 North Zeeb Road, Ann Arbor, Mi 48106-1346 USA
800-521-0600

®

UMI




N I R

F R e



NOTE TO USERS

This reproduction is the best copy available.




i Siiandi et z b4 s A et A e BA M EALN L el e peats AT e TR - o i RS 2R £ e AN 4 S A




A

ar

TEE FZiT CF FORLL T CF CELRNTITE £i°€

PURE IRCF-C/ERON LLLNY CF ZUTECTCID 2T

Yo

Thesis

Submitted to the Gracduste

Feculty in Candicecy fo
Degree of

Gecrge Temérie 2rodie end Villiem

r the

~

ermey Jennings

Ye jor Subject: Physicel Chemistry

Lpproved:

Signature was redacted for privacy.

In chbrge of .aﬂor worx

. Signature was redacted for privacy.

Tesd of Iz jor Depzrtment

Signature was redacted for privacy.

Deen of Graduzte College

Towa State College

1626




R T —— W i S e P A AT 28 8 AR PR b B 4 sg TR0 % 0 4

UMI Number: DP14404

®

UMI

UMI Microform DP14404

Copyright 2006 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, M1 48106-1346




e * TOTT oYM
ACITQUWILEDGEITZ=ZNT

The writers wish to express treir sincere

. epprecistion to Jr. inson Ezyes, unéer wnose

direction this work hes been carried out«yy

T 1 bl




II.

U

RLE Q% _COWeTNTS

EISTCRICAL AND TFEORETICLLe o o o o o o o o o o o 1

DREPARATION AND LHAC

IYCIS CF TRE C2ZRBIDE « « « » o1

TII. FRONT SECTIONATL VIS CF SPRCIALLY CONSTRUCTED
CONSTZNT TENPER/ TURE
AND BOMB IN PLACE .

Iv.

VI.

TEE CLLCRILEER

SECTIC
C/REIZE E;‘E BCE

SULZLRY AIT CC

E B0X, WITE C/LORILETER

- - - - * - > * - - L] L] > L 20

IC DETEZIIRATIORS @ o v 6 0 6o o o 22

T
TCLTE

0% OF CONT 'I'*? I¥ W=ICE TEEX SLiEPLES QF
D e @ o © o o ® o o o o e o e 258

IOHS e ® @ o o o © & ®» e e @ 35

~-ooceccecceco-




EISTCRICAL /5D TEEQRETICAL CCUSIDERATICNS

The formation of Cementite from the elements iron znd
czrbon, or the reverse reasction whereby the curtide is decom-
vosed intc these elements, presents for study & problem which
is highly interesting from & theoreticel stencpoint enc, et
the seme time, of mejor importence to further develcpment of
the iron sné steel industry. Perticulerly is it deeirsdle to
¥ncw .whether heet is evolveé or ebsorbed when this compomnd,
which hes the compositicn FesC, is formed from its elements.

Cempbell sndé his associatesl were probevly the first to
prevere this cerbide in & state of sufficient purity to wer-
rent its use in & determinstion of tke hest of formetion. Ee
obtzined this csrbide by electrolyzing scmoles of well ennesl-
ed steel, heving & carvon content of 1.29%, in & ¢ilute sclu-
ticn of hyérochlcric acidé. Cumpbell ¢issolved his cerbide in
slightly ecié votessium cupric chlcride sclution, filtered
off the carvonsceous residue, enc determined the carvon con-
tent by the combusticn of this residue in oxygen. In this
wey he founé hie cerbide to contein €.64% of cirbon. Grevi-
metric 2ndé volumetric determinstions of iron showeé the ironm:
contert to be very neerly e2.2%. tnelyses for phosohorus andé
mengsnese were glso mede. Treces of the former, but none of

the letter, were reported.

1. #m. Chem. J., 1€, 8%6 (189€) -




Using this fzirly pure cervide Cempbell undertook to
¢etermine its neat of formetion ©y & rether ingenious celori-
metric method®. Ee dissolved pure ironm in siightly zcid
emmonium cupric chloride (or tke corresponding potessium saslt)
&né meesured the heet effect. 3Ry éissolving cementite under
the seme cconéiticns, &né noticing the éifference ir the guen-
tities ofiheat evolved by corresvencing smounts ¢f ircn in
ezch cese, Compbell expected tc obtain the heet ¢of formetion
of the cerbide. If, &s Cempbell essumecd, the cerbon wes 21l
precinitzted in the free stete, this method chould zive vefy
sccurately ihe valune scught. Jeriomin® ot jecteé to Campbell's
worx on the grcuné trzt hyéro-carbons wculd be evolved by the

smell emount of scié present. Euff4 emphesizes this point
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but does nct 2ppeer tc heve tested its vzclidity.

these men resised this objection because the mcleculer hest of
~ Tormation of cementite zs determined by Cimpbell wes & posi-
tive quuntity (8494 c2l.), while they believed, from théoreti-
cel consideretions, thet the heet of formsticn chould be nega.v
tive.

Experimentel work in this lsborstory has shown thet with
the concentration of ecié used by Cempbell there is no detect-

« J. Iron Steel Inst. (ILondon), No. 1, 211 (1¢01)

2
2. Ze. fur Elecktrochem 17, ©2 (1°1l)
4. Yetelluvrgie {Ferrum), 8, 459 (1c11)
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eble evolution of hydro-carbons. Zpperently Jeriomin's ob-
jection is without foundstion in feet. The writers heave
founé, however, that the precipitete obteined, when the cer-
bicde ic dissolved under these concéitions, is hesvier then the
cerbor in the csrbide &nc ccnsegquently cznnot be simply free
csrbon &g Campoell gssumed. If the cerbon hes combined in
some mannef with one or more of the substences present, &né
such combinsticn 1Is esccompenied vy & keet effect of esppreci-
eble megnituée, Cempbell's results must be in error. This
precipitste eppeers tc be insoluble in concentrated hydére-
crloric ecié ané cries tc constent weight et 11C°C. It is
our intention to meke & further investigetion c¢f this precinsi-

tste in the near future.

n

-

A few yeers later Scheﬁck, Semiller, &nd Falcke*, mede
equilibrium studies of the following resctions:

