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INTRODUCEION




sovurotia knovladge of the aguilibriun botwoon
chremium and oxygen Glesolved dn liquidd iron o of grool
importotes i the nonufaobure off elloy sboels cobbainivg
chraniuge  Despite tho faot that a consloorebie cnount of
rosaerch work hop beow dona on the procosces controlling the
produskion of olloy ctoolsy otild the disorepancion in tho
available deta by tho verious invaesotigotors ore on wido that tho
thoory of alloy stoel maiziug connod bo plegsd on o sound
thooretiival bonio.

Chromiua 4o one of the mein constituonio in wost alley
sticolo and tho mojexr olloring eolement in staivless otool. Siuce
chwoniun foras corbiden, o vory low cavbeh gontont io dopirelilo
b Ghe high chroaniun sbeinless stocls $0 cnpure high rosiobonoo
So corrondon. Tho eclootive oxidotion of covbon from
high chweniun melts. has long prosented a problom 4o that
chrcniun i alov exidicads Bigh foaperaturos exs vory
degireblo $0 mivindoo éhe doos of cheoniwn %0 $he slavs 1o
ordor 0 aosomwthe bost conditlions far decevburiaction ond far
mindtun oxidatiion of chromium end fvon pocwrate doto must be

avolleblo on the offoct of tomporotiure ob the Fawlr-G-0 gysions



Thare Lo o conpidoyoble scettor i tho exioting
dobo op dhio ayetoms I vicw 0f the Luportenca in molsllurgicel
provececs of chvoniun and ibe oxiden end Fo-Cr slioys. soowrato
data op this gystom would bo o useful contribution towardo tho
thoory of olloy obtool wmokings It would thon bo quito poopiblo to
axtond thip woxls $0 cover novo complox olloy stoclss

Howevory the foremnost yrequivenunt io tho basic
thomedyaonice delie polating ron-chronium-oxggot ollops oud Ghis
femmo tho booke of tho prosent worke  Tho thoraodybonic
propertion of fron-chreniunwosyssn olloys hovo boon studied of
17007 by oquilibroting iron-chvonlus melts with hydvogon/votar
vepour mhxture, o tochulguo vhich hos boon employod with cousiderable
aueooss A provious gooenstal studioss
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(1) ARORWORRCA SIYEVIIIA

Por o clowr vedorstanding of the bosio z*aagatimm
ia ptoaolmal:ing, it Lo laporteut $o know the thornedyoanic
progoption of oxypon in tho molten otocls  Uxypou dissolvon
i tho liguid iron scecopdiog to the ocguation:

Op — &
“ho symbols waderdined roprogent dissolved clononts Lo Liqukd
Axon,

it 1o gouolly found that liquid iron contaiss
neeswrobdc cnounds of oxyron. The polubliity of oxygen i
Liquid iroh Lnarvoses with tonperature,  Diileront equationo
hovo boew piven for the oxypeon eolubillty by verious vworkors,
thope will be Jdiscussod loters  Aloo A6 Ao Tound Yhot tbo
oxkdo dn oguilibeium with the notied ie non-plolehiometxric ond the
PafO potiio tb the oxide focropsue with inorccoing fomperaturce
i6 o probeblo that the imniocible notel aad oxide phopos boecono
noroe ndseliblo ot higher temperstvros sud that eltinmately the
ndeolbility gop vanbobiops

'i’hé aguilibelun dieproem for thoe Fe~0 pystom Ly Davkon
and Gurry (1) o phown 4o ‘Eiﬁ‘iz:gg (1)s Tho solubility of oxygen

i Jigquid ivenm is linited by tho fovmobion of o liquid iron oxide phase.
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Tho pertiol prospura of oxygon ab which thio phoso eppiors

hop boan Pound 4o bo no Low thet 46 coonot Do wespured
acowrntoly by diroct mothodo Baporinontally, to ptudy the
osypon proasure o aguilibyiun with roneonypen golutions, o
coptrollod mnixture of othor goeoos, comaonly HoO - o  op

Gg = €0 1o ugeds,  The wont oconvopiont ozperimentel mnothod to
ﬁﬁﬂ@?‘ﬁh& oobivity cnd free coorgy of oxygon dn liquid iron Lo

by mopno of tho ronction on uadors

Hg(a} + 2 = EEO(@) wossnanorina LL)

3?'.;{ = Pl
pg = &0

an viow of tho Luportpnes of the bohavionr of osypon
dipsolvad in liguid obeol no o yaflaing ogonty o naobor of regoorchos
hove boon eorried cut on tho above roochlon by orious voprkorss
Chipman (2) wodgo ono of the carlient nbudios on bhis roaction,
by poooing o gontrolled minture of hydrogon and waber vapour ovor
o smodd chowvpe of eloctrolytic ilroen, hopied by laductions The
cherge wan hold in tho nolton condition ol conetont Somporsture
foxr vowying poriods up 4o o noximws of 2 howrs fop tho
oobablishmont of eguidlibrdums The motol wae than alloved to
poliGlly ead Lts exygen contont detormined by the vocunn Luslon
mathods Ghigman‘s(gj oguiliberium data showed thad the valuo of

N ;
By chanpos with oxypon cosconsvebion, thus bodiesting o dovielion



of the syston froa the lsws of idoel solutions. The

rogulto o thia uwrk \2) vere neinly confined 6o low onygon
concobtrotions aud the fow experimenis ot higher oxygen
concaatrations vwers rejectod for the rcoson that liguid fovrono
oxide wop ogeatod fra@ thuge nolis duriog coodiog ond the
analyticel resulép vore thexafore, 10way.ﬁhaﬁ the ewmmilibrivm
onygen concontrations,

Pontana and Chipmontd) oxtonded this work to the
linibiog solubility of oxygen in Jiquid ivon,  Their
gx.opinentel tochnigue wes bopically tho same e that uaed by
Ghlpméﬂtg), axeept thed b0 avold orrera due to the thermel
diffusivn, the gesaous wiztures ware prohented aﬁﬁ secondly oono
of the wells wore quonchod &b solten 4io or wetor in on offart 4o
ratain the bigh tanporofurs cguilibriun ouypen convoentiyetion io
tha wotals  Contrery to 4ho provious deto (2} 1% woo found chat
the equilibeiun coostent of the raawtiew(ﬁ) wan 0 true consbant
ot oll OXY N soncentrations upto eud ineluding seiuretion and
ﬁhmﬁ the sebivity of oxygen vas pragérkivnai to its concontratiion
tot coly in dilute solutious bub in oll renges of uxyuow
QORCONLrationn.

mamerin and Ghipmahﬁﬁ) atudied tho offect of tempoerature
on tho rosction (1)s  Tho exporimentsl procedure wop exectly
the somo oo that used by tho previous w@mkeracﬁ). Thqy(hg

coatirmed the work of Ponbena end ﬁhipmﬁniﬁ)q



©s

boptur siod Uhﬁ.gmm‘i(ﬁ} in o latoy study of the
tosetion (1) stetoed thot orrors due o themuel 0iffusion could bo
oliminatod by diluting the water vaepour/hydrogen mimufa with
prgot dn the vatlo of 1 & & atd probosting the inlot gasop upbe
the tewperature of the welis  Théy aleo concluded from thoir
Linitod sotudy theb K:. 1 wa oOnsbonhs

i&%cﬂwar}(é’ stuvied the equilibriun in $he resction (i)
and olec the followivg reactions in the range of 155(‘:"’ o~ 1‘7&;@0(:.

GO o O — G0,
i

TTY YT YT Y (2)
© 2

KE & Eﬁﬂ% |
pod 2 L O

8,

£
=

Q

el —— ﬁé@ ¢ O wessonannas (ﬁ)

K. = pil 9 o life

3 L
pilp  » 00
The solubility of oxygeo in liquid dron woo
obtuined from the doto on rosction (1) and (3). Conbinstion
of tho daba on resction (1) awd the dota on posction (3)

(au@ the corrosponding vooection 1ead bo)
Fody (1) = b‘ﬁg&.) # 0 sesonsvessene \4)
Ll
;({1; & 0 x Mo

PRI L R

el
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The aquation glven for tho solubllity of oxygoen
ba liguld ivoh wee eo followst

s

dog &) w = 3 + 2vbe35

T
oy dog b O (maxiaum) = 5,762 « 2,435
@y L e

P

whilch gév& Whe golubility of oxypon in Lron o %5 wolbhup
polod (1530%C) ao Owd7ie |

Values of &i; wore olao celendeted by moans of tho
known £ree caergies of the goses iovolved in the woter gee
rvoaeulon, Hesction (1) ond (2) ave volatod by the well hoown
water gas xopabion. ‘

Hy ¢ Gy — HoQ  + GO

Bug = pHO % g0 o gy

pllg % plly Ky

Gmlmn(‘é) aﬂfsmbumﬁ the disegyeanont in the provious
reptlis $o thevmel diffusion and iLonecourate oxysen oonlysiss
Ho (6) uscd the tochnique of bubbling tho geseous mixture through
the molt %0 elimingbo thormal Giffunion.

Plaridio ond emgmn{ 7 ﬁ.b thoir study of the rosction
(1) found thot the rooulbe obbatood vwhon & 6 § L argon to
hydrogon robio wes used in the induction furnoce ond those

obbtainad when the gorocus wixiure wes bubbled through the wely
in o resiatence furnnce wero in Laly egrovaente  The eguation



given by Flovidis ead &higman"} chowing the offect of

temporsture on the easilibrivn ponstant of resction (1) woeos

log By ® 1050 = 3,20
KN
Q vy o Ly s

AG = wB2,RED 9 Ma0Z T oolse

&% the tioe of tho Lovostigetions (J,4s5) it won
cenpldored fram the work of Yritton and dHonsvon (&) s Hapty ond
Goios'? ono Kevbor oud i}almma“) thot %he solubility of oxygeu
M irvon ab 155()‘}(} was sbond Gs2lie &6 wos thooght Shet wpio
thiu oxygon goncentrabive there hod boen o primery wuobite
procaut beforo quenching the meltn. Lotor Gote on the

sodbubility ol osygon ia iron ot ibs swldiog polot by Chipmow
{11) (12

s Roylow ond Chipnen ) end t’éolmen(é) showed It to
be 0ed7s auygen ob 153070

and Pebiers
Yha hi;gh@r voluds of mopotoobic
conposition in the ironeuvsygen system raportoed by the aarlmﬁ'
vorlkore (6,59,10) wore probably éue to inpecursto teuporatura
mgopwronen$s,  The eplical pyroucter uudsr tho expoevimuntiol
gonditiions oight have given low domporeture yoadinge dus o
nofallic £ilm forantiou on the glaos window, whilo the actual
tomperatinre «ight bo highery dhus giving bighor velues of
onygan solubliltye.

, A » '
Zho dote of Pobtonp and {Ehipmma{ ) showed thed z*;l
vas dndogendent of oxyron concepnfrations  uplbo abont 0621k

‘i‘-htay(ﬁ) baeed theiy conolucicns on the resulto of 6 experiments in



Je

4

tho panpe-Ded0 » 0880 oxygen Corr which the veﬁtue 6f Ky ves i
pppros oot eppeonoont vith those of hosts contodnins 2 loss Shefi Qw7
exyionsy Tho later knovledge of oxyeen solubllity in iron showed
thot the wonoteotie point iLies ob chont 0W 165 oxypen, L6 is
thorefore quite possible %o baliove that the ggmmgi Q??‘ oxpor inonbel,
wmokls lying ovove Oulf pobs LHFEON mighé ¢hl bave lopt appirocloble

cmounta of Lron oside during freoveing, booouso the wunﬁzing,
Gochinigue used by theese ww}:eraw) lnducos freoning Lrom %ha
botton upwords Thin lose of %;x*iuw&:*gr iicuio wuntito ﬁuriugﬁ olow .
sodloificnbion wuldd have piven lovw oxygen aguilibyiun copcenteadion
and thus a bighoy volug of R-Z; Tha ogrosmcot with the rooulés

ab lowix oaypen cohcoutrotions Ry st ibly bo dnckdontol.