{1) Z Fe0 + 5CO = Fe,C + 4 CO0, + 3,
end {{2) FeO + CO.== Pe + CO,-+ 4,
By &ttgining equilibrium~at two c¢ifferent temperstures in esch
cese, &né analyéing the gzseous pn&se tp obtain the equilibrium
pressures -of CO end CO,, they were gble, by meesns of the vant't
Foff equation, to celculete Q, &nd Q;. By multiplying eguatiocn
{2) by 2, ené subtracting from equetion (1), they obtsined the
equstion: (3) 2 CO + 3 Fe 2= FesC + 00, + 2, - 30,
£. Ber. 40, 1704 (1207)

=

~
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mZnowing 3, ené 3,, &né elso the hezts cf formetion of CO
end C0,;, the keet of focrmetion of Fe,C wes reecily cbtained.
In tbis mennex they celculated the velue E940 cel. for the
moleculszr heet of formetion of cementite. The sgreement of
their value witkh toet of Cempbell was considereé proof of tke
velicdity of their results. Terres &nd Pqngracz6 neve shown
guite conglﬁsivelg, however, thet when iron is ecteé¢ uron by
carbon'éioxide not only ferrous oxide (&s shown in egquzticn 2)
but higher oxides es well 2re formed, ané probably solid solu-
tions. This makes it extremely difficult, if nct imnossitle,
to correctly identify the =0lid pheses present. Consequently
it would seem thet Schenck's results must elsc be consicered
untrustworthy, enc that the seemingly close sgreement with
Cempbell is rerely thne result of crence.

fbout 1211 Yermilov7 carried cut whet sesms to have veen
& conmplete ené thorough cslcrimetric determinetion of the hest
of formeticn of cementite. Unfortunztely his crigineal srticle
is not eveileble in fmerice but the essentisl information is
largely availsblefin cbstrsct form. This investigetor prepar-
ed cementite from &n ennescleé steel contéining 1.94% cerbon

ené only & few hundreéths of s percent of impurities, mest of

€. Z. fur Elektrochem 25, 386 (1219)
7. J. Russ. Eet. Soc. (1¢11l) {Originsl not seen); Stehl u Eisen,
22, 68 (ebstrset) (1¢11); C. £. B, 2, 2287 (1912) '




cwhich wes silice. The iron wes slcwly éissclved in Q.3-0.4%
HCl soluticen in &n stmosrhere of czrbon dioxiée. The carbide,
wkich remeined s & recicdue, consisted of & steel grey powder
whick wes not spontenecusly comiustidle. £ series of snulyses
showed the csrbvide to contsin from €.86-6.70% cerbon, end from
93.25-92.405 iron. Apperently the degree of purity wes very
satisfgctéry, as would be expecteé from the fzet thet this ce-
mentite wes p;eparea from & »rzecticelly oure iron-czrbon alioy.

“,

Vermiloy burneé this cariide in 8 Terthelot Bomb which he

(&)

he¢ previously ctlibreted

<
ot

ueing nsphthelene &s & stzndéerd.
Ccrrecting for recdisticn, and enslyzing trhe oxicdes of iroxn
formed, he was eble to celculale the hest of formztion of the
carbide by teking the ¢ifference in tke peat effect cbtesined
ené that which would have veen obtsinec¢ if the iron £nd czrbon
hed been in the free stete. Using the velvue 274,800 cal. s8
the moleculer heet of formetion of megnetite, Yermilov found
thet in esck case the heet evolved wes & trifle less then
woulé heve been evolved oy the elements in the free stete,
provided the velues used for tke heats of formsticn of the ox-
ides were correct. The averzge difference in the hest effects,

calculateé oxn this besis, gaeve, as the Leat of formation of ce-

mentite, the wvalue 2270 cel. per mel. Yermiliov concludel thet

ot

nis velue might bte zero, since the result differeé from zero

by not more thzn the mevimum experimentel error.
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It shoulé be noteé thet Yermilov useé & vslue for the
heet of formection of megnetite which is gbout 7000 cal.
grezter then velues mere commonly zccepted. ‘ssuming that
three-fourtks of the iron in his cecrbide burned to mzgmetite
{which wss doubtless neerly true), his value for the heet of
formztion of cemcntite would be lowereé more them Tive thou-
ssnd ealoriés by using the lower velue fcr the hest of forme-
tion of megnetite. This wovlé meke his results show £bout
-3C00, or lesé, for the moleculer heet of formetion of ce-
mentite. The fzct thet he used &n ennesled, slmost pure iron-
cerbon 2110y should slso be emphesized. The cerbide wss of
very neexrly theoreticel composition. Since no objection to
his work is known, it woulé seem thet kis results sre protebly
correct, within experimentsl érror, for tre csrbicde witk wkich
he wes warking.

Lbout onre yesr leter, but spparently without tnowleége cf
Yermilov's werk, Ruff &snd Gestern8 8lso cerriecé out s caléri-
metric Getermination of the hest of formetion of iron cerbvide.
They prepered their cerbide in & menner entirely c¢ifferent
from any employed by previous investigstors. & cruée iren
containing 4.12% C, 0.2% P, 0.1:% m, 0.074% Si, 0.006% S,

ené 0.005% Cu, wes melted in contzet with ezcess cerbon so

8 3Ber. 4&, 1 (1°912)
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mthat the molten iron wes completely s:tureteé¢ with cerbon st
the tempersture ¢f the melt. This melt wes suédenly cuernched
by pouring upcn & cold iren plate. The fragments were then
further broken up &nd tresteé for four weeks with normel
scetic scid solution. 24t the ené of this period the residue
wes further broken vy ané then trested for ceverel weeks with
0.2 ﬁorma; ¥Cl solution. The finsl residue wes sheken with
acetyléne tetrebromide to free from graprite, wecheé with sl-
conol end ether, epé érie¢ in a2 vecuur. !nelysis showed &
cerbon content of sbout €.69%, ené en iron content of abecut
93.28§. The carbide particles varie¢ in color from e dark
grey to & drcnze yellow.

Ruff burned tkis czrbide in &n ensmel-lineé Berthelot
Bomb, in 2& stmospheres of oxygen. The semple wae conteined
in s smell quertz crucible which céoes not seem to heve been
proviced witk & cover. In ligkt of our experience in vurning
cezentite in an oxygen bomb, the writers ¢o nct cleerly under-
stend how 2uff could use & quertz ccenteiner withcut the for-
metion of iron siiicate or solid solutions. Tor is it cleer
how perticles of the unburneé carbide were xept from blowing
out ¢f the contsiner if it wss not enclcsed. EHowever, it is

eviced weys of overceming such Gif-

[»]]

very probeble tkat Euff
ficulties, if they were encountered in burning his cosrcer

perticles of cerbide. The oxifes of iron, resulting from tke-




-

_combustion, were éissolve in strong beiling sulpnuric 2cid,

in & streem of C0,. The solution wes then titrsteé¢ directly
with permengenste to obtein the velue for the Fel. Lfter re-
ducing with zinc the solution wes egein titrated witkh the seme

solution to obtain the vslue of the totel iron. In this way

:gRuff founé tkhst the iron hedé burned to z.mizture of Fe 04 &nd

Fe0. In this leborstory it hes been founé thet tie iron in
our finely divided cementite clweys vurns tc & mixture of
Fe,0, &né Fe,b,. ut bere it is very probsble thet the larger
particles of the cerdide, with which Ruff was cerrying out com-

busticns, mey heve been responesible for tke lower stete of oxi-

([}

ation. 32y correcting tke heat effect obteined for the excess
FeO wkhich ¢ié not burn to Fez0,, sccording to the egustion:
Zre0 + 30, <= PFe,0, + 77010 cel. Ruff obtsined the ejustion:
Pey,C + Z 0, <= Pey0, + CCy + Z7¢, 100 ccl. Teking es the hest
of fermetior of mecnetite the velue 265,200 calories he then
obtsinec the egustion:

2 e+ C4+ 30, < Pe;0, + COp + 260,000 celorxies.
The cifference iﬁ the twec qusntities of heat evolved, if tke
guantities are correct, must represent the moleculur heat of
formetion of cementite. Since more heet is evolved by the
burning of cementite tken by the burning o¢f correspondéing
samounts of free iron &nd csrbon the heat of formation must be
ﬁegative. Ruff's figures show tkis velue to be -15,100 cel- -

ories per moOi.




T™wo yeers later Zuff end Gesterng, using theilr own value
for the heat of combustion of Pe0 to Feyl,, Which they deter-
mined to be £&,8C0 celories per mol of megnetite fcrmed, re-
celeculeted both their vaslue for the heat of formstion of meg-
netite snd their vzlue for the hest cf formetion of cemsntite.
They obteined 267,100 czlories &s the moleculer kheat of for-
maticn of.mﬁgnetite, engé -1E5,3C0 calories ss the molecular
heat of formeztiorn of cementite.

The work'écne by tbece investigetors seems to Leve been
cerried ovt eszrefully and thoroughly. #t rresent there is no
¢efinitely koown objection tc tkheir work or cszlculsticns, end
until such objections 2re known it must be sssumed thet their
resulte a&re very nesrly correct for the cerbide witk waich
they wrked. 4 repetiticn of Euff's work in the immediate
future is plsnneé for tkis lsborstory.

Yery recently an investigetion wes msde in this lsbors-
torylo of the system Pe,C, Pe, {alphe) CO, &nd CO,- From the

guilibrium values of the gsses present st £L0eC the free ener-
gy chenge eccompanying the reaction:

(1) 2 Pe(a) + 2 CO (g) == FezC + CO,
was cGetermined. ZInowing the free energy change eccompeanying

©. J. Iron Steel Imst., &7, 1, (1S1Z)
10. ¥exwell end EBsyes, J.Lm. Chem. Soc., 4€, Z, 284 (192€)
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- the resecticn (2) 2 CC 2 C (grsphite) + CO,, £nd subtrzeting
(2) frem (1) we obtcin the eguetion: ZFe (e) + € (grepnite)s>
Fez;C. The free energy chenge for this lest egueticn must be
the difference between the free energy chenge of (1) &ncé that
of (2). This gsve & value for AR of Z12f ctl. et £50eC, and
22€1 et 700°C. Ieking use of the egustion &(AF)/EéT=(AF - AE)/T,
end essuming thet G(AP)/6T is constant over tke tempereture in-
tervel used ané egual to -17.Z6 czl. per éegree, it wes pos-
sible to czlculute AE. AE was foundé to be 1¢,16% czl., &nd
1¢,1€1 czl. st the temperatures €:C° &nd 700°, respectiveliy.
In other worée the heet of formeticn was founé to be -1¢,162
cel. per grem mol over thic tempersture intervsl.

The velue for the keet of formsticrn of cementite thus
cbteine¢ mey be suid to be & guelitetive check of Ruff's worx,

0 obte

-2

n further

w5

elthcugh the sgreement is nct very close.

f

[

informetion on this subject, ené clear up,

e

¢ossitle, the
uncerteinty regerding this heet effect, the writers determined
to mexe & precision cslorimetric determinsticn, using eutectoid

cementite of tre nighest possible purity. It is witn this cel-

ot

ecls.

(e ]]

orimetric determinstion ths tpe folloving pzper
Trhe theory uncerlying & direct ccmbusticn czlorimetric

Geterminsticn of the keet of formeticn of & substenée is very

gimple. Z2Briefly, it mey be steteé as follows: "Tke change in

heat content of & substence (or substences), in psssing re-

versibly frém Stste I to staete B, ic independent of the psth
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tzken.” This necesscrily follows fram the Concervation of

Zpergy “rinciple, for ctherwise & system cculé be set up from
which unlimiteé smounts of heet counlé be obtainec.

Tet us essume thet we heve three rols of iron &nd one mol

ka3 d

of ccroon in the free, or elementery, stete which we will call

state #. Let these substences pses reversibly into Fez0, &nd
o,, eccording to the rezcticn

.':'.Fe+ C+ 30, < Feyg0¢ + CO, + T,
This'éi;ect oii&ation we mey esll rcute one, ané the finel stste
in which the iron ené ccrbon are found we will call stete 3.
On the other hend we mey let trke iron sné czrbon unite reversi-
bly to form iron csrbide, =né then iet the curbide be cxidizec
reversibly eccording to the following rezctions:

Z Fe+ C @ FesC + 2

Pe,C + 3 03 < Pey0, + CO, + 2
8

1

" and

In ezch cese § represents the numter of czlories of heat evcive

ed by the resction.

B, in which the iron en¢ csrbon ere

two-step process, which we may cell

before.

Consequently the chenge iz

of heat evclved, must kheve been the

It is seen thet once mcre the Tinel stete

(W

founé zt the enc of thnis
route two, is the sceme ss
heset contents, or the &mounts

seme by either route. Tkhis

-~

meene thet Q, = {425, OF 35 = 3, -

formation of FeyC from Z Fe andé C.

2
<3 °

Then

But G is the heat of

if 2, is xXnown, &ndé

Qs is measured, we beve & very eisple and direct meens cf cal-
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‘eulsting 5,. Tkis is essentielly whet we heve cdone, except
thet the celcuiaticns rzve been extendec te £llow for the
FeyC; which wes found to be formec alcng with the Fey0,.