Unf‘cpz*-tzm:mbely# ap hoats hed been pode An the renge GO7 ~ Oadt pele
CHYEON

The woxk of Destur ood Ghiymnw ) ven Limdiod Yo
oxygan costents bolow (w00 pots  Albhough Shere vweo leoos liklihood

of loss of oxyzon during ﬁuhtia,&“‘icaﬁim, begouse the vougs ptudlod

it} ml'l, below goturation, i af:i.ll 84d nak glve chough prood that
i»;g. e conpbent upbo fha spturetion velue £or oxyeol 40 3110ne
Ropationh (1) was also ptudled by Ma‘mbm( 9 s dvOring
Polyekov and %&mm@iﬁ( 1 ;;aw moks yacotly by Sovo and Eéa&;m:mﬁ}
Io she work of Bano %ﬁt{ﬂ iii%e:uzma(w) tho oxygaen concentrations yengoed

fron 00l » 0u82 pots %o provont sogregotiion snd leon of oxygan



duirdop Bampling, ¢lther ovgon quenching or suckicd inbo o silice
tubc wos vaods  Thope wore adoplod sftor e cuaperabivo

study of the poupling tashniques o ob offord o rotelo tho
aguilibrian oxygon concontrations on rophd covlinge  Hone and
&%sﬁmaﬂﬁ) fron $helw delo ropresentoed thoe solubility of oxygon io

iron with thilo squabion,

2,08 F o s wieBhl & 119
é‘sf&.ﬁ{)ﬁ @

widah glven o voluo of Oedl oxygon ob 1550%,  Tho vooulba of Hago
atid Salkao (48) ovo shown in Phg (8) olong with tho Jutn of obhor
invashigatiors, as o plok of éwq&ili.izri.wzt aonoband vo oxygon contond
ati 1550, 16030 aud 3.6539%.«, ;&{._;‘ o phown oo epproxiaedely o libcor
fanction of oxygen contonte & study of oll the awnilobleo doto on
rooutiion (1) shows thot She wepulis of ald tha oxparimevbors obhey
than thoso of Pontate sud ﬁ%}i};mmn(m » Hemordn ond mai.i;mnw) oad
Popluy at.?ﬁiﬁiﬁhi};iﬂﬁﬂ(ﬁ) tndicata thok H-.;
T onypan oobbont, loplying thet Lrou-onygon sodubions du bod coalornm

deeransed vith locreaniop

asoctly to Momy's Lowe  Phe rolution batwoon log §, obd tumporaburo

08 glyon by Sooe and. Sekeotdd) ie;

Rog £, = (= 1750 ¢ 076 ) o [ﬂ]
1y

The date obtoined by Bato and ﬂ&dwa(m} ove in poed

cppooment with those of @-ﬁimﬂﬂ(ﬁ) and of Avorin, Folyokov ond

. v osypen reugs ond with the veluo of log £
S wm(:u;) in the low osygen reonga ond wil o
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ghiadnod by Ploridis oud G’ﬁ.ﬁ.z;mm( ) whiteh des

oz $, = = G20 ﬁﬁfﬁ]

Phe cffeot of Yeupereturs on thoe eguilibviun constent
e given by the voriocus workews in shuwn in Fig {3)« Tho
aguitibrion conateoh Log K1 cou ba deternined by tho exbrapolotion
of Loy K;” v 5D curvg to soko por cond opygons Tho doba
ebtinlaud by Bono obd .‘f;éazmﬁ(‘lm won roprezentod by the cquationss

: . 7
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3 X v ; év A
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HEOMIOH, SLSTEH

& numbey of iﬂV@&tig&ﬁaaﬁm bave koon carkded ont
to dotorning he thopmodynanio propoctice of ho Pe~Or pyobomns
Thowre s copsidereble disegrecmont pmong the exlotivg dute on thio
ayatom, both in the liquid end aolid ctatose  Tho lrog-obhremiua
phono dilogran Diret invesbigaded experimentolly by ﬁﬁoucm(lﬁj ang
Lator ravievied by Eisﬁlii.awaii.,(l?‘) i shown o Phge {4

boe do the almdlaritien in the sbomic eise sud othor
proportios babweon chiwoniun and iwon, 4% hos boop em,g;gmsbeﬂgw' 19)
that Shay form Aeelk solutious botbh 40 Liqudd ond solid stotos,
This cosumbiion wos edoo beoed on tho absenes of lotermetinlllc
conpostds oue the wide range of solld sodlabilidy of chrooniun in
£ Fa,

Chan and @higmaﬁ(gﬁa assuned &9 tholy experinontal
Loveptigatilon, dhat liquid iron-~glwonivm olloys behave Adoellye
Thqy‘gaﬁ.hﬂﬁ ntedied tho equilibrium bolwaen chroclus opd oxygen
in Aigudd dvoa ab léﬁﬁcb. G0 o controllcd nizture of volep
vopoue aud hydrogot.

Lintey Lynbinov ond Gﬁomgvakayuiﬁl} amployod s nathod
undng rediooctivo chronlum for the detormination of vapour procsurs
of chwoniun i Ligudd fron-chroaiun ellayse  From tho vepour..
prospure obteined, the setiviticn, the sotivity coefficlunbs aund obher

thornodynanie proportics wore coloulatad in tho reugos of



CHROMIUM, ATOMIC PER CENT
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femparalave (U670 - 10845G) and poncentrations (1.00 ~65.19-
-

psudlad, Ehay‘gl) found a slighd posibive daviation fram tho

Rooudlt's Law io the liquid krobcchronivom aynticns

Uodoy Kowal obd ﬁai#m‘dﬁ) hove menoured the potivitiesn

of chwom.ua e the liguid iron-chroniem syston o 1630°C uste

about L0 atonko per cant oheonlusn by o veporisebion moethod using

. 22
radiocctive ohvomniuss  In ﬁhﬂ&rgéﬁ) mothod bigh puriby iroh-

mhrmmium‘allqya contiainiog radicective chroatun vore degassed and
hooled $o 1630 1o alumion orucibles  The vapours vere condonsed
on & bavget for 10 slbutos. The durabion of coudousstion wae £ined
fhroughont sho osporimenis.  The rotio of the anount of notal
condonood 4o tho tobal seound of welel oveporsbsd woea ragerded
conpbond, bovcnes the condibions were kept the sewe Lo adl tho

ozperimanin.  The redkosetivity of tho cheomiua in $he condensato
was measwwed by 6 solabiliabien oouuteors  Frum Ghe above mOasuRomOnUs,
the reletive cnount of ohwoniun evaporafed from $he undt oroa of

the surdacs of the paspie wes celouledods This way proporgionel
&0 the vopouk precsoure of chrosium, vis, 40 the pobivity of chroaium
i the molben alioyre whqycggj Feand fran tholy resulbs that ivof-
chronian syoton gould bo repgeavded os a reguler solution, showing

o togative dovintion from the Raould's Love
Rowoutly, Ghar&ﬁongﬁﬁ) hao studied tho equililriwa betwoeon
chyonium end oxygon in liguid iven at 1600% nokng o Wydrogen/untor

vepour nixture to control the owygen notentiel of the gan phova,
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From higzg%aul%e ha calculated the chromiuwn activitics on the
basle of chraiic oxide as the oxlds phass in equilibrium with

- irou~chromiun alloys and hydrogeq/waﬁar vapour mixture, H13(23)‘
resulis showed a smell nogative deviation from ideslity upto
1% Cr and above this chromium concentration a large positive deviation
frem ideal behaviour was cbserved. Hisgzj) axperinental resulis
could also be explained oo ﬁhe basig that the oxide phase in
equilibrium with Pe~Cr &lloys and hydrogen/water vapour mixture

has & variable compesition, which moans that the activities caunuot
be caleouwlated, because the free energy of formation of the chromous
oxide is not availasble from the thermsl data. Similarly from the
present work the activities could not be celoulaetods This will

ba discussed laotiors

Verious workers have éifferent views on the thermodynamics
of solid Ve«Cr alloyss  Mabveyeva sud Ivanov(gh) from their date
in the temporature range of 1100 ~ 1250°C have shoﬁn a negative
‘deviation from the idealitya
(&)
McCabe and co-workers heve measwred the schiviiies

of iron and chromium nsing a Knudsen Cells From the woight losses,

the vapour pressure of chromivm were caeleulateds It was observed

fron g X
from thelr results at 1200 - 22509 that the system shows a maximum

positive deviakion from the Reoult's Law of 19 pote At the
minimum in the phase diagram of the Fe-Cr gystem the composition of

the liquid and solid are the seme, thus the prescnce of Cr in
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equilibrium with the liquld ang solid will ke Ghe sane ab

this composition and from knowledge of the a0¥ in the solid
solublon the ot in the liquid phese mey be deduceds  The

date of Mbcabe(BS) shows & maximum deviation of 19% from

ideality it the solid alloys at 1207°C and if this deviatlon

is prosent at the minimum (1510°C) theun the liquid solution would
be ideal ot this compositions 1If, es is more likely, the
deviation in the golid solution decreases with temperature then
there will be a tegative deviation from ideality im the liquid
soluticn, in the extreme, assuming the solid solutiocn te be ideal,
the liguid solution would oxhibit a 19 negetive deviabion.

Kubaschewgki and H@ymer(26) meesured the vapour pressure

¥

of chromlum by couplivg the Kbudsen effusion methoed with Tracer

analysis in order tc ivcreese the sensitivity of measurement in
iron-chyromium alloyse  The chromiuvm pressures in the Fe-Cr system
have been moasured at 1340 - 137000 for vavious compositions From
vapour pressure measuwremeuts the activities of chromilun wero
calculated; This data on the activities show a small pésiﬁive
deviation from the Reoult's Law and is i good agreement
with the previous work of HcCabe at al,

?intaikin(27) has also meésurea the activity of
chromium in irou in the solid state and large positive deviations

from ideality are raportad,
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I a aore recont lovostigotion by Jeanonin,
a0 .
Maguapskanbs and i%ﬂ.c&aa:srﬁmn“” ") moasnrancatn bhave boolh aadae in

the tompovature renge of 040 = L5009 of tho oquilibriwa botwcon

Grgls iy e HHpU e 8 Gr
with pero clwomdtn webed aud with ohronlan eldloyod with irods
pun the work with PesCr odliye, tho ctwoming eotlvities wera

dercivad wobag he pelablonships

r 7
Uop @ ‘; pﬁfg ) . _rg,
( o8t 20 ) slley /4 sy )

'~

chy omiuwal
( pE0 ) }

Yhe gmpoglbions e&fﬁ‘ *shcz‘ adlaoys stndied rooged from
& whe povcont to 30 wihe porconts The techoiquoe emplovad wes to
cironlebo hrdregen &n o oclosed aystem over & mixtope of oxido sod
elloy v osido ood uetud and Yo oeoswro the povtiel pragewre of

watior vepour dovaigpod b 4w gos vhon the syeten had cong 4o
£

) 1, B
aguildbeiume  Tho resulis’ o ?

show aubotontiol pesivlve dovietlonn
from Ldeallty ool cled confivrm Ghe resulis oblpived by dobosheuski

(26) L25) (27)

and Hoymey® a0 HeGobe rogher $hon thogo of Vinbolkine
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(3)  IRON-CHROMUE=OITGEN BESLAs

rid
i

Phe alloying coement chromivm has wéek deonidising
properdion ond Lbe recctioarn with cuygen L0 Liuld ivone
chrondun alboys owe of intareats L Lo koown of couraa, theb
cheopio onldo i wmodorately stable st stool melkiog bemparaiulass
I ie wob aboble ebough o meke the slomend s Lood
devekdisse, Mt Ls oulficiontly atable o leoad 40 tho Lorswtion
of chromio oxide end chwondbo lucluclons &n nost shoolsy vhich
condnis slgnllficend snounse of tho allayos

Heedion of tho now metalile doodusiong have Ludieatod
fhat fhore sro at Lopsé two proouets of poection of chromian with
GLeoulved GryEots

(1) Chroala exida, ﬁrkuﬁ
ond
{31} Ghiromlbe, Feo. Gig 93
Thegondiiionn whileh load 4o tho fopnabion of the one

o the olher product sra nob eluarly dainod.
{20)

ot oad Ghipnao gepeprinenially oboopved Ghe

rondifilons of oguilibviun o sho fwo reactivus:

8 Gy o« 30 Op. 0y
L= .

A s

'.‘“ o ey o s { —_— Mo g v?, 0._
o &2 (l'%} + h.i Fao (.;..;2 ‘,}



The ossenbiale of their experimsutel tschniquoe were %o
weld Lronechroniun olloys 46 chvomlbe or chromic oxide orucibles
ang fo bring ho weld ieto eguilikelun with o cootrelied olmouphore
of hypdvoges oud water vapoury thnn covtrolling the onyges potentioal
A 4o molkls 45 won uzpechod thed bhe chromiws oonteud of thoe bath
world edjust Lboold do the eguilibeion concantrablion by yvepotlug
with vaygen L4 R wem 0 axcass or by the solubion of perd of
cruciblay U0 Ghe beth wes Jeliciasnt o chrominme Tho oxporiconts
wore corpied ont 1o an induction fwrasces X0 opdor fo ceud duun
thormel diffusion dua S0 toopercture gradianty the ges mistaro woo
srahaatod o L100%. Pemporature moesorencnts were mado with oo
opbical pyropeter aod 16 wen atatad by the vzw.‘}»:‘e'r:s{g@) theti an eprror
could he ifofrodncod Jdan o the higher anlosivity of higher chroniuas
oddarn, For the high ohronium hoste 3% wan fonud neeeassvy bo
medt wndsr hydpogom, slinee vohor vepouwr $enced o Fora ¢ oolid
Fidm arovad the ohroniue netial, thue preloonging tho bime needed For
nedangs  Low chrosiom hoals woro wolfed wnder the desived pgoo
miature shonce chronkle oxide diosolved rosdily andor hydropgon
aymoaphore, 16 wae wlso Shought thad the squilibrivg should bo
peproached frog botl the high chroslos ond dow obieniwn sidos, bob
proaculoally 0o relishlo deta coudd bs oblaiucd From tho high
chroniom 8ide du o he formodion of tho 9olid Liln over the surfoco

G tha nnlie A% wop cboerwed thot o nold with & & chrosiva gould
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bo obboined from o pwre dron chovge ky keoplug it fov only

3 houw ot &ﬁ@ﬁﬁﬁw Pron this it woos concladod

1) Yhey sho avlutios of chronie oxido was beb o slow process oid
thot tho eguilibrinom esuld bo roeched within o reescuable langth
of tima, i owount of cbroniun cborgod was ol 400 Jow, wod

1) The$ although ell the respulis wore obiained from the lovwer
ohrosiug olde, they oonld bo counhiad ov o raepresant thoe
AQaudlibirivn condiiions.