It must be ccnceced at the outset that eny ceterminstion
of tie heezt of formeticn of cementite, wrich involves & wnowl-
eége of the beets of formstion of tke ozides of iron, must be
‘uncertain to'the extent ¢f three to fcur thcussnd czlories ver
gram-moiecule, since the hests of formstion ¢f these oxices,
es éetermined-by c¢ifferent investigetors, very by correspcnd-
ing excunts. The velue of tke ceglorimetric date, however, is
not grestly impzireé by this uncerteinty, for results mey be
recalculeteé &t ¢ny time when more accurste deterxinstions of
ihe heste of formetion of the oxides become aveilsble. <igice
from this objection the éirect combustion crlorimetric method
is ecvantsgeous in thet it offers little poésibility of lerge
errors when the werk is cerefurlly cerried out. *ence the
methodé is very relisble within the range of experimentel error.

The values which we have chosen tc use in the foilowing
ceterminations aré ¢s foilews: TFor the molecular heat of for-
mation of magnetite, 2€7,400 ez2l., or 1ICL.€ cel./srem Fe; For
the moleculsr heet of ferm=tion of ferric oxice, 195,700 cal.,
or 1782 cel./grsm Pe; iné for thne moleculer hest of formstion
of cerbon Giozide, ©4,20C cal., or 7830 cal./grem C. The vsl-

. s 11 .
ue fcr magnetite is thet recorded by 3erthelot” &nd is es- -

1l. Thermcchimie II, 284& (1rE1)
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. 3
sentielly the ssme ss the finsl velue of Enff‘z. The velue

- for ferric oride is zlmost identicel with thet recorded oy

Le Chatelierls, ent 1s the mesn of tke four most iikely %&1.
ues recorded in the litersture. If we hsé chosen to employ
the most recent values for the heats of formotion of these ox-
ides, &s csleuleted by Tigerschioeld?, (271,000 for Fe,o,,
ané 197,£00 for Fe,0,) our Gzts wculé give z velue for tre hest
of formstion of cementite which would be sbout 3000 cel. per
mcl grester than the velue which we hsve recorded. The reat of
formetion of CO, from grephite £né oxygen is feirly well esteio-
lisked 2t 94,200C czl. per moll5, or 7880 ccl. per grem of T.
The maximum erperimentel errors in the followinc celori-
metric determinutions cre estimeted tc te 28 folicwe: 1In the
weight of the wafer used, &n uncerteinty of one gram. In the
weler equivelient, &n uncertsinty of one unit. In the tempers-
ture rise, &n uncertazint; of 0.002°C., corresponéing to gbout
5 cal. In the bhect which woulé heve been evolveé by the com-
bustior hadé the elements been in the free stete, &n uncertsinty
due to errors in-anslysis, of 2 to 4 cslories. This gives s
totel possible uncertainty of sbout 11 csl. In escch combustion.
Cince the sczmples used sversged sbout 1.15 grems, this amounts
tc & possible error of sbout €.57 e2l./grem. :iné sirce tke
Tormule weight of ironm cerbide is 179.E, the meximum possible
l12. Toc. cit. p. 9. -
Z. Compt. rend. 120, 62 (1&¢:
14 C. Lo, 1©, 1C8E (192%)

18, Roth &né vellesch, Z. fur Zlextrochem 21, 1,
£1s0 Rer. 4€, 8926 (1¢1%)
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uncerteinty in the determined hest of feorme tion per mol, due
toc erperimentel errors, is ¢.57 X 179.E, or covcut 172C cele.
Tnéer fevorsble ccnditicns the amcunt of uncertainty czn Dde
ncterizlly reduced, perticulerly in the tempersturze rise.
Furtherwore, the chences of meking &ll meximum eIXoTs in tte
seme Girection éwing sny one determinstion &re venichinegly
smellf Coﬁsequently we mey place the erxperimentsl unce:t&inty

2t less then 1000 cel. per mol.
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The c¢arbice with waich fhe combuéticns were to ce carfied
out wees prepered in the following menner: Sheet irmco Iren
wes cut irto strips ebout ¢ cm. wide enc sufiiciently loﬁg te
give & mess of about 1£0 grams wken freed from £l1l1 treces of
surfece impurities by grinéing é&nc buffing. Trese strips vere
tken folieé into & tight rell haeving & circulsr opening down
tke center sbout C.t ‘m. in diémeter. intc tiis opening wes
pecked 1 grem of 200 mesh gresphite for each 1CY grems of irom.
The slug truc preperedé wes fitted intc & megmesia-lined grephite
crucivle snd the whole placeé in the incéuction furnsce. The
temperature wrs reised feirly repidly until the conteants of
the crucible not oniy melteé but teczme & thoroughly mcobile
fluid. 2t this pcint the tempersture wze Xept constint for
gbout 2C minutes, since previous eﬁperience neé shown that
holding et tkis tempersture for suckh & periodé is necesssry if
uniform éicstribution of the cerben is to be secured. £t the
end of this period the current wes shut off ené the melt sl-
lowed to cool. Vhen Icur such melts ned teen mefe the result-
ing elloys were placed in the control furnece, heated to 8ICe(,
held at that temvpersture for three hours, &né ellowed to ccol
et the rste of six fegrees per hour until well below the criti-

cal range.
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The iron-cerbon zlloys thus prepsred skowed 1007 vesrl-

j4+ic structure. Yo treces of excess cementite, excess ferritle,

or grerhite, coulé be detected under the microscope. Hltacugh
nearly one percent of grephite hed been eddeé some hed been
lcst ac guseous oxides. Previous experience heé shown thet it
is nececsary to 2dé excess graphite in sbout this retic, on &sc-
count of the loss ¢éue to coxidetion. |

Thecé s1lloys were electrolyzecC in & soiuticn made up of

Gistilled water ?5{, &né concentretef ZL1 sciution £

[+ 1]

voile
by volume. £ rouné platinum electrode served ss the cztaode, .
while tre slloys, Cistrituted eround tke vletinum electrcde,
cerved ss enocdes. A layer of psreffin oil, floating on iop cf
this solution, served to ezclﬁde 2ir sné thus prevent coxicztion
of the &lloys et the point of contect with both eir &nd solu-
ticn. . £ eurrent density of from 0.C0Z to 0.0l emperec per
sguare cm} wes useé to bring sbout the solution of tke iron.
The epperetus wss so erranged tkat e considersble volume of the
scluticn wes bveneath the electrodes. €Since tke solution of
ferrous sulphete formed haé & Gensity ccnsiderably greaster than
thet of the dilute FCl solution it sezmk repiély to the bottom
of the conteiner. On this account it wss necessary to renew the
solution only sbout once every twelve hours. In scme csses this
perioé was extended to twenty-four hours without hermful results.
Once ecen Gey, during the electrelysis verice, the leyer

of cerbide wes screved frem the glloys with the Gull smooth
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edge of & knife. The firet lzyer, wnich might nsve contein-

- e@ surfece impurities, wss rejected, but £11 subsesuent

Tields were guickly weched seversl times with previously
bciled éistilleé water, tnen witn sbsolute zlcchol, anc fi-
nelly with sphydrous ether. Tre lsst traces of ether were
removed by evscuwsticn. The cervice w:s then pleced in small
tightly stovpered bottles to be kept until needec.