Mlorospeople oxendonailion ond Seroy diffncetion coolysis
of the solld logleoiots ghowed the presonee of chyomite and
shvomtg onddo oplys It wes alao stoted thad slighd am@uaﬁfﬁf
Ghliex ﬁﬁbﬁﬁﬁﬁﬁﬁ/%&éﬁﬁ mooawr 16 the oolid vhoeps g sClid polubions,
bt 3¢ Ghe ossunpbict that the soiubillity wen Limited wes Grue, tho
activity of the oolid phese eouldld bo aoosidorad as amsbont nod
gguel $o thet of the oolid cheonsios o obronio obdo,

The product of doeoaideablon 2% 150570 was dousifiud an
sheond o Qﬁﬂﬁuﬂr$&§) 0 low obrounion ragzo (5.0, Bax) ond oan
giveonis onlde ﬁ%m23§3 i high chroniun sboslss  This stobonont
o suppused $0 bo Grve only vhen $ho omygon 3o tho wetel 4o
sractdy o eouilibriwy with the steblo non wobellic phosos  IE
oxyecn e Ln sueh oneoss, Ghe precipibabion of bolh chreanite snd
chvanls oxkes could Hu ponsible, ihen ehyonkle was thue stable
gobld phaso, $he venction iovelvod o the systen wos

FeQp gy (8) + By (g) T wit00g) + Fo(l) « &0p

twanuuwta#t(ﬁ)
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(vhoro "a! donoben solid stato, "g" gou otete and 1Y lhguid olats)

L% van oppumvd thet 1'eU.lrzUs wap o pure o0lid phose,
thot 4he eetivity of irvon wes cuonatent, end that the activity of
chronium was progovéional o ite weigbé peveasts The equilibrium

conpbont for the sbove raset.on vas theos

= é phigh é‘g*‘ . [@aw.]

vy

e

( Mﬁ;g )
Simidory, when chronic oxide wao the solld phesa, the resction and

sorilibrivm constsnt wons

{331‘303 {i;::) ¥ “".i:& C&) 3‘“&3‘3 (g} 4 gﬁﬁ sosasteed {,6)
. , o R
Ao % Pl § » [,,m.m]
_w«m
phig

The ogustions Dor e equilileiun consbent or rescbion

(o) aod (b)) whan writlen Lo logerithmio Lorog weas

— i i)
pliy, ) *
Rl
A0z (ple0 y ® L log ke & Lo [ e:;w]
PR - " '”f;‘ “§
(e g

4

from fhaiy exporinental rosalis Chen and Gi‘tipmmﬂ\
showrd that in the xenge U-% % Or, Ghroaibe woes the oguilibrium

 phasa and the slopo of the logewitomic courve wes - 1 while in the

2
rougs Sed w edpH Gr chivumio ozide vas the eguilibrium vhesd and the
slope of the logeritinie curve weg -2 »  Lator when Ghipnen 7

5
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ravicwad thié vork 0 the light oy invmﬁﬁigaﬁicnagjp)mn the

onhds phasos A the Fe-lr alloys L4 was cousldered shat in tho

pengo W22 Gry tho slope of tho onrve wed shaspor and 30

eurpeseronded 0 B 80lid pheso of composibion U il. 15 wen

fuvther suggosbad thet iu Sho U 3, wang the oate would bo beftar

sorved by o 1ind of sbteaper slope Qeve obe eocrespondiog o Gride

Aimllar sbudics ot the Fe-Greu oaquilibria wore latew

wiad out by LLocsiuskid aod Sameritdid, Tursdogens39l ang

carglod out by Lioesiaskid aod Sanorlh y Lurrdogan

Gh&?lﬁ&ﬁiz )y

P AR . . i
hinesiuskdil and @amaxlatjif iy bnaly otudy of tho syston

X

3

xy

ot

agusditratod lrot-chroniun ellcys with waler vepouwr and hyderopon

wizbures  slumines orueiblos were ased svod thus ths eouilibrium

wag enppoeched by oxidiskloy oheomian ouh of Bho molds  Tho
aguilibrive won considered to hove been atiained ag soon s og onldo
phago evpeared on the aeltd surlooi. fhim io gob qults WO oo

I migh¥ bove bosu nooossory o euidles cousiderable suousts of

chronium fvem the weld for a pevdiculey cee conposidion before a

true couidibrivm wves abtsluad.  From this Hoidbd of view iLb ey bo

connldorad that If tholy resuils sro subjood $0 oproe A% will bo

dud bo bigh chraslun conbeatse  As 0o other axpepinontsl dodells

Rere gdvaes, L6 in nob koown 88 adogunto proceltions spuinst $hopneld

divfualon wopa talens  The cquilfibcium equabion wes Gapresscd in a

ganeral Toran and en attonpd wade $o evelpebe Yy sxperiaentallye
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Furkdogon hog studied the ropotion:
Grp0y (o) « g (@) = Fiy0 (g) « 2 O
K w g‘gfﬂggﬁ} ;)»"5 s ¢l

pﬂéj oy ol 3

in bio (i) axgperinentol tnchblque, xoa-chromniun
modte wore held iprecrystallised aluming crucibles ond
aogullibrated with hydropendvetar vepour uixturo. The goo
mﬁ.@ama vas dilnsed vith orgon o tho mpgon/hydrogen rotio of
L 3 1 ond prohoatod o L600YC o uvehd thernol iffucion.  %he
Ccumposilbion yango studled ves J - L2 pol of chromium.  In ail bhe
onperimontn the eguilibriua wos epprosched from tho high
chromnivnm 'r‘smep lede by oxidiolng somo chroniun oug uﬁ‘ sho molbe
To eapuye that the wolion motel wao Gxpostd to ?;hé pes: gheso
Yor roapid ostablichacsot of equidibrivh gos cnd initial chrosiun
eononto tfsei*e éﬂ;}um#ﬂfs so thot only o ouodd saount of chri}mﬂ.@
exida won Formed nd thus £loated Lreoly on the Gope  Hach
oxparinont won continuad Tar 2 heee ofber tho ag§amramw@.mf elags

on the molt. At the end of the exporiment, tho resction tubo



was Flushed with orpon aod o souple doken weiog o willce tuks
Toylor HBompler and guotchad o walors Tho onygen

‘ o H) T 4 "'52}
detorninobion wera wedu by the vecuun fupion wekhode Turkdogon's
rosults give lovor velues for oguilibriws chromlum coneootrabions

(&)
an conpered with the data of Chen & Ghipmon

[
in tho iavestigstions (20, 31, 3%2) dlscucsed proviously
the behaviour of chwendug in iron woos cssumed idool ud ouy

changes in thogrediont Lo the log ﬁﬂ%ﬁ v log Or plod were supposod

plig
to be dua 4o chovgos it oxbde phosos.  Ighoviog thel part of

Livozinokil end Sam@r&n*aiﬂl) worle {ebove 16+ Gr) vwhich havo boon
found to be thooreticelly unsound, ell tho shree loveatigations
have coneluged that equilitrian with ohwonito sud then chrosic
oridu ds Lovolveda

ﬂharltan(ﬁﬁ) in o more rocont study of chromlune
mayg@ﬁ oouilibrie An liquid iven ob L600YC hes ouggostoed thob
ivon~obroniun selutions cannot bo ropordad os idonl colubions.
Upto 14 pots chromlun a negative ceviotion froa Rooulls Low

uen yeported. A wido reogo of chromiwa coocontrationns were

ihveotigetods  I0 his (23) oxgerimentel techolgue ircns
chroniun olloys vere squilibretes with hydrogen/wakor vepour
miztures 10 oithor chronite or chromie oxido oruoiblos.

The exporimonts wore cerwisd oub of L600Y% in o aokybdenus

uoung resistence faroacos  The temporetore nepsurouunts wore wedo



Eﬂh

asiog e S sh P6/80. Rh P6 thexmovouplos  The goo nixture viab
bubbled through the meld o hesten tho epprosch 0 ogullibrium wod
aleo to oliminabe the posoibility of thermel oiffusions ssporieonio
wero contiouned Py about 4 hros. ood %@m&ﬁimmm gvan longer poriodo
vhen the chrosiun ceotont was high or oxygen poteutisl Lo
Bouidibelun wag epprooched both Lpon the Low ohromiun end bigh
chromiun oidess  Several axpeyiuents wore medo 0 find each
oquilitwiwn points A% She ¢ud of ov exporiumcnl a nanple wes Gakoun
ushing & orliea tubs Taylor Soaplor, afﬁéﬁ Liuching the rosction
sube with crgun. The sasplos vors quonched fn wedore The oxypen
undinobions vore mndg by tho vecunum fislon aobhods

Gharltwn'mﬁgﬁ) yasulés shoy agulllovivws with chronite in
thae reupe 0 « 30 ohwomiume  From 5 « 100 chromiun his ropulis show
a eunbinuous chaogo in the gredicoet of dhe aur#@, indiootiog
ropleconant of ivoun by chromlum,  From 10 = 24% obrosiam he hoo shown
& alope of miuas ong {ron his rosults, but 1o foct bis resnlés in
thio éanga (10 = 24w Gr) suggost a Blopo of - leb.

A birdef cumporioon of tho verious deta lo shown in
Qoblo (1), vhove the froe encrgy of formsbion of Gifferent oxides of
chroniun oo found Lo the verious works Lo givens  Tho valuos
ore oll given ot 1630°, tho purs substancs bodng boken ao the

slenderd atatos
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A reviow of $he previous lovosbigetlons op ibo
PowGrwil gynton hovover tndicatos thed corno of tho workers hovo
aongidored tha aesunpiion of Fo@lor,0y and Ceply loglusions obly, oo
inodoguato to oxplain tholr ropulisc. 1t is thorofure, stroogly
snopootod that pomo othor oxidon of cheomion moy be duvolveds  Hineo
ﬁ'aﬂ.ﬁwgﬁ:} o Wfi{}:ﬁ ore tho moet stoble oxiden of iron aud Chyonlum
af Lovw tomporatures, divoct obsorvotion of othor posgiblo phopon hoas
boon GilPilouls ond tholr oxiatonce ond ppocific idontitico bavo buah
lorgely o meatter of speculobion o lofuroncos

1iteyl39) in wotionelizing his observations of the
rolotion betwesn eopbon cod chrenlun 4o nolben lron under oxidisiog
conditions ouggooted "Cr0® oo the oxide phese Auvolved on the boolo
that the eguabion |

Gl e 0 = O o Cf
£i%0 tho obsarvotions guito woll withoulh complicabions.

Doundo and i;meham‘iwnué) dipepreed ool prasogied
caleniotidons pueportiog 40 ahou thed Hilty* awﬁ} raoults could be
prodietad fpon the acbivition of chrenin asd cobion and the
saowapbion of ﬁrg*}gna the dteble phooes

Ghi;;maﬁw% iy rovioing the provious work of Ghen & ﬂhif;l‘ﬂaﬂ( 20)
osunnarisoed bk oboervetions with tho stobemond thot ob 1565%G, chrunito
vea Ghe nhoble phase $v eguiliibriwn with nelic cottiolulug loon fzhém
- Gp and Shed thoee was o conbinous chepgo in tho grodlont of thoe

curva A tho range J -~ 104 Gr and ob bighor Or cobcentvetions i



afe

tho metel Gral, booatio the oteble phosds |

Simen, Seller and Dowlper {37) vevieyed Chon and ﬁhiyman’aczo)
obnorvabions, and etbenptod 4o oxploin thely owypon sulability rosulis
by ceowndog o hoaogaveous aotel phose conbalning "CxlYe  Yhey
sugrentod shald ehranlbe snd Grgly snclusions oboorved to contndn
iolands of motaly couwld Lorm by the pevovipliobtion and
dloproportionotion of disuclved Grly  Zepife(3b) sleoo discussed tha
posgible formobion of Gy Ly dioproportlonation of Grls
Linosinokid and Senarieldd) rovogolsed only dwonite and clhwonie oxide
to (ke polld phoses Lo oguillbeiun with tho mnobel, Wb postuletad thet
ab chronlwn coneentrations above 16 putis in tho motel, Gio is farned oo
ap ontity Qiscolved $n the wmotsl, though nob oxiobiog e o seperato
phoae, & hypothosis whicoh s vory doubtlule

Bilby, Forpeos mnéi?dlhmaéﬁg‘ﬁe s detolled study of the
coppopition atvecture ond proporties of the oxide dndlusions. X6 vwes
ouvasidorod thot with sufeiolontly rapid cooling, the privery inclusions
ara reprasonbative of the oxide phoses in aquilibrivm with the notel
b the tine of selddificetions & ccgporioon of tho sdructure of the
Aoclupiens in repidly cooled bonto with those io hosts eooled ob o
- blouer wrebo wos elov aede to datermine how the primery inclusioos
ey bo moiified hy ngaquont yeoction or (ronsfovmations The
chavactoristics of the iuolusions vore studled ot verious chroniwn
aahontin by nilorusaoplo oxembtietion sud S-pray iflvnebion

invostigadlon of the inolusions isclptad foea the moteliie wmobeis



&ty

by olootrolynis of the vamploss Polerdzed light wos uscd o
datormino the true drancmiseion solour ag vell on the pressoce of
fuclusiouts

The cotegories of olloys wors ovbitrevily plaved ap

follovns

1) Low ohyoalun 0« 3 pote O
2) Hodium chrogiun He 9 poty Ox
3)  High chyomiwa 9 » 25 pobs Cx
4) Vory bhipgh oheanium ovor 25 pots O,

&0 tha Low ebhromivm olloys, tho inclusticns wore of the
chwvemite typo. Eevey dRffraction gouolysio ohowed e simplo cuble

aﬁmatm‘ﬁ of tho ﬂ;;;i.t{ei type Levs FalaUrglse The &nclusions in the

madium rouge vere siniler to thuse in the low cwomium hoatn, excopt
that thoy had a vorlable cxiel rabio which appocrs o hove yvesulbed

fron o aissortion of cubic ppinel structures.  Tho incluaicn in the

high cheontun lovel hed o ptruacture with ao odmost consbont oxiol rablios
The chamieol snodyels oF hie nphese approxiinatos het ol dho

conpeand Opyl) with o anell wmowns of iron substituting for chromiume

&% vopy bigh ohwombun contonts, the Gﬁ*;ﬁ% phoeae apposred to bo the

endy primory deelusions  Uhis phese bes the Ycadoucy o disproportionadc
ot loewer Uemporatiuzres o

k. Gﬁ;‘%m&' — 0y + b Gl‘g’:.) ]

Popr bobh Uhe Pestped alloys awd. An osygen patueoted puro obeonion,
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Farther | 44 won proposcd x‘ﬁwt’a E‘irﬁﬂg;, fapn by o poritcotic rooetion
botwean Crg0y ond Whe 1iquide |
Qu the othey hend, Hook, Gorrot wnd meww fodnd in

thoiy -i.t"w&m‘higﬁ% Llons of mp‘urmy phosas forsied o pure chroalum
that w L formed ioteygranuloarly ond wen stoblo ao low an 1500%
| which 3o weld below the muliing point ef chwoalume A Lurthor
investicotlion by Hook a;;c)‘ Mair(’*‘f’j indicoted that &':r,,f:b:b undoubbodly
eoourred in pure chromiun as low as 135.}&}%, L% wes cuphoplued
that %s%m',wﬁsfmm thoy oxemined { o relabively pure chromiua metol

contalobog ao nejor dupuritios)

P = 135 papeite
54 @ £0 « A0 papeits
9 W 55 = 137 pepet

dovs o appobr $0 bo o pimple binary with raspoot $o chroniun ond
oxypons  Hothor tho chperved cowosistounce of tho two oxides of
chvomian undor the e;e;;pwimnﬁal echdibions omployed wes sold o
indiceta 4hat the gyoston wop ot losst Sepnay. A4 vap slnted thot

in émm* 50 have aboorved the threo phoso eguilibric, at leesi one

of the oxidon, f.‘ax"g LI 4 mw%, mant vob be o puro bingry oskdes A
rosidue found by leray dlffyvaction 80 bo ontively Op %, wan odalyco

by enipeion mfmnﬁmmwpy ol ues Douné to contolio aaumi% 1‘;) Whe pube T,

36 Woe boou suggastoed by ods of ai igm tho work of
Hilty ot z‘alu{)) and the prescnce of iron ss 8 mojoy impurity i

cheromium 0 tholy wx*k(‘*m end eloo o averly all "pure® chronium,
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thot ivon 4o gespousible for the oboervad teruory equilibrivm
among: fha oxldons

K@&m@r@ ond Smithld#d) jo thotr stugy of tho proportios
¢f oon~ptolcheonatrle oxiden, hove not fosnd sty ovidoneo fop tho
"aro® 4n 4ho pure fuo cuapeoont syetenos 18 wos hovevor, noticod
thot 40 cll the chromium preporabticns, sono volabilicotion cocouwwod
bt 44 wos 4ifficnlt to conlira the chombool composition by
subsouent chonleal onalynises

i‘agah&s(l‘a) boo studicd the clwonlun distribuiion bodwooy
maticd ond plog at difforent oxidotion lovels ond tho Loilowiog
rosotlon wap gonsideved relovent.

o]« (Peo) T (G0} o [Fa)

Sona xocont Lovagtlgetions bevo beon corricd cut do fiad
Ve compopibion of the nonemetollic phesss 1n oquilibelua with
FesCx olduys, the noture of chromium dietributicn io tho slogo
oud tha veduction peth ol WE% o Cry in on elfort o koow mols
praciaely the trae deoxiistion product in the Foetr-0 pyotom.

féfw@w oGl gmg,ﬁgnﬁiﬁ”ﬁ) havo studied ho kinotico
i hydrogen yoedugbion of chromic oxddo snd £ound that Gi:'gﬁfa woE
roduced divactly to chvemlan without foeonlbe he dnsortedicta

vrdde, Criy ubkeh voo wob o steble pheoe 40 the roduchlon of Grgd

=
#;

3
to chwomdun over $he Goupornturoe ronge 1130 - 1490°C.  This



o W

#ROBCELA pelh Voo cuaEieend by eeny OREECoOtLOD wiedynios

i*gbfz-}

Thae Lo o oproosond wikh W oeeddor uoek of Beoly P——

N, 3 " a5 v 1y 4t oY, ” 3, - s « ] '.,.,\.. " oy "{13 -
thot over o Goupooobure vangs of 1800 - 2000 o

4
[2

Hg Lo ncew
paneily Foductbio Go 09 Shob 080

Kogian and Genor ™ tova stadied oo dletrMmbon of
chiramdue bubused on soddio olog pbureted whth oillce ond o Lhgudd
%‘ﬁwﬁlw wdhege X wal gopoliod dhet shon dho chvona oobcsuiretion
vpn ke ohea 5 pots Sbed obrandum du o ccldle siop bobhovod
Lifte tho chipemoue .dom iCEV)a LB dvon elloyo OF Lo0w Cheoaiud
sanbonuoe A9 won Coand bal vhuo Sho ohwopium coblont wes luoo bhon
3 puby tho oxidetlon « seduobion Poncblion botwoon chyanion sod fven
o tho tue phegon wog yoprocented by tho fulicsieg recobione

b{es) o 3 (] T2 (omgy e b [P

Hoply aud Hohobbailler W) e shoir oty off ohpodan
aubdtmaidion vlogs ob Sow cxypen prasstro boava vopcetod $hod whon
s conineloe abslues of Gy ot B0 wan brestod whih hydeomon
M o Sonporabors Yeugo of 3500 « 3600%, epploue smonnts of ptosn
e GweRvoty oud B detr welbiug 2lanld Popvwad which emild e quoachod
G0 o blue crystoldloa ackoried heviog a dieslockive Jepay oiffecelion
podtorny 46 o0 alos foubd Shob o Bonbiesl eoboriel coald Lo
peoduend by boabiog iotioadoly nived fiosly diviaod I Ge ano

By bodd Lo tuogedon cowlodblo vuder papeddiad copene Uhie yeoolion



produst Ls Pfound to bo ehwomoun miiiwah@-(ﬂrﬁﬁi&%}, it i

wainkable ot Loom temporsture sinos on olov eooling it digproportlonotos
i vhole er in pert S0 Orylz, Or ond 810, Ho evidenos of tho
anbptoneo of Grd es pure substonce weos found io thio iuvaaﬁigaazwﬁ.

Tho Jowor oxido oppoored Lo ocour obly &b combinebion with silicas
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SACELONS  IH 0TI SEE

adloy stcols eroe mudbicomponont avotanos, and 48 i to
bo axpeoted thad $horo would b intaractlon bobweon tho conponcnbos
Feobobly tho bopt bapio for the segonisetion of oxpurimontol dabn
io the intopection parancter concopt dovised by %xggﬁaﬂwﬂ ¢« A
siugle fﬂaﬁh&sﬂnﬂaul troatnont, vhich o cweract for the iniinitoly
dilutie oclution, Parms a sshicfeactory besin fop oclounlotion
concerndng nere highly nlioyed stools

Q’hipmanwg) has shown that whon & solvend aotel 1,
contiodus & uanbop oF solubo metaloy, €, 3, & etcy the avlivity ooolficiunt
“off ong ol theoe, fov oxenple, £ wey be exprasoed oo o product of
f&%@fﬁi&"m vhidch reprosont the clfeet of eoch of tho other guupodonbo.
Lo 4o o oclution of able frectionn %2s B3, 2, oles

€y = ﬁ% pis fﬁ * fﬁ"ﬁ' X gunaonnns 0l

Hoxpo fé La the aotivity coefficlent of & in the binwy sclublen of
1lo -i’é;’zwﬁim xz»  The folloving swivakent oxprassicon hao beop
devioad Ly %?iaggxmx(hﬂ .

. 0
in ‘i'i?g (%pe Ry X0 ss) = 10 :‘:3 AR R VR 3*’-:3 Jkn iy

g

diky o3
& X 040 Ln v ees
%),
vhoro 800 cerivetivas cpe to be telkon for the limitieg cege Of Bowo
conconbrations of old ooluton, ood highow ovdor topms of a Yaylor serlcs

are agglestods



Tho torm An :ﬁ’“ Ao npdo more by teking bho
slondord ami;cz at the ﬁtu inLltely dilase polubions. The

dopivotives ore ropregented by tho gymbola, 5 @lice dof ined osms

(2)
62 a OL £
DRy
L)
(3) 3
E’ 2 = Wﬁ,ﬂ £ Glios
bu,’j
smu e eguation booonoss
(2) (3) by
304{: ﬁ‘f‘) { KEQ 35:), 2’**’3 = xﬁﬂ 62 & mﬁ %‘2 o &Q‘eba)‘ T owne

Hop c:mzwm;sa.mek e olighé nedifticotion of thio vopeaguntobion hoo
baon proposed ﬁxg ﬁiliyei’i&ﬁ{ 2 oo thet goncontreticts nyy o exprosned

o wolght par cent rother than $he nole froctiono,

&) B o1 ()
Log fgg { 58y 73y (drp wen) mo_ & ﬁﬂ, b I 33; b v wan

:,3
N
w og s.* + log i?w)% o ﬁ’(é}
%33 drae ¢
@ . & m&% & ol
O3

%‘-fﬁ:sa,e;ﬁ;rm*(i‘" ) hoo clse shoon thet a phuplo wolofiion oxiots
batwaon the offeat of cumponosy & o aSi‘{3 and §he sffoct of
oo

aonpenand J oo £,

Tho velotions betwoen o end & for two olamenbs of atonio vaiphtn

HL ond 141 1o dho solvaad notol, ivon aves
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(24 305} {200}, iy

(M s noleculor woight )
Tha pociprocal veiotionship for this parsnobor

b
a8
P
b
[
-
P
FA.
g

At impordont but previously undiceusacd aopect of the vee of
interoction cooificionte is tholy veriotion with tompovabuyc,
Daoky aﬁa.@halkaﬁaﬁ} beve shown from thornodynenio volojlonohips

thet thio vorietion io givon bys

7 2
b.__g_i’m ::;ni'! ( mbwz‘m» }

DT ¥ 5:&;&_ » OBy Hy mEy wQ
Fhe dorivabive of the moley onthodpy is 6bﬁain&hla
fron hoat of adlubtion dotos  Whon the derivetive of oothelpy with
roapeol o mole froctions of Sho two dilute oolutes is nob o ehrong
fupction of Scupsrolure, ou ostvepolotion o toemporefuros othop
than theso in the oxpordnonbtel rengoe can bo cocotplished dirootlys

L8 she above equatlon 4o writton Lo tho fopms

g L -
— L CF

i %o Y # =
6{%} B “Q. é bw‘;{; 2: & x‘} g

then o ligoeny variation with tho reciprogal o the sbooluts

samporoture o Ladioaliode
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Although oy solusion models hovo boot propopad,
noho of ﬁhﬂﬁﬂlh&ﬁ boon {oand satiolocttwy for quontitabive
prodictiong of interaction paremotorss To study the elfoot
of added componontso on the yértial nolow £rae onorgy of othors,
obly Wwo thoories heave as yob been applicds Uns i the frog
olaciron ﬁh@&ﬁy ond the othor ic bnoad on o ocorest nolgbbouy
lottloo modole |
Studios of poo solubilitios in olloys 1@6'Wagnar(%?)
Lo Ghe f@fmulu#&an of o fyoo ologtron thowy. Pho bosis of
the thooxy io thot vhoen an pdded eloment dissdlves so long ond
olocivons, L4 thoe ionecloectren intorscbions oo amuch atyrovgor
than the ion-ion intoreobion then the prisory verieblo of
fapordancs §8 the freo euorgy of olootvons aod tho offvet of
odded clemonts thoruons Domad on this idoa togner hog dorived
o rolotionship bebvooo: ; ' |

e.o=t)e €
Both oold inberaction peremeters must have the ooue aign &€
tha wosult 4o o have any moapkogs.  The okga of the rosuld jo
daterninod fron qualitobive connidorpdions of the rolotive
offocte of tho additions on tho aloctvon/atom rabive ‘Thio
moavs thot fov a glvan polvent, all the sold intoraction porenctors
should hove the some oighe  Thio hes been Found to bo truc culy
whan tho doviations Tron Ldoelity ove lavgos

Aleogl abd Hichorﬁseu(hg) hovovory hoave applied o slndley
wodel 4o thoe oase of a tornery elloy in shich ons coluse bo sonowhet

gmory dhinge than tho obthors mhqxég)hmvw dopivod on equation
5P



e

Lo tho eobivity umﬁi‘z’:z‘iomnis of o dilube moluto, s, &o au olloy
of two wmotals & ond Y« This equeticn
i Yel{sey) =8ainYs (x) + iy Yaly)
elminYs(zey) =y Yy (zsy (1)

wee booed ob the aszunption that $he distribution of stons ion
thy solution is rondan, thot the co-ardination numbor of ell
threo types of eboms is ecquel end thoet the soerpy of interaction
bstwoen aton paixs io ladependent of concontrotions,

Fer the sonu nodel the folloving equetion vwes olso

darivoed,

[ in Yo (x *ﬁ,] e & wlo Yo(y) « 1o Yo (x)

Ny « Y y{x) an)
By — © '

A% wpn shoun Shet with those swguations, it woo possiblo o prodict

whih useful socurocy, the bohoviour of Gilute solutes in toroevy
volutions {rom deta i'or tho three bivory system: ¢oncerned, Ghe

firat aquation was yoeoobobly accurete in cueen where the

difforencos botwesn in [Ye(x) /Y% (%« 3')] obd in [Ya {y) Ay (x» y)]
verc less then unity, “ho socond ecquation gove volues of the
inturcotion poremetor , which werce corvect in sign bub saslicy

thon the mecoured velucse it wos sugrosted that theso Jiffercncos
might bo pertly or cotixoly coused by clustoring cbout the solute

otons, OF that eonponent of the alloy which interseted uoye



otrongly with the solute, 1In ab akteapt Yo account Lo thie
behoviour, Qe;uéﬂdna basod on & (uesiechemicol wedel have been
darived by ilocok end licherdson®®? which sre ss belows