Two -series of esnelyses for c-rbon ané iron were mude;
one before aqd cne sfter the sericé during which the combustions
were being cirrieé out. Xo chenge in coxposition could be de-
tecteé. In esch cese the ctrbon ccntent was determineé by ¢i-
rect combustion in the regulation meznner. Ivery precaution wus

teken to prevent possible errors. The first series of ircn ce-

termineticns were mede by Gissolving the cezentite in sulrhuric

scié solution (28% by volume), reérveing with zine, bciling out
tkhe hydrogen, cooling in a streem of CO,, ané titreting with
0.082Z% ¥ X0, sclution. Such en smcunt of samvle wee taken
2s would require from £BC to 100 c.c. The first £0 c.c. were
ecfed from & pipette c&librateé to deliver exactly.this volume.
The titraticn wss then completeé in the usuel msmmer, using & .
£0 c.c. burette. Zepeating zll operations, without &dding car-
bide, two blank determinestions were mede. The vsluee 0.32 &nd
0.3% c.é. were thus obtuineé. The veliue 0.2Z2 wes used in czl-
culating the iron content of the carbvide. £ typicel eneliysis

follows: Veight of ssmple 0.44E7 grems, KMnQ, sol. requireau
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fer blenk 0.23 c.c., difference reguired for iror in cervide

'©0.26 c.c. Then

£0.26 X D.OP2EE X 0.0LEF4 X 100 | 4 pe = o7.36
0.44%27

In the seme mammer the values €2.27, Q3.40, enc 93.31% were
obtsinede.

The seccnc series of iron determineticns were mede by
the Bich10¢aie ilethoa, &s given in "Quantitetive Chemicsl
Analysié" by Telbot, using couble the emcunts suggested, &nd
witn the added‘precaution of filling the titrsting flesk with
CC, after reducing the iron but before the excess stammous
chloride was removed. The potessium éichromeste solution wss of
suck strength thet one c.c. wes equivelent to C.0C€£71 grams of
iron. £ typicsl enslysie follows: ¥eight of semple C.5362
grerps, Gichromete sclution reQuired 78.15 c.c. Then

.
- 7 “
0 : °

0.23€2

(43}

=§LF9=9 «Z2

In the saeme menner the velues 93.40, ené ¢7.22 were obtzinec.
The dichromete soluticrn hed vreviously been stsndercéized ecgeinst
pure iron wire by the seme method &né uncder the seme conditions
s to size of sample ané volume of solution. The permengemnste -
solution had been stendsrcized egainst Buresu of Stsndercs scdi-
un oxelete. fs a mesn of 211 the velues obtained for iron we
have the figure ©2.22. VWhile this exsct check of the thecreti-

cel velue is, of course, Gue lsrgely to chence, these results




~1%-

éo skow & very setisfectory degree of purity when ccnsidered
with the mesn velue for gll the csrbon céeterminstions, wahich
velue is 6.66f C. OQbviously zll impurities present coulc not
reve totzleé more then e few hundéredtns of & percent.

In 211, fourteen cerbvon determinstions were msde. Tke
first series geve the following velues:je.eé, E.65, €.6%, 6.66,
€.6€, 6.67, €6.67, €.66, 6.65, £ndé €.66% C. A typicel anelysis
’folloﬁs: Yeight of semple 0.262f grems, gein in weight of XOXH
sbsorution bulb 0.0641 grems. Then

0.0641 X 12 X100 _ ¢ o . .
44 % 0.2625 = # C = €.86

The lest series geve the values 6.6, 6.€6, €.68 ené £.64%C.
ks glreedy steted, the reen velue ‘of fourteen closely agreeing
ceterminsticons gives 6.66% ss the cerbon content of the cement-

ite 25 compared with the theoreticel velue 6-67%.
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CONST:NT TEIPERATURE BOX, VITE CALCRIMETER £XD BOMEB IN PLACE

fxplepation of Figure

(1) Celibretedé Seckmenn Tnermometer, resd through
&« window in front sice of box by mesns of &
. cathetometer, with en error of less then 0.001eC.
(2) Beckmenn Thermometer, showing Box Tempersture
(%) &fir Circuleting Fen
(4) ©Ie ¥hotinsky Nercury Temperzture Reguletor
(£) TPuse Vire Tesds
(8) The Emerson 3orb
(7) 11C Volt lotor
() £0 vett Feating Lemp
(¢) Stirring iechenism
(10) Czlorimeter Jecket

(11) Cslorimeter Cover




Trne Emerson Cxygen Bomb Celorimeter, mounteé :inside of &
censtent tempersture box, was used to determine the heet evolv-
ed when the sample of carﬂide wes burned. 4 motor, mounted
ebove ané ontside of the tox, esctusted the stirrer of the csl-
orimeter angd 2lso & device to-keep the eir insiée of the box
in uniform circulstion. The tempersture inside of the box wes
held ceonstent, at & tempersture of Z0°C., by mezns of & Ie
Xhotinsky mercury expension element which opereted = relzy.
This reley, in iturn, opened cr closeé the circuit to & fifty
wett lamp mounted inside of the box. A tempverzture of Z0°C.
wes selected to overcome the difficulty encountereé when the
room tempersture rose gbove 25°, &s it usually d6ié in werm
wezther.

£ pletinum recistance thecrmometer wes first useé to mess-
ure the rise in tempersture. This instrument, glthcugk capa-.
ble of very high eccurecy under the most fevoresble condéiticns,
was leter sbvendoned in fevor ¢f & czlibreteé Beckmenn ther-
mometer. Tris thermometer, wiich wee reeé¢ tkrough z glass win-
dow in the constent temperszture box by mesns of & csthetometer,
wes more steble, more convenient, and of sbout the ssme pre-
cision.