[m:( s { X3 ] o O men () (48)
and
. 1 1 1
M [Y:& wagg] 3 e feﬁ?’[v' x ‘,_I Z [ LA
Y8 {x) Ya {y) Vil + )

Shere 4 m Co-rakusiion mmbez..

m-s.am.{ﬁ") hes wlrendy fndicated thot the epplication
of this nodol $0 biwary wmetol mixtures is not vory helpfal, Lo
bt dlonds to frac encrgles of mixiug which sre 1ittle Sifferont fwon
those colouloted with the regtglax' solution modols  Tho nejw
oouree oF erroae in the rsguler model is probebly the ssswnption
thnt the enerpies of jntoraction betueow etom peirs ara
bndopendent of tho componition of tho solution. @hie errop
romaint An $he quusi-chemlcesl modol end i moot ceces ic likoly %o
ko greoder then ety othor orgop é&:*iaing fran the nogloet of
ciustoxing. NHovertholensy in cortoin biocxy mistures, poxdiculony
aon metels v metnls, the main exvow wmight conceivobly erise Lrom
noglect of elustoring, when thers sve grest Jifferences botwoon the

peir wise enorglos of Intoraction,.
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1he velugs of & calculaked from equation (AL) eud
(i8i)y For o cone whare tho cnerpies of inicraction between
tha fji.:m% solnte ang tho two metolo differ grectoly, can be
CEINLL O,
Fypan the dnto so for mﬁa&ﬁax’aﬁ, the conclupion is
thot olthough the cucpimchomicel squation (iv) sppuars %o be o
olight ioprovement oo eguation (i), it often Lalls shard of
aocounting tho neepurcd veluos of (. One or cil the Tollowing
would saen t0 be pussibvle yonvons for ihe dirscrenanclon.
{a) ¥ha energion esapolated with $ho peivuise interactious
betwaon the stoms of the ternoxy wey ¢iffer fxrom those for the
throee peporpto Linerios.
(1}  %he solute solveny iuteroctions moy very with the
proportions of eoch solvent aton sboud the solute,
(2) Tha interactions betwaan unlike neighbouring solvent
atons in $ha awwamaﬁim shell eround oach solute ston may
be diffaront fron those betweon unlike solvany otony Ln the
ramednder of the solution. mr;}ertmanwzw (1) oud (2) ara
not Likely %o bs Jiotinguishoble,
{b) Ehe co-urdinntion bunber for the soluto Go nay be
| diffarent fyon those Lor the othor stoum of tho solubion,
{c) &m number of atrony pole vise lotoractions cboutd ony

sulato mam aoy be mach lose then the co-ordinobion nunbor
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Thn wont vounonslle explapakion goosn to ilc in

ookl b oond 4 o (8) e
' 'i:&mmﬁ& ond Gokoanh i) hove shoon thet i Sho binoey
sod tornomy gyatoms Lo vhioh keon fs the solvont, tho Lotorocokicn
pavemebor vory &9 o savlodlesily rapuder sannors  Fusdiop,
thoss parcioliors £o8 Sho Govonry gralens Jecrenns with Mioroneing

r=3

¥

3

sbebliity of oumpoands bbseon $he soluto stoass Thas o

<

deeraetc vith focrousins Sondencies of glovents, x $0 forn ubablo
oxbdoss  From Anveobigstion of tho PesUr-0 ayatosn involving tho
bow of ﬁggﬁ?ﬁ‘?ﬁ mistures, the intersobion coelficiant, £§” con Lo
coloalobed Glrsotly Lrom the Gbescved OXYEON CONCONERabac.

Sho ohircnluteonsesn poranstets ab 3690 8o coleulotod
by dafievant woriapo wokug the obove fechuloas oxo given o Sobde

§80a
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Clwonium Oxygon Poronstors ot 1600%

Anthar ﬁgwamaﬁ ] o Cr -

% = ddog £TA [or] Comd 0t o gy
Ghoy & b"-“hi.pm&zn{ #0) »Qa G4 wfiy &
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wlely






Axpeprinoniol studies of the gmpusition of
gauoous nixtured b oguilibilun with o medel oand itc oxlde ot
high Seaperctures hove beon extonsively uned in deberminiop
tho froo cnorgy ol omioons Lu moot of Shosy auwentigetivno
the roasulls bove baon subjeot 4o srrovs or uucorteindy ouv pccount
of pevtiol sopsrotion 6? the goses i e teopopoture pradionty
S unifoarn nizturo of gopos of nolike wolocnler weight, {lowiog
theough eny opperatus which 4o vot ot the scme tomporefuro
theenghout, tond %0 become nop-uniform b composition in coch
tomporature gradiont. Iu gonerol, the hoovier goo touds ¢o
novy tomard the coolar snd the light tovords the hottoxr zonoos
Thie phonomouon of bherasl diffusion vios Lired prodicted by
ﬁnakﬁg‘ﬁﬁ} in 1911, end lodepondently by ﬁhspman(ﬁha in 19106
L4 wao obmerved Lo thoe £irst Sine by Chopmon cud Qnoaaaniﬁﬁ)
in 1907, Xo bin work on the kinetic thecry of puscs, Chopmen
hes shown methounticelly that o Souperatuce grediont in o mixturo
of two goped &s Lo penwrsl sufficiont Lo produce o poetisl soparabion.

(56)

Labor Gilloopie daveloped & simplo theory of thormel

dilfunion besed on vlanenbary kinetic conpiderations in vhich
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31",.90'

6 ven ghown thad the rolobive gsperation of fvuo geoos by
thavuel 0iffualon wen Lbversely proportionsl %o tho souere roob
of the meen aelecnlor whe of She mizturs ond eoyld dharefore
by dewrooned Ly tho saddition of o Uhirdé pgus of high moleculoy
welphts

Sumed end ﬁﬂulﬁm{§7} discuoaad dn doatsil the offeet
?ﬁf thermal aiffonden on tho resultn of wessnrenants by the stetic
method, of the aguilibrion HpG e My « Fo « Fo0 ia wvhich oooe (he
ereey introfuced b sone soportod HgO/tlo rebios wes as great

(56 el A e e
neeoupad tha onount of theragl

o 43hs  Dovken ond Cuexy
gaporebion in gosecus mixtaren flowing Loto or wb of o vorbticol
tubo furnece and deserlbed conditions fox avolding oreer iu this
ind of gystame L% wop siabed thet upsiord Ld.ow of the gos
mizturd A0 oueh o work wes decidoedly preforablo {o ﬁwﬂw@d £iow
whan L6 wos dosirable o mindluiso thoe compositlon inccunlily of
the gone

In ecarlior sfudiop of oguilibin lovolving oxygsn iu
solution o o oolbon motad thin soures of erroy bad booy
capueially troublesonve  The olmplest method fop sbiyriog the
medt and thus briagiug 14 iobe equilitwium with the ras was $o
wsa high Froguongy nduesion hoetlngs Wheo o oold alxture of

Wyrdrogen ond waler vepovr vas blown over the supfaos 0f such o noll,
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thovwed diffusion opposed the epproach of the hoavier wolor
modaculs 0 dhe saefage with She resoll dhal the suriacs
loyee of the gos was ourlched in hydeopen and the mwlﬁﬁn tiobal
eonuained cxypon below $he eoncontrabion which wonld have boeen
in oguidilerin with gos of Anlet gooposlticun, 1% wea showd by
Chilpnaan and ¥ asﬁ:am(m thet this phonomenon led o oprore of
oboat 20x 40 cgnilibviun conabant ob LOOOYG, snd that the oeroro
could be ab loast povdlelly elininotod by preboatiog the ouwlering
gendos,  Chobh obd Ghipzﬁwwﬁ} pirohisnted tho geseous mixbuwve o
swndd shormal SAlfunion,  Daptuy sod f}h},rgman(s-}’ sonciuded fron
tholy ovudy theh shin ovror wes elimioated by adoguaty praheating
and the eduition of argon in the spproximabe rationof &4 ¢ da

Floridip and Chipman aled used the sbove trestuent
bud ioncrepsed tho argon-hydrogon vesio to 6 3 1.  Holoou and Bel;‘ﬁy)
i a atudy of bhe reschion

dlgiy ¥ Flp /= .0 » 2 AL

usGl prehoat Senperatures rangiog fren 1350 to 165096 iy
=zg@rimﬁmﬁa gorried oud at 17239 and nmixed the gos niuture with
avgon in Gha ratlo of 1 2 6, 40 nminimiso the epyoy avisiog fronm
thormel diffueiets  Pho resultso with a0d withoud proheat wopre
sonpered and it vas Dound Shel substaotisl orvoes wero popsible vheo

§ho ges vesn got prehoatads
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Qan of the boot metbiods to olimiuats thernsl
didfuoion although uol very goagy o paedawn, is o bubble the
goo adxiuwes Loto $ha sl &&kaaniﬁ) aud Ietor oo Floridis ond
Gh&gman{?} wsad dhile fochblgue b0 overcoune thormel difffusiocns.
Sharl%uuigﬁ} e gtudy oF Ghe Fo-Upe0 gyeton bod aloo uged thic
bochuigue gudlio stocousfollys e used o melybocoun worod
rondlokos furasca, vhoro the gosos oleo yoi o conaldorable prohioots
in viow of tho provious invesblgotious, 1% woe
aonehdored sefop v use the bubbling Scchinioue $v aveid thevnal

shitusiony i the prosont worke
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(1)  CRUCIIGUS,

“ One of tho bosic yroguivenento of high tempeorature
yropoereh worly is the cholce and avallobility of o suitable
contioinay which cat withotaud the iuflncnce of tho molion
chayge without heving o conlominating offoct on the equilibrin
bein, studdeds Sinee o the ptudy of Fo-Ur«0 syoton, L% wen
ebbivipoted that aither chrounic oxide or iroun chrouite would bo
formedy 1% vos deskiable 0 nee crucibles of thope maboriols to
ovoid Latroduction of euy fopcign componcuts Lo the propont
wepk old Ghe uxporinestis weye cavied out o ¢hrosic 0zido
aruneiblog, which vere nede by o slipscastiog tochniguos

The quoliby of pleptor of Poris uced for walbug tho
mouddo voo found o La vory uportent Por oldp cestilog chronie
oxkde aruciblose L4 wes Lound $hed the mould medo frea o
oograer prade of plapter of paris ebaorbad tho vetoer Fron the olip
o repidly Ghot 36 rosultod in the crucible craciing.  Plestor
of Perks of a Liney grode sullinkle o npkiog nonids wen stirred loto
waber in dhe sporoxlmedc propordicos of 4 pords Ly woipht of Plaster
$0 3 pertp of wators  The dhorongbly mixed meoe wvay gently sbivwed
to olininata aly bubblos and wos bthon poured Lubo o preosced motel
mowdd in vhich wep suspendod o proooocd bress foraor thot wos of

Pha shepe of ho crucibles  Thits beosy fovaer wen slightly



A

bapored fyom top to botton Loy cosy renovel of the slip coot
crueible. fpom tho mould. Tho Lermcr ond $he wotol nould were
sprebgod to praduce o plostor coesbidg widh sulfora Shickoong.
After tho pleasier of Poavio hed sel, the Lormer and $ho metal
mondd woro fokon off snd the ploster monld wos allowed b aly
dey fov 2 - 5 doyse

To meke dhe erucibley, fincly divided chromie ozido
of 8 compcreinl prade used An paint oud pignont industyy woo uoads
o mpont gocepoery plastiolly Yo the c¢heomic oxlde, Lt wos mized
wish 4LHCL soldution and Lefd Qo two days wilh 9@0&@&19&&1
stlveiay b0 give the slip & propey conslotengy. 9o form a
crucible, %h@ alip wes pourad dnso tho plester mould without
spoehing o cutropping sire The plaoster iemedietely bogen to
chowb wotey from the siip, and a 24l of pelidificd wnateriel forusd
o e wolloe  Tho llqguid Llovel within dke wnould wos weitboined
by sdaition of tha slurry until the film of s0lididied wmatariel
voachod 4ho dosired thiloknosss  Lho mould wop then iuvorbod ond
the zeoildaed iiquld olip wm# poared cuds  Uhe tine yuguivod $o
form o crucible with & propor woll thicknoos vorided with tho
conpistangy end acidity of the slip eod with the conditicn of
plontar woulds  In $he flvat § « 6 conts tho $imo wes pob woro

than 10 -~ 15 mioubes, bul ap the plaptor pod wottory 4he worucible



Supney oloddyy bopdonod olowly wod eabigred 30 She wonld Docouno
G pdow edaopption oF the wotar ohd Whoes ovueiblos wed ronoved
Wik GREFLaally fron Ghe nondido.