Bureau of Stenderds benzoic zcid was used es & stenderd

to determine the weter eguivalent of the ceclcrimeter. Consider-




eble ¢ifficulty wes at first evperiencesd in getting checxs

" on this value. The trouble wes finelly treced to the presence

of impurities in the comrerciel oxygen being useé. O{ther ané
supposedly much better gredes of cxygen were tried, but z1l
secrped tc contein enough nitrogen, or hydérogen to vitiete the
results. [ tenk of specicl celorimetric cxygen was finally ob-
teine¢ from the Zir Reducticn Seles Comﬁany of Clevelesnd, Ohio.
This oxygen wes free from nitrogen gené hydrcgen endé nroved set-
isfzctory in every respect. 111 of our recoréed culorimetric
data vwere obtsineé wher using this oxygen.

The method of proceéuﬁe in the determinsticn of the weter
equivelent wes e&s follows: The semple of benzoic 2cié wes com-
presseé into & pellet in which the iron fuse wire wes imbedded.
The semple tcken usuzlly weighed in tkhe neighborhood of 0.7
grems, while tkhe weight of the fuse wire usuelly emounteéd to

ed

o

¢bout 0.0075 grems. The semple thus prepsred wes cuspen

over & picnrome

L)
1]

isk inside of the bomb by connecting the ends
of the fuse wire tc the terminels proviéed. By suspend ing the
cemple in this menner it wes founé thzt complete combustion
wes obtaineé in pesrly every ctse. On the other hené, if the
semple wes allowed to lie in contect with the colé dish, it
was very Gifficult tc secure complete corbustion.

The bomb wses then assembled, evicusted to & pressure of
2-2 mm., filled with oxygen at one stmosphere, evacusted agé;n,

ené finelly filled with oxygen et & pressure of 250 pcunds.




P
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?re double eveccuxticn served to remcve the nitregen,fron the
oir vhien wes inside of the bomt. The needle vulve wes tren

scornecteé from the filling &soeretus,

(2
fo]
(8]
72}
(4]
(9]
t
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tected in weter ic Getect eny leeis, wipeé ¢éry &nc piscet in
the cetiorimeter. 2wo weigheé fiesks, conteining Cistilied
vcter at éifferent temperstures, were &t kend, gné from then

weter wee sdéed in such preopecrticns thet tre desireC temsere-

tpre wes secured. The tempersture wee &€justec 1o

r

e from one

belf to one degree below the temperzture cf the box. The

.

amount of wster used wce something over

3

s in

oo
"3

Q0 2rs

<

2]

every case.

D

sire¢ terperzture hsv-

(]

The correct smount cf water gt the ¢
ing been &éled, the cover waE pleceé on true calorimeter, the
Decxmenn thermometer fitteé into pleace, the corstent temperature
box closeé ené itne motor zllowed to run until the tcrmpersture

ned ccnstent or shcweé & reguler rete of casnge froem read-

‘-J
).Jc

rcme
ing to resding. Resdings were then teken for &n intervel of
ten ~inutes. In every cese one rezfing wes teien ezch minute.
54 the ené of this vreliminery pericd the stmple wae fired by
closing tre rnroper circuit. ifter firing, reszCinzs were tzien
antil the rote of chenge of tempersture &gz in beceme constant,
oné for & five to ten minute interval after this constent rste
was obtained. It'usuellg requireé six cr sever xinutes 1o

complete trhe sbsorption ¢f the heet produceé. 7hen &ll neces-

cery recdings beé been tsxen, the bomb was removed from the




=
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neGé for incomplete combusticn.

'.h

celorimeter, openet, on

K37

! typiccl set of dete ené celculetions sre &s Tollows:
teight of ssmple of benzcic zcié C.728C, weignt of iron Tuse
wire C.C0€€, weigkht ¢f unburned fuse wire C.002€, weiznt of
fuse wire sctuelly burned C.00%2, nest eveclvel Tty turning fuse
wire €.6 cel., welght of weter 2CI&.Z, observel temperzture
rise 1.963"°.C., recistion correcticn (as:calculateé oy the
Eegnault-?faundler formula) 0.027, correctec tempersture rise
1.290, heat of combustion of thne benzolc scic 6220 cul/grem.

Then (0.7880 X 6320) - 6.6 = heet ziven up tb the celorimeter =

4026.76 cal. ind 2036.3 X 1.290 = hezt absorbed vy the weter =

P‘)

4052.24 cal. Tence 4986.76 - 4052.24 - heet sbsorbed by bomb
ené contsiner = ©24.£2 cal. Therefore ©34.52/1.990 = water

ecuivelent of ceslcrimeter = £7C. In sipiler merner the velues

|-!,

46S, 472, 47C ené 471, were obtesined. in eaverzge 0f these Tive

velues is very reerly 471, which is the velue used in subse-
suent czlculstions.

Yhen the asttempt was mede to burn ocur cementite i &n
open disk, or crucible, sericus difficuities were encountered.
Perticles were blcwn out ané remsined pertislly unburned, wiile

inam anc

rf

the hot oxicdes sttecked tre contuiner. Nichrome, ole

[

glundum were 11 focurmé to &licy or unite cremicelly witrh the
rot oxides. OCbviously thnis gzave rise to 2 reat effect which
would probebly vitiste eny results obteined under such condi-

tions. Thls alffzcul ty wes cvercome by using & Cisgh of XgC,
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{z) Alu=mdum Crucibvle
(¢] Perriraiec Porcelain Plate
(3).Fuse Wire
{4) Alundw. Dish
(O) Marnesia Digr
Llnesia sl

i3, Saupiz f the Carvige
i g

SZCTION OF CONTAIXNER INX VHICH TEE SAMPLES OF
CARBIDE W=RE BURNED
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end enclocing this ¢ish in en slundum contziner of the lzregest

Yy

'?size thet ecunlé be placed ineicde of the bomb. Cf ccurse the
addition of these ccmperetively heavy refractories cLenged the
heat cepscity of the cealorimeter, but thiz hts teen silowed
for in the celcuisticns. The magnesie ¢dish wes msde skhellow
ent of the greestest possivle &rez so trhet the scmple of trze
caxbide conwld be spresdé in = thin 1ayer.. Teis wee founé to
materiallﬁ decreese the chence of incomplete combustion. To
furtrer insure thet the sample 21l burnec¢ the pressure of the.
oxygen wes increaseé to 270 pcunds, Or sbout 2 stmospheres.
The slight incresse in the heat cepecity of the bomb due to the
extre oxygen it now contsined was very neerly eguelized by tke
removal of the small nichrome dish which wes used witk the ben-
zoic a2cicdé ssmples.