50 the oraodble foveod propoklys 46 rosslosd bbb she
nendd when Uho oseoen of Rioskd allp won praved oul, bus 89 wen
beny a0l ond plenbby ab Whie olepe bo auppeert e oug wedgnt or 9w
o posousd Xeoa b aoalds Mo rwokble Shorafowe wven aliowed b
senndh Lo the wenldd fop Sepdhay doviag by cbeorpbion of woher
by ko pdoabur agd by ovopivebion yos the dnow sawrdoes of 4ho
Goabdtege S0P pboul lu o« 15 sbagbos She Lonor surleoes wes diy
anowgaly S0 Gouoty a8d Sho obhylakoge crooko bogon o aopoew ob tho
Juncilos of tho oy of oroaldls sud Gho weld of the aoulds
Bio easblog $hoeo ooadd b pomoved Srom the aouldy poartloalorly of
thwo moudd wag peobly bopped aud rolled bolero &6 vao Lovordads
ho eruotblen ol Ghie ologe veressomewited plenbie bod wore ooty
atoneh o bo rounoved feon e sonlkde wthout collopaiogs  H8%er
ropovioy from s nonloo, She cracibles sope plocod oo o filler
papot, hore elter § e sdr Goylog bhoy wops olbvouy soougb $o
b banddad pootlys  FPhoy were ody olad Soxr ovorodghd ond Suon
drhed A o0 owen o chond 15eMes  Afwopwends thoy woro Dirod
M nocabide fevsecs ot 2300% g Phuadly ot 000% do enddlolng

ebmonphioRre, whioch hedo fhen wodde odiony sod waporvicun $9 fioicos
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(313) NaRLREALE

Le Chrominmm « Hlectrolybic lump obronium (Grade A)
off the £ollovwing snedyeio, «o supplisd by Union Cerivide Gompauy
SO wBeds

23 ¢ & B4, #o O, H, W
>3

&
e PR#)T¢) 06 #0130 WORG  L4UUB 0005  J0LG

2y Inon = The high purity olectrolytic ivon uesed hed tho

feddouing supdyoloe

o G 3 Gl
97 0. QUL + 013 « 000

% Hydrogen aug Spgon used were of bhigh purition.

{a) Tvdrogom

B, = 49905
Qo w less han 30 Gepesie

GO wm abont A0 Vepeis

Gy = Hilse
othor envboa oonpoutide 86 GO w  2boal 20 Vepelas

By = Ge0B
{b)  trpoos

Acpgon = ot legn Shen 99.99%

G o 6O Vepehi

By = less then 30 vepeis
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My s lobs Ghew X Vepeis
carbon alowide and eprbovpolony compounds as 00y o leos then

B Vepatile



$he equilibriom s}ppm'niﬁxa npod viop siniler o that

degeriboo by ﬁhmm*:*,tmc @3 ond eonsiated of tun selt portos

1) Favnoos

&)  Ges rein oud Ghe poturcting unibs

& ngdybdonwn wopnd fuxnecs an shown Lo Fig (9) wes

veod 0 ettain the Quaived tompersture of L700% for thio
orpbioviey studys P hold dhe oherge o ronetiion wube of
voenyotallicad plusing hoving ab intoroel dluonster of 29 weo unods
This bube woo iupermosklo o gason upte 18007,  The veaotilow
tubo weo surrounded cod hooted by en “Slpor” cluanbte Sobs which woo
wiad over a lepgth of LOY with lﬁ%gmgm modyidenun wire aud whiich
Lo turo ves strrounded by aootbor ooumereiod prade cluning uboe
PO avold hopt loge dug %0 yedioiion, broen sluning chips wera
pacled tatwaon $he lest dwo Gubony  The vhole aosonbly veo held in
o tlicol oowibg whieh wee Cilled with bigh tonporafure insalabivg
lerdokgs A8 nolybdonum e very asuscopbible to oxidnbion, o
medybdeaun windiog wouod olwoye ba heatod i a uoutroel or roducing
otnmosphoras  Bvory popsible praceution way therefore cbaorvoed
o make odl the Jolots coupletely gon dighds. Aun sobostos goshot
upe put betwosa the fuvnees 110 ond the mein casing which wore
bolied togutihwres  This wen Dwedhor sosled from oubside with a

quick pobdlog cement mede from alusdum ond wabor glenss  Tho
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speea bolwoon the rocction tubo and the furoscs cosiog ab the
Gop and bobton wap nede aly bight Ly p\::.{;"izi.ug sohanbos owrds in
botwean the tue befove bolbluge Ges fnlety oud oudlet provided
a4 he bhobhbom ond top reapootively woro alviights vy orenkoed
gomuotide FLy L0 wos poesed indo $he furuses o glve o slight
proszuee 8f Phe oablet ond and onsupod Shed orocisd somonle won
passitg onb o tha Duresoe pathor than air lesking ibos

The reaetiion tubs wmg sonipped with o vebber bhong ab
abbbor euds  The u;:_:ypé:v ang contelned o glass window and o
brass plond Shrough which possad an edumina tubey Tho gland
weo arsanged 40 @ldow $he tubo $o slida throvgh L6 end sbild
remodl gap bhghte U0 keoptba top end of Gho rosolion fubo cold
auaagh o hold the rubbor bung, o & wotor covled iond Goll wee
FLbGod oround S0 Gk The bung wes Daxther pueobopicd from
ihe nopt by Clxing asbegbos redletion shields muadorneath its
The dower bang, whieh held the aluwing shoash for the therpocouplo

sud supporded shumina otcols ond the cvucible, mersr gol hol ¢noagh

o nead onulings

A i Bh P4/20L kb P thammocouple vhich wes conbained
i an pluzing gheoth eud reomted divoeotly bagopth Sho obarpa viop

naad Lo neesmring the Sonpereabuces Tho By dovaloped wios
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possured by o Ceonmbridpe Werkshop potantioueters  The aluniao
pheath hod o be changed al'ber avery & - U exporimentis becouse &b
Becpng porous aid thermoecoupls doteprioratad sod broke undor the
raducing oonditione oucounbored,  The Shoravooupie wes callibratod
ppslunh the welbing polbts of wold (L6570 end patledion
CisstPo)e  Uncer She oxporisentel condiBions wsed, autouckic
conteal of 480 Sonporetuwwe use uot found succonsfuls Thorefore,
the banperstury wos sopwrollod oeuuelly by edjesimonts of the
verkeg Waneluoners Oboe bhe steady oorditions weve abtolned,

L9 wee quide cobvenicnd Lo uadutain the roquired Yopporoturs with
vy vossaloy ?:}i hoht sdjustuonts of dho verlace  Who kot zene

ol oyan denparatuxa wos shond 2% Lopg and oxtondad dhe whole longth
ol Gho melden dhorgos.  Tha teuporature cbove Hhe mels was oloo

yory bigh dhuo giving good prehoating o Sthe laconing pescg,

N Fa
4 AP

Hydiopen and avgon weltd supplled Go tho gyoten through
sopeaedie eolibpated flov nobaess  Beforo passing those goses o
tha Marpace o 4o dhe saturator, they wera dvied Ly moans of
pnlyrdrons mognesiwa peyehioreto (eubhydvone)s & diogeen of tho
gos papply ekt and the saturatiog wolt e shoun i Pig (7)s
The soturabve ekl eouslesd off throo gloss chanbers (4) conbeghad
ki oorkon end all filled wivh 4isdillod watows  This undd weo
imnorsed Ao o wador bath (1) which onbonabicnlly controlled 6o the

oonotont tompovoture (3 Cel®) with o thermostat {C) heving a
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stirrere  Who emount of weter vapour picked up by the
hydrogon dependad upon the femporsture of the baths  Uutside
this bath was snobhor onply gless chembeor (1) contaiving gless
boeds which helpad bo wmix the gasss., 4 glese mercury movometer
V) wes oleo Libbed Yo dhhe chemboer to see fhe prassure fluctuationg
vhan $ho geseons alxturae wes belog bubbled through the molbe
Fron this chonbsr the goses wero led 0 Ghe furoace through o
coppor tubo which was jolaed o the thiv aluaine tube through a
pioca of PaVaCs tublog, bucouss rabbor vos slipghtly porocabla o
wahor vapouyi

du the high chronian heats & nixturse of oxalle acld
Sihydrato and enhydrous oxalic scld wosn used because of Lt low
walion vepouy prassurds Since Luie woaler vapour presomrs reigos
from oboub L5 memy ot 36% to 15 meme &b 50%C. Ao ordiocey
wabor safuvasoxr reguired a thormoestad bath oporated below proom
temporature o yield wator vopour prossure of loso that 15 meme
fige  The setueator unit consipbed of two tubses cach 30 cae long =
6 vette dip, couta.ning sobydrone to dry the hydroges, followed by
a Uwetabo 75 om x L eme 81l filled with the mixture recomnended by

(60) {6l)

Bpzter aod Lensing and Bookey snd Lonbs ¢ Viz 906 oxelic

aelkd gihydrate and W of the cobydrous ccids Thoro in vory
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good agroement among the vopour progsurs - tenperature date (G0, €1)

for CUOH-COUH £HoU mlztuves and the datn of Bookey and wambs(ﬁl)
wan uesd i the prosent weak. The dabn o given iu Pig (b)e
Spoh shocks wskng o dew polut meter oonfirwned the behaviowr of She

soburadors
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(v)  BXPERIMENTAL PROCHDURE.

To carry out an axperiment a 30 g charge consisiing
of reguisite proportions of iron and chromium or irot-chiomiun
elloy wes placed in the chromic oxide crucible. in such & manber
that the vpper part wonld nob touch the wall of the crucibls. and
oonseguently, would drop down when Ghe lower parté was melteds
This was {o mininise the probability of arching of chexge during
the melting stage, avnd was achieved by breaking up the lump
chromium lonto smoll pleces, wixiug with irou anu pressing into e
pellets  In most of the experimsnts a high chromium Fe-Cr alloy
was used to bying the charge (of a tobal weighi of 30 g) to the
dasired chroemium coutents Lo avoid the reaction tube being
splashaed by the moliten charpe, the chromic uvxlde crucible was
placed inslde an alundum crucible. of a larger dismeteor. The tube
was then sealed off from the oulside atmosphere sud the curreut
awitched on to the furvace. Lo normal praciice, the furnace wag
allowed to run vn a small current overnight and in the moroing the
currant was adjusted in such a way that the opoerating temperature
could be abtbained i 4 = 5 hrs. Hald ab hour at 1700°% wes
found ample time to allow the charge tv mslé completely and also
$0 get gstesdy temperature conditionse Usually $he mncliiog wes dune
in an atmosphere of srgon except in very high chromium melés where
it waes thoughi peeferabla o melt under an abtmosphere of sxgon

aud dryhydrogen mixture. The water bath temperature was also set



YN

to give the required HQOAQBr&ﬁiO: and allowed to stabilise

long before starting the expoeriment, preferably overnight,

Argon was led through the saturating unit to flush off any
entropped aire After the charge had melted completely, hydrogen n
wvas allowed to pass through the saturators at a rate of

150 mle por minutes The desired gas mixtuwre was then bubbled
gently throagh the molten cherge by immersing the thin slumina
tube (3 m.meIaDs) into the melt to av spproximate depth of 5 mems | '
'This woe indicated by the small mercury manometer (M). By this \i

bubbling technique apart from mivimising thermel diffusion, i/
eguilibriun was achieved both by oxidation of Cr and reduction of ’

Crgojq When the chromium eontent of the welt was in excess .

|
of thet in equilibrium with the gas composition, scme was oxidised A

till equilibrium wes attained and when the chromium content of the

i

v
1
4

\
\n

o e e

melt wes below the equillbrium conteut it wes added 4o the melt

| W
1

vy the reduction of the chromic oxide erucible. To establish each ‘ \

aquilibrivm point, a number of experiments wore carried cut for

the same Ho0 patio, This wes especially the case when the pH?O
P

ration 16H%he gas was low, since in these experiments the amount

of oxygen vhich could be supplicd to or teken from the oxide~metal

syastem was very small and a fairly long cexporimental time was
necessary 40 achiaeve a noticeable movement towards equilibrium.

The duration of experiments under lom'H20 ratios was about 6 hrse

Ho
and thus the observed movement in either direction wes found 4o be
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plpabiicants  Boe bighor imﬁ pabion tho potio of onidobion op

%ﬁg
posupbion veo quito opproclobice  Tukdisg bho cxporizont o

connbont ool vos adeo G0 see thod She Poroefe taiparoturo otd
tho doimewoture off the vetor both vween stoody, and dhoet the poe
miatore woo bubidiog Sheeagh he eld colfamly. 6% Gho ond of
an oxporiaotly She pobldiog tubo uon reioed ol of tha aolt, the
Lo oF hydvopon atonped sud dhe furnece tube flushed with sygon
Por nboud 5 aioutoss  Cho L) bung wes Shen peacved snd o seuplo
of the mebed belon by vuobion isto o sllieo fubt mobng o oabixe
buibe Somplen wpg cuonebed o votor ond wira suolysed Por Sholy
ehivontun ol owyool gotontos Doy She olddlo porblon of tho
Comped Voo uned For condyelo a6l thio ven clepuod by LLLAG
Waroo Qupordsonto worg aede 30 which Poetpwlil cdlope
OF ooot capseibion wers sguliilbyated witl SEfferund Eiuﬁ roatiune

The abappon L350 @b S0 tiooe cucen vore brought $o the ﬁ“‘

dupkeod chiraaian dontont by wduivg bioh olvoniug Pewtwiil (30 olkoy
with o Po-i (335 ollogs  heso slioys otro popered oopurotoly
i poapyotoliiecd clupioe orgcibion Ly aodbing o en otngephoro of
BRpon g Biraget,

Ahoat hodd o doron ospopingoln vwere enppdad oul Yo otudy
Ghe bbgh tooperetuve ondden oF chroniuse  Pho ooplrovepsicl
oxbetoncs OF tho vorioss onidon hap elvoedy Dood Oiosouoted o dotosld

o Wha provican euopbore L0 Copgybog out on oxporioond, cbroplan
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pawder end chwonie oxide nixed Lo proporéious oospooponding
4o "Oed" vepe pollobited.. aud placud in & molybdetum orvoible.
Hlongshis wore pleacad an oshor pallet of paps e*;;';'gﬁ;ﬁ in the
semo crucdble,  Clhle eruoiblo was suppouded inho tho farnoce
tuba by swons of a aolyhdenan wives  The bon buog wes provided
wlth an ereaugensnd o grip the wirs v o gen tipght Jolut ondg
allowndos mede for tha oraeiblo $o be pulled ap csslly in the
conler pord o Hhe fuba afbor fthe cxporiment, Tho pollsts wero
held ab .’L?ﬁa:}aﬂ Pop sbout 2 hre, vnder on einosphera of
hydeogen/wabor vapoar sixtiros. Tho oxypon pobentisls of those
goasoun minbures wore kopt Lows A% the ond of the cxporimont
the ornoible was prlded np iodo the cooloy pord of the tube aud
the somplen gueonched in b strong current OF oyrpots 4 oove
repid guenching fschniguo wae also tried by droping tho eracible
olong with tho contents in a buoket of wator placeod undorneath tho
furnece fubos  Tho semplos woee studded by microscoplo oxamina$ioa,
Jepay GiEfrention avelysis ead tho cheniosl anplyslisce Theose
onalyticel technicues 014 nod dend $0 auy definite conclusions.
fhase obogevabions ova ’fﬂmmmeﬁ Latiors

In other trielsy so offort wos sled medd o siudy tho
volatile vabuero of ooy lov oxides of chromiome  Lho gppovetus ond
Sochnlguo enployed rosswblod that used by Rensbad and Richm*élsma{ 62)
in thelr study of aliiosh wmononddss & hovisouted pletivum wound

furnaco ebbeindog o maxoun werkiog teaporatire of 15%50Y% won usods



0

Bydeogen vins peased over Shae chronle oxlde placed in oan
chpaine boaty, Lollomsd by o0 sluwalos condobsey dnba placed in the
coolor papd of the furnees dubss No condsnaate wap oblelaod in o

& s duration.
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Thio was ohplysed by persulphatc wsidokion mothod
oo Geparibed in tho "Sbouderd Nethods of suelysis of Irea, Staeld
oud Ferve Aldoys® (&3,
A kpown vedght of the semplo vap dlessolvad in

sl phuario-phosphoric cold aixtuve.When prooticoelly oll ection
hod cousedy a - fow dropo of concoubratud nitric oold wero cddod
and tho solubtion was boiled {or seversl ninutos 4o expol wxidon
of nitrogens  Thoe solutionh wes then diluted to 300 wle and boilod,
adding o fov onold pileces off silice, followed by 25 mly off o
10 sllver nitrote solubion cobboinioy trocen of i) o aad sbout
£ pmaw OF apmonitg persviphate o thovoughly oxidise tho chyoaiun
oad $he Liguid was boilled for ab loeny fivo mibuiecss  The piok
COAG Gus 4o iUy oppoered as soon os bhe ehromiun hed been
ouaplobely oxidised by the oomoniun puenclphotics . Bxooss
poreuiphato wes renoved by boiliog ead oy Mav, waa dostroyed
by the wddition of chont 15wl of 300 hydrochlordo acolds  Tho
sclutlon wod allowed te 000l %o room tonparature and an oxocns of
Oud 8 fovyeus panonivn solubion ves edded froam o burestes Thio
reducan ¥he chronium to the trivelent state s shoam Ly tho
follondog equotions

ppPHl Ux0) Gres0y, + Gl = Gxg (80, ) 5 ﬁf@%(&s@&) 5 ¢ G0



iy

The cxeooos of Perrous gnponivn sulphete was ditrated agoinot
Oud ¥ pRtassium  perwangenate solutlons who aﬁa point was o folot
piok goloure  Konowing the volume of Owd ¥ foxrrous cumeniun
sulphate roouived Lo roduce chroate aeld, aﬁwmmiwm vas datorninod
by the rolobions
3 mle off Ol I Porrous cumoniua sudpbete = Ge00L734 pous of Crs

This mothed ves Found gaito volicklo on 1% gave
goncordent romltn on Juplicato penplops

Omyppan avelysss of tho netel seaples wore wade by Gho
vecuan fuelon methed oy on eppevatus vhioh hed bost used in $his
dopertnent by Ghﬁrlﬁan(ag) ﬂnﬂ.ﬁmnieabiggga Phese workeestéor 59)
bod mede sone chobgos o e pwaplng and ges avolyeis slde of thie
cpporatuss 4 gystomatlo dlegren of dhe whols get oplit into two

secbions ie shown i Plges (D) and (10).

FHLHGTLON CRAURER

This conpisted of & silion fubo which housed o graphitc
crundbleo onpenbly topether with e wochadnloplldy oporated grophito
sboppur workiog fron sn oxberaedl cleehviosl drive,  She fuenoce
tube wes couvled Ly aeann Of watey cireuletlion within o pyresx gleas
fubs suvrounding ite  The pless tubo wen oupported on a donble
deck eliding pledforme  The lower deok had oan induction coil for
hooding the erucible, On $he upper deck ap cleclromegred in the

Sora of o hordzonteld wonnd solonold wes supported outeido the gleon tubo.
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SRS, BRI,

The eppoeretun weo ovacuated uelog on Bdwords
“Speedivact high vecuum punp typo 1550 with detogrel Fzlg
melalura trop boackivg o an Bovorpds foyeury diffusion pusp ype
e Oooldoutel flocding of the aystom with rotaxy puap oll vesn
paerded sgalund by tho provision of ap bdwordss 1% alvy adnittonco
moghoble vaive ot $ho vobery punp ong of the backiog iiio. Tho
Fotagy puap eould pive o vacuwa of § = 309 oy Hge meppurcd by
an Howowde Biltiog typoe “voousiad.’  Lhe Poepler punp oo woll o
She furnocs hoesd ¥cbeod gouye were gporeled by meens of o Hpesdiveo
d8150 rokery piape
Al ANATYSES SXSTRIG,

Wis cogosisted of o tocepnmry mumbor of preassd o wouod
Jukatn Loading o 0o pes oollucthiod spece, bo the oxldation
furacen aud o the absarpilon treps, for ~ The oxidised ponoos
Pho gos colleotion lieo wes ponneobed Yo the Wouplor punp tinviong en
approxinotc volwaue of LOOQ cea, togothor with o sorics of
coldbyoatad bolbo glviog %oted volunes of be2d, 5e8ly £0460, nod
Ble70 come & 50 omsy glany msnonebor weu couuegked o the Tooplor
paap for mosousdog the prassurs of goses. The Juruago which vao
nold o% 400 » LB0Y; contoibud cupric oxide oo an oxidising ogonbs
This van prepurod by howting coppor povder iu sive  The drvop for
ebaurblog wotor vapows convoingd ol 59 The Srep fov Syvesing oub

corkon OLoxids wad @oolod with biguid onygate
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EAPIRIMENTAL TECHNICUR,

The wvacuum fusion methed depends fundamentally on the
aff'inity of cerbon for oxygen and its ability %o decompoepe oxides
at high temperatures end high vacuum with the formation of carbon
monoxide,

(1) BREPARAEION OF THE SAMPLIK.

Samples weighlbg from 1 « 2 grms dependling on the
oxygen cohtent were taken. They were cut fyrom the melal samples
with a hackgaw, and ocuter surfacve cleansed and rounded with a f£ila.
Any greasgy matter shicking to the semples was ramoved with benzenae
and ncelione, They were then dried, weighed and iutroduced into
the side arm of upper transperent silice tube vhich was closed by a
pyrex glass ocops
(2) PACKING OF 4Hi FURNACE TUBH.

A high grade graphite crucible assembly wes packed indo
the furvace tubs using -200 mesh high grade graphiie powder serving
as thermel insulstien 4o reduce heat loss by radiabtions The
graphite powder was packed between the crucible assembly and the
furnacs tube with & great cepe to get a uniform thickness all
avound and upso about % from the top of the cruclble assembly.

Thoe cruecible was c¢losed with sphoricel graphite 1id provided with
shallow grooves, A grephite rod with a @iece of solt iron tube

at the top was screwed to the lide The soft iren tube enabled the
114 to be lifted by an electromagnet o allow the semple o enter

the crueible., The furnace tube was Jjoined to the transparent silica



Gie

heod with aphozon way e,

(3)  BYACUARION 0 0 PRERATUS,

Tha evoouabion of the wheln appervabue was dono Ay two
ehapie  Piretly b clondng tops L ond 2 (in Flged), the
Jalfugdon punp and bhe oouelyels sysion wore dvactated. The
indGied punp dourn bolug tekew ulovdy G0 aveld "Cul" fxom tho
Luenaas bolng stoked Lodo dhe nyetioms This wes dono by gradusl
closiang oF the efr Anlod on the magnetice volye whieh ot the stard
v Fulldy oponeds Bhon o veevun of 5 on Ardums Vg et acesurod
by the wooustat whe ebbeinod, the meraury diffusion punp, the
geppar ouddo furnnee aud the ﬁm&il‘meyﬁmmy GLfuslon punp
{eirvculatiug pump) wore switchod o ond the systenm degaescd to
gob bagk o stoedy vacuun of 5 x 1&”3mm, Hpe  This syston wos thon
soclad off fron the atwozpbers by closing tho proper siop cocks.
Tho sotoyy pomp wes Olonsd oud the oly indeh ob the negoetio velva
vpened completolye Wap 2 wps oponed aud tha vedueihiocn choanbor
gvecuated ploviy by grodued olodoing of $he abe ioloh ovor o pavdod
off 50 ninukos. O avold Siafling of tho grephite ponder it wop
found thiod L7 the grephils craclble assonbly and the grephite poudor
wpe Oried st about R00% ovornipht the gyston conld be ovecusted
mora quiobklse

(o)

TR T

FROCHIUR e

Initlol dopnoping wes done through Sap 2 with tep 1 0Losods

Thio wes obgorved 40 suord opeinst the grophito povwder pgetting

into the diffusion pump An case of Fluffioge %o avoid flulfing
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tho crucible was heatod plowly $442 LY weo ved hot, Tho

diifusdon ponp wes thon brovght lofo oporation ond thoe atopoock

1 end 3 oponod end stopooeh 2 oloseds  The crucildo wos then

heated culoldly to about 20009, Inch highey degonsing

tonpairaturon ereated nuneronn obhor dfiiculbien Like:
{8) Developucut of hot spobe duv to sinbering of graphisc
porder aid thws loslug ibs lusulatiug proporiics,
(b}  Tho farmetion of o grepbite £1la ob the oides of silica
fubae dog §0 volatilisation of prapblée Sean the hotbor parito.
Somo grophite porticles from thie film dwopped ook doto the
hotter pardo vhon tho 144 was 1i0%cd Lo dropplng the neuples
Thay ovolvad ges oud eould eouse orvor in the »osultos Sonebinmeo
thin volotilinnbion of prapblto voused wolding of prophito 134 to
the aenth of orueible which awmlid 5ot be removed and tho analyosis
bod 0 bo oboppods

Iy tho prevent work dogeseing fop 7 « & hours of 2000%C
govo uito low blouk ot o working besperstuve of LEOOYG,

Tho domporeture of oporobion wap very imporbont,
perbiculoxdy es A6 auel ol be Goo bigh op too Towe  In the firsd
place the bomporeture muaetd Lo high eucuph to nold the ivon bath end
ddosolve the cenplos Thia ouebled the ecboorbed cerbon to ropot
with tho oxides Tho tomperature should e eych that ﬁﬁae& Foactione

oocur epldly cnough o oxivaol tha gosoous producks o B



67s

ropochable tiaoey  Too high o tomporaturo eouscs the
volabidicotion of wetol which condonson on the coovler perts of
the furbnen tube ond muy ebgorb coma of the evolved gopen. 4
opareting tempearsturva of 16007 ves foaud gulto entiologtory.

Tho "blauk” wos determined by holding thoe temperature
of the ovueible ot the opovatiog teupercbure without o Semplo,
and collootiog $he gas evoived during iﬁm givon $ime, ucuolly holf
a0 houre  Tho goo woen thoa otplysed 2o will be meutioned far tho
onolyein of the gomploss The wolume of the blouk ot 1600 wao

el » 0p2 uwoeglivsa  Gogperioson of the vecuum fusion dato with

$hat from olhor ppperotus (G 39 shova in Lablo ().

Lebavatony ST Ty
Hoditonol Physicol Lob. 269 | P 155;9.. + 004
Unibed Stool Cos Lbds 2000 b éggg Qed » Quby
Bhofliold Univorniby BU00) 3 1630 09 |
Pirth Broun Reosearod Lbds 2300 B 1650 I I |
Frosont woek Q000 G 31600 Bl = Qal
GAS BRIRAGDION, K000 ANATSTS BIOOUIURN.

A Yhe geocs were rolecsaed frun the sauple very repidly,
it eould vouoe the wetod do gpatter, vhioh gove orredic resulbo,
I8 tho epabtorod pertdiclos of molben moebel come iv conboet with the
sillon tube, resction betweon the molien metol (conteloing dissuvlved

coxbon) ond silien wight wesuld in the Lopnation of oprbon
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monoxlda giviog high velues Lor oxypens  On the othor hand i8

tho spobiorad particlaos solidified aftor Lolliug oy tho grephite
powdor o bollopo failiog on thoe pilice Suboy the ogypen resulis
wendd bo lowe  The spebberiby veo evoldaed by lowering the
tauporaturs $o obond lﬁﬂﬂqﬁ boforg droppiag the oompless Huofher
edvantege of Lowering the temporaturs wos thot She pople did nob
pilok o the orneible coponbly iF L6 wlesad the cruelbdies. The
paupla eould then be dropped bnek ilobo tho erusible by Lovoribyg
o olacironeghet and adiusiiog 1% 0 o propor pull for the s@uplos
Tho tomporatuee wes then ralvad geadually to Z600%,  sbout

4 gooe OF ormoo LIon woro dropped Lndo the oraclble prior to
droppibg the panglecs This served as o moldet bath and gove

pond condirbions Do dhe rooobions The ges oxtraction from o poaple
wan sornplly couploted within 15 - 20 wiunies.