“hen setisfsctory conciticns for tke combustion of tke

cerdide hed been determined, several ssmples were burned. The

procedure wess essentially the sume &s thet employed in detezx-

£

rining the wster eguivelent, ovut the cresence of the refrec-
tories ccsused & less repid trensfer of neat to trhe celorimeter
snd, ccnsequently, & longer period during which heat wus being'
ebsorbed. Since loss of hest, due tc redistion snéd evaporation,
wes coentinuelly tsking plece, the correcticn to de 2dded to the

observed rise was much grester then when the combustion period

wes of shorter durstion.




toen the products of tne combustion were examined they
“were founé tc consist of & fine reé powcer, which wes practicel-
1y pure ferric oxide, &ré a ¢erk coliored megnetic mesc which

wes essentislly of tkhe composition ¢f mcgnetite. Very great,
cere wes taken to remove &1l of the oxides for analysis. Trhe
lerger prrticles were cruskeé in £ mertsr, after whickh tkhe mir
ture wes put intc & flask ccnteining st lphurlc gcié solntion
{two zné one helf volumes of water to one volume of concentreated
gcié) end in which the eir he=dé been revlaced¢ by cerbon Cioxice,
The flesk wes then bheateé ihlé:stream o+ cerdon ¢ioxide until
solution of the oxides wESs comnxete. ”hle L°GF11y reguired
seversl hours. Y“hen coolea't“e resultlnp qolutlcn wes titreted
with ZMn0, solution eré the value of the Fe(, expressed in c.C.
cf XmC,, thus ob;ained. The iron was reéucec with zine, the
ryérogen bcileéd off, the sclution qulckly cocleé in e streem of
caroon Cioxide, end egein titreted with more of tre seme per-
mengenste soluticn. The velue for & Dlenk on tke zinc, although
this value wes too smell to have mucn significance, was subtract-
ed¢ from tre number of c.c. reguired for trnis second titretion.

of K’.‘.”fn04 .

Tkis geve tkhe velue of the total iron, exprescec in c.c
Frog tce two velues obtzined zs 2bove it is essy to caleu-

late the frzction of tne totsl iron present whick burmed to mes-

netite, and the frezeticn whick burneé tg ferric gxide, without

Knowing the strength of the permengenete solution. * If we essume
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that 8l1 the Fel precsent ceme from the megnetite, wiich mey be

"represented'by the formula FelFe,0;, tkhen three times the number

of c.c.-required for the Fe0, divided by the number of c.c. re-
ouireé for the totsl iron, must represent the fraction of the
totel iron which burned to mzgnetite. Iizewise, the number of
CeCoe feéui-eé for totzl iron, minus the number of c.c. reguired
for megnetite, éivideé by the number of c.c. reguireé for totesl
ircn, rmust represent the frsction of the iren wrich burpec to
ferrié cxide. / specific example will mexe this more clecsr.

In & certein determinstion the titraticn for Fe0 reguired 21.12
c.c. The titretion for totsl ifbn'feQuirEé 7Z.25 c.c. Then

Z X 21,12 = fracti'nm of the ircn wiick burmed to msemetite.
72.2L ' ‘

Ind 72.25 - (2 X 21.12) _ fraction of tue iron wiich burned te
72 .25 o

ferric oxide. Znowing the weizht of the sample uced, &nd the
emount of iron wnich it éontained, we heve egll the date neces-
sery to celeculete how much Leet should have been evolveé if the
ircn ané carbon hed been present a&s the elements instezd of cam-
tined in the compound Fe,C.

The method of enslyzing the oxides &rnd mexing tke celcu-
lsations is essentislly the ssme &s that used by Ruff ené Gestern,
with-tbe exception thet we were desling with megnetite ené fer-
ric oxide, while they were concerneé with macnetite sné ferrous
¢xicée. L more elsborste electrometric titraztion, which we first
ettempted tc use, was founé to be no more scecurate 2né much more

troublesome then the simpier xmethod just cescribed. £ prelimi-
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' nary test of this method, using semples of n: turcl magnetite,
gove very satisfectory results. It is to bte noted thet slight

. jnsccurscies in the enslyses éo not very m:terislly effect the

finel result, since the error is not ebeelute out reoresents

only tre Gifference between the heets of combustion of iron to

megnetite &nd to ferric oxide. |

In the following teble &sre given the'results of the final
getermineticns. Thile most of the dete ere self-explenstory
&s tsbulated, the fcllowing explenstione will serve to mexze

clear eny tebuletions which mey nct be self-evicent. 3y "Tctel

 heet cepscity of tke calorimeter™ is meant the numbter of grems

. of water used, olus the water equivelent of the cclorimeter,

pius tne hest cepecities of the refractories usecé. Ry "Cor-
rected temperzture rise™ is meent the finel tempersture of the
hest avsorption eerioé,'minus the firing temperature, plus the
reéistion correction. 3y "Totel iron burned” is meent the iron
in the semple of csrbide plus the weight of the Tuse wire wnich
wes burned. This guentity is equel tc the wmeight of the simple
times ©Z.2Z%%, plus the weight of fuse wire burned. By "Fest
evolved by iron burning to msgnetite™ is meant the totsl irom
ourned times the frsction which burned to msgnetite, times the
ve lue 1E59E.€ {wanich is the number of czlories evolred ﬁhen cne
grem of ircn burns to megnetite). Similarly "Hesil evolved by

iron burning tc ferric oxide" mesns the totszl iron burmed, times




the frzetion burned to ferric oxide, times tke velue 173

{which is the number of celories evolved when onme grem of iron

burns te ferric oxide). T"Heat evolvedé by cerbon burned™ is the

weight of the cerben in the semple times 780 (wecich is the num-
ber of cslories evolveé by one grem of cerbon on burning to car-
bon dioxide). "Totel kheest which free elements woulé kave evolv-
ec" is the sum of these three hest effecté. "Fest evolveG by

combustion.of the ssmple” is given by zultiplyirng the totzl Leat

cepacity of the cezlorimeter by the corrected temperzture rise.




I. II. I1I.

Weight of ssmple 1l.1882 1.128RZ 1.14¢26

Yeight cf fuse wire burned C.0C20 0.00c4 C.0C64

Teight of water used 2074.0 2037.1 202Z.2

Total neet cepacity of :

calcrimeter 2£1¢.0 2817.1 22Z%3.8

Corrected tempcrature rise .0400 C.c38e7 0.042¢

c.c. of XnQ0, soiution for

ferrous iron 21.12 19.58 1&.5Q

¢c.c. of XImQ, solution for

totel iroxn ; 7Z.28 71.84 72.21

Fracticn of iron burreé .32 if.EE L8420

tc megnetite 77.25 71.84 TZ.EL
. Frection of iron burned .7 1Z.16 1c.01

to ferric oxide 72.2E 71.¢4 - 725

Tctel iron burned - 1.0200 1.071¢ 1.078%

feet evolved by iron :

burning to megnetite 1EQZ.E 1207.2 12¢9.1

Eeat evolvec ty iron

burning te ferric oxigde 28€.1 244 .2 262.2

Veight of czrbon turned c.0772 ¢.078¢ C.0765%

Eeat evolved by carbon ,

burneé A E0E.E £0€6.1 €00.4

Total hest which free ele-

ments woulé hesve evolved 2726%.° £227.5 2262.7

Feet evolved by combusticn

cf szmple 238C.0% 2Z262.7 2%89.2

Difference, or heet of

formetion of ssmple ~20.0% -2%.2 -26.6

Fest of formztion ver

grer of the e rbide <17.23 -22.1% -2%.20

tHleen heet of formution per grem -20.9

Eeet of formetion ocer Gram-iolecular weight -2,702 cel.

L4
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Tbus, using the vslues selected fer the hests of formstion of
‘megnetite &né ferric oxide, we heve obteined -2,752 cal. per
mol as the hest of formsticn of the cementite electrolyzed
from & pure iron-cerben zlloy of eutectoid structure &nd cbm.
positicn.

2 comperiscn ¢f the results ovtainedé by verious investi-
getors in this fielc, concsicderec witn the nistory of the cer-
bide with which esch one workec¢, lesos tc tre conclusion thet
cementite mey exist in two ellotircpic forms heving the szxe
chemicel cmposition but ¢iffering in heet content.

If we ¢isregaré the work of Cempbell, &né of ESchenck, on
the grounés of definitely known objecticns to their worx, we
heve left for concideretion the velue of Yermilov {2270 cal.)!
thet of Buff (-1£,%00 cgl.), thet of Zexwell end Beyes (-1¢162
esl.), end the velue obteined by the writers (-2752 cel.). e
have alrezéy menticned the fret thst Vermilev's velue, if re-
czleculsteé on the ssme besic &s our value, or tret of HEuff,
would give stcout -Z0NC cel. instesd of 227C. Thus our work
checks thet of Yermilov very closely, wpile Eaxweil's veloe
quelitestively checks thet of Zuff.

It seems highly improbeble thet such discrepencies in re-
sults coulé be czuseé by experimentsl ér.ors, or by the very
smsll emounts of impurities in the cerbide uced. Vhet is much
more likely ie thet 211 of these results esre &t iesst spproxi-

mately true, end tpet trze cerbides on which the wifely divergent




s armimare.

results were obtsineé were tnemselrce Gifferent. +“hile

¢efirite proof is still lecxing, the writers sévence the

following vossivle explsnetion: Cementite, &s formed et &

high temversture in &r iron-c:irbon slloy, hes ¢ certein ¢efi-
nite heet content. On cooling it tendés to uncergo trane-
ition, ﬁith evoluticn o heet, to en glletropic form of lower
heet content. However, owing to the vressure endé rigicity of
the steel, the trenéition is prevented aﬁd the cementite re-
tcins its modificetion wkich ié cteble 2t the highcr tempez-
gture. In the process of pvrepering cementite from &n snnesl-
eé steel, by sny sclution metnod, the very trin plétes of ce-
rentite undergo trensiticn when the iron.is dissolved awéy ané
the pressure &né rigidity ccnsequently removed. Therefdre,
the hest of formaztion, &s determined on & szmple of csrbide
erepered in this wey, woulé zovpesr grester then the velue Ge-
termined cn & sample which hed nct undergone trensitioﬁ, éince
the heet content wculd be less. |
Yerwellts cete give the hezt of formestion for the cesrbide
gs it exists in the slloj. Censequently we wouléd expvect his
vzlue to be the lowest possible, wiich it spparently is. Since
Ruff workeé¢ with soli¢ fragments.of messive cementite, &s c¢is- |
tinguiskeé from tke very thin plates of eutectcid cementite,
ené since thecse fragments possessed consicersble hardnéss &né

rigidity, it seems ressonsble to suprnose trst most of kis csr-
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bide he¢ not undergcne trensition, slthiuvugr that on the sur-

. fece of tke fragments ?robsbly bsé. Consequently we would
expect Euff's velue for tke heat of formeticn to be low but
not s low &s Fexwell's value; wiich ggrin is Irn sccorGence
with the fscte. Yermilov prepsrec¢ uis cerbide, & €61ié the
writers, by solution of the iron from en znnesled cteel.

Then we would expect thet his ccrbide, enc our own, Lhad unéer
gone t:ansi%ion when recoverec¢, &né that the Lest of formetion,
ss Getermineé on tkis esrbice, would be ccnsicerzdbly grecter
than the velue obtzineé by Euff, or oy Lsxwell. Cur results,
in close sgreement with those of Yermilov, ceem to bear this
cut. Thus, we see thst the sveilable frctes 2re in supsort of
this ezslspetion. TFork is ncow being cerried on to sdé to tre

evidence for or eguinst this hyocthesis.
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R LS b

%e rave determined the heat of formetionm of cementite,
&s electrclyzed from & pure iron-cesrbon £lloy of eutectoid
structure &nd compositicn, &nd heve obteined the velue -27:2

cel. per mol. From & consideration of the results recorde

(e}

oy other workers on tkis vrobler, &nd the results which>we

heve obtsined, we have concluded thet tﬁe Lezt ctntent of

cementité, &s prevered from anA&nnealeé steel by & scluticn
method, is different from thet of cementite ss it exists in
the &llcy. Tc account for this difference we neve alvenced
tre nypothesis treest & transition takes place in the cementite
wheh it is‘freed from tke pressure endé rigicity of the steel.
The reat evolved during this transition sccounts for the wide
ciscrepency in the recorded results for the heat of formstion

of this compound.
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