The gepes wore thon conpronsed $0 a koown volune &n tho
celibrated bulba of She Yeopler punp eud il prossure roed on the
manonotor,  The veriocus topo wore then adjustad aud the guasen
clrendobed through tho system by the circuletiog diifueion punpe
Gorbon nonoxdde vep oxddiesd $o covbon Jiozide and hydrogen %o
vaber vapour by eoppor oxide ob aboab L0%e  The wator was
chuoirbad by she drylog epend  phousphovong pectoxzides The $op
valve of the Qoeepler pump wet dhen Clused sud the yesoining gog von
eolloated in the aenlibealiod bulbs aud Lo prossurs van nensurad

ot tho semo volune op bofores By shaple oubtreciion tho portial
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praseure of hydrogen wan obkinlneds

The gop vas once mory allowved ﬁﬁ civontatn, sud this
Sime GOy wan forgen ond using liguld oxygen in the tveps  Ehic
Loft coly nitvopen vhich wop eollected in tho Toopler purp snd its
proceuro von moasured e bofores,  Subbraction gove the pertield
pResenro of ﬁﬁga

Hron $ha portisl propsurcsy the voluas and {onporpturs
of tho genpes, thein volumo ot WBePs wes osleplatods The oxacl
voluneg of the goses woo obtalned by substractivn of $he blonlk for the
gorrespouding tines

The acouraty of the rosulds wen cheelod with atandped
pouplen of koo oxygon conbanto vhich gove reproincible yesulis
Tho yosulés roported o the progent wvork oo the meocu of twoe or noro

coppordand reaulbo.
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RESULLS

The ouelyees of he axperinonts weds e shown
in DPable (4)e DPoun the chivomium eud onypen onelyses wern
uormelly done in duplicetey, bat AC the ryprocucilbility vwoes
found o be poory they were checked fuvthore  Chronium
enolyeos oro reportied both es welpghé por coul cod nole freoticon,
Oxygen eneplysen oroe oll roported oo woight poy ccot,

A% the expexinents were nnde dn chivonie oxide
cyneibles.

the wator vepoar-hydrogen geo aixtore waee bubbled
theongh the nelt in o)) the oxporlnonise

Dietillied woler wan used an o soureo of webor vapouw

in qung of m ration highey thon 0:,0Z2, Por low oxygon
o
potontiols, (Lo _é:"‘f}gﬁ = 00007 = 0e02) s oxelic seld/onelic soid
phip
dillydrato wixture wos ueed o8 a pourcs 0f wolbor vepoure
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DESOUE

The oaymen onelyses of various solactaed oxporlments
at L700% oxo given in toblo (5)s  The results prepenkod ore tho
moan of tuo concordent Yoluess Soaples du tho prosout vork coubeinod
from about 0§ to 0619 oxrgon sand Lov theso the roproducibility
vos + 0:005:«  IL the reproducibility of the rosulin vao ppor,
tho anolysio wes repoeted ool noes Of the twe ¢loso veluens teken.
flod oll the weils vere sonlysed fup tholr osypen conlonin, hocouso
of the vorious ¢onploxition cnconstoved in the oxygen apolyois by
x}&cuw‘a fuplon mothods  Thopefoaro tho oxygob anslysin of the
aggporingnts vhich were cunsidovod fer evwey from tho aqudlibriue voluce
are not roportad,

Chyoniun anelyses woPo 6loo done in dupiioote ond normedly
opeed vory olosclye A tho mothod uced wee a standord methed
Shoro secmed to be Livtle doubk sbout tho valldity of the rosulis

off thopo sonlysens The averepge roproucibility wos 0. 07
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The oquilibrium rebio fop the yroaction

Ho % g';:i Ha0 ssssecsnnnene (1)

cuty ba writton we
1
Ky = gio .
pils % & 3
Feon the preseat results ot 17009, the velus of

L] .
K 3 con be goleuleted knoving the aquilibrivm gﬁu ratios and tho
Hg
oxypan concentraticne corrcoponding to perdiculoy ohromium

concentrebicnug Ceie Tov
G = Slell

?ﬁ&% w  (,0165

220

"

K3 = 00065 = 0,206

k 060765

i the FoCr-0 syston howover %' 1L o6 };ﬁigﬂ

pig % k)
io ot o conctent, Wl veries with chroniun concontrations duo

to latoraohlon offoctn,  An extrepolation of the log &' v Hop ploy
o zoro por oottt clwoniua should glve a veluo of fii}%*ﬁﬁyzg to
the equilibrium io ivons  PThis extrepoloted valuo of 5 con thon
ko ouaporad with the socopted voluo of dog K &n Foe0 gyston $o

copes the roliebility of tho ozporimontel datos



1)

2)

3

k)

5)

Tha oguation for the eguilibriun cooptent for

the reactiom

3‘3.20

in pure Yvob; by various dote ovo given it toble (5l

Couperison
H& + O

Frosontatlon

VaVe Overin
Hels Polyekow (1h)
5

Nolle Semerin
He Aw Gokeun (6)

Toite Flovidis &
J« Chipman (7)

Re St &
He Sekoo (15)

e Matobo &
Ge Gundi (13)

TABLE (8)

Effact of tomperaturs oh the
Scuilibrivn goustonts

of K volues for the xeeqiiocn
a0 (in Fe = O ayaten)

dog K values
ot 1700%,

Jog K = Dybh0 = hel3b
T

108 K = 6,670 = 3020

am;;!lmss
Iog K = 7,080 « 5,20
o

hop K e 7,040 - 3,224

by A g S

T

108 K = L4340 = 5ub35
¥

Oe 249

018

Oa 373

0s Sl

On 567

The host  veluss of tho equilibrium constont for the

vonction (1) in pure iron ers considerad to Le thot of Floridie

end ﬁhtp:xmn(?) and deno and ﬁmﬁ:w‘lﬁ) »
The preuent results nt 1700°¢ have been plotted an
log K v wb. per cont chromium in Fig (i1).

An extrapolation
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of tho nwed roprosontative liue drawn throupgh $he pyesont

rosuléo, to soro por ceat chroniaw gives o veluo of Log K‘l e Ou 35
This is io vory good oprecment with the cocopted voluap of
Ploridis and Ghi&?mmn(?) and Spno ond 55&1@510‘3’2‘) e Tholp (7, 13)
values for Jog K ab 1700 pre 0.357 and 0s 34 roopectivoly.

Since tho iutorection evefficlients in tho clloy systen
sra calouladed roietive o the gquilibriam doete ip pure irony
ageurabo dobe oo the Foed gyaton is espeotiod. The results of
Ploridio and Chipaant?) eng Sono cng Seneol®5) hove besn obhained
pfier the noat cureful conoldsrotions of the offcetn of thormed
diffupion and the method of sempling, thevefore thairw' 15)
data shoald be reliobles  The worlk of Chen and Ghipmanwe) et
ok th:*:i.tm( 23) o eguilibrlan 4n $he Feelre( gyotem st L6000
hos cuphopleed thoe inportonce of scourste dote ob Ky in orger to
doternine the interaction offeckn in the melts  Their raa&ﬁm{gﬂ’g’ﬁ
at 1600°C ore showe with the present dots ot 1700°C &n ¥ig (18)
oy log 5 v whaeie chromivme  Hatropolation of Chogltont 5{2 ) resulic

. ?
o soro poy gent chromium glves s velue of log K . = 059 vhich io

in closo ppreoencnt with Floridis and Gmg‘;»mm'a(?) 1vw1ua Pom

log K & 0a57 6t 1600%. Chordtont23) usod Floriois snd Chipmon?st?)
volue it his caleulptions to determine the effect of chromivm oh

the petivity of ocuypoen in the elloyss  Ob the othor hong,

. 20
oxtropoletion of Chen end Chipmen' is{ J rosulte $o Dero per cent
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chwoniun gives a value of log ! 1% Os?de  Thia oeoms to be
vary high and could bo ettributod ko the ervors avioiug from
thermel GLffusion in theip?d oxperinents, Chen wnd ﬁhigman(ga)

ko sholr colealetions ueed tho velue of Pontone ond Ohipman(ﬁ)

for log K which hes since begn found to bo in exeor duo to thormed
QAL union. Thﬁiriﬁ) valuo for log K vos 0.62 8§ 16930,

From the swove gonsideraetions it csn o9 acid thed the
presont reoults at L700°C end ﬁhw},ﬁm‘ﬁwﬁ) deta ab 160 sve
more roliablo then woy of the provicas ivvostipgobtione. Bocauwe it
e partlouierly Luportant in the cvbaervations of the oguilibriun
in thic gyetem %o eliminate tho thorunol difiusion in the
X’ig v I‘iai} ges nixture and Yo ensurs & ourrect volue of tha
agndlibrion oxygen content, ﬁnﬁh in the provent study end
Gharlsmn‘a(§§) werk evere was feken to provent thovapl diffusion
and o guotich the seuples oo ¥epidly ae pospibles The exporinento
werd cerried out for auch loager poriods (4 - 6 hws) 4o oneuro
Lhg aisimmﬁmw of aquikilrivo ond oguilibviva ves sppropchod froa
bouth dirontions.

The equilibrivwa date is sbown o Fig (A3where the
percentope of é:qrgeﬂ in equilibeium with chromiwn in the nolten ivob
od L700%0 Ls plotteds Tho rongo of chvonium contont otudied ves
A2 e LGs Gre  Clwomiwg concoentyations are exproneed so mele

fppobions ae tekuloted fo Teble (6)s  Since tho abonie waighd
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of ohxoniwd 28d ixon sre similer, there is little differcoee in

plotting wole frectious or weight per centme.

Run ¥ o NGy 549

o SO .. SO ... A S

16 0u 223 Qv 225 0s 0769
19 T 0.9 0n 15 04062k
20 D 264, e 266 Qe 0635
25 e Op 313, 0a1067
h O 306 Q4 339 000859
26 OnhiH Oa il Qa 154
&7 Qe 320 Oudd3 Qe 3500
26 | Qe ly3 Qo 245 Qe 0BG
2 Qehd7 Qe 393 Qe k150
32 D 55, Qe 39 Qs 099N
h O til Ge&tO0 Qe 1397
35 O 1.2 Qe 219 Qw0956
36 O 250 e 255 s 114
57 Op g0 04 393 0w kOS2
B Gadfiy Qud i Qe 0648
39 0y 291 0. 199 0uE5Y
42 Qw450 FRN R s 0654,

43 . Qe 359 0 149 0. 0751



Run e o oy ;rg
Hiow _Inieisl Pl

42 Ds 228 0a 135 0a 0652
L5 Q0 326 Ou B84 Ga 1339
) 0,118  0u327 00565
45 Qe k39 0s226 Oa 0719
46 TN | 0e155 0s Gl
v Qe 17 - 0168 0s0B76
46 v 161 04063 Qe 6L

initiel oud £insl chroniun concentrobionn sro plobted
to show the divection of observed movenents tovards tho otielinnont
0F eguidibeiuine  Lhe seavber of the xéﬂmlﬁa in conpidored guite
vikbhin tha oxpopiuenial errovs, Hawafav. to dreaw a lxné whieh
will be nost reprosentietivo of the expérimantai datiny certein
rolovany Faobn bave o ko bYobeu into consideration,.

de Prinowily tho divcotion of moveuent tovords
the eguilibelun is aﬂnﬁiﬂareé moet loportant.

O dagondly lower oxygen rasulto eve considorod €o
bo mors relinbles A voacuum fualoh epperstus oot pive
low roesulta due to the @bawwgeian of ovolvod goeses in
Yho ooslor perds of the furosce tubo, rﬁ‘.‘hi.s is guitoe

nogligible pextlicularly whon the exygen gontent of tho



pn

motcl 4o oudic low aud tho pumping syotom o

gfCiodonts On the contvery, Who rooults con bo

vory high dne o slight porosiby o oon wotellic

conbondeation of the netol sauplons

Prom Pige (13) 46 4o guite siguificant that tho
caypen contond duoropses with inovessiog chroaiom codccutrotions
in theo rabpe 12 » 4G5 chraniun g0 Pe-Cr allcyse  Thio ben
oloo beon veporded La the swlicr atudion oh $ho Poelmwd gysbons
Tho results of verious Lovestigations ot I600% cpe shovn olog
with the provent dnben ot 37009 in Pag (M)e  Thare hes boen no
provioun pubblohed Goto oo tho Fo-Ore0 syston of 1700%s  Thuo
the ounperision of the presont deta Go thet ab 1600YC widl ouly
bo » queldbobive puldes  Howewver, apovd fpom cortioin
Glyorepanoloss 6l thape resulte show thet additionn of chromium
Fiwet lovor the solubllity of oxypen in ivon untlil & eludous i
poschode  Puprbher adéitions of chromlus incrosse the solubilisy
of oxygen in ivobs  Tho seture of wxido phose prockpiteted io
digounsed Lators

@rmm‘ﬂharltangﬁﬁ)raﬁulﬁa whio Lisdd fop tho wninioun
oxyeon solubllity had beon phown ob 7 » Fafls chvomiume  Chot and
ﬁhipmaﬂ‘niﬁa) deto show 4bio miolnen ab cbhonld 60 chronluws Cheon and
ﬁhiymﬂﬂ‘ﬁ(gaa Ling shown in Fig (14) heo beon dpawa tlweagh thoir

aaparingotnl vesults robther $hoo chowing the oxbdrapolatod curve
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sdvan o $holy popoes  The pesulte of Bilvy, Foageog &nd
Poikmort I show this mluluwn selubility Limlt from 510

pey cont chronfum, 1o this mw(m) el the Liue was Oreun
%0 covor thoiy lowest oxporincnied voluoos in the crigluel
popoxt Ghe 1ine weo showo suoh bodow thelr oobued ozporisantol
Ry son reoul e ‘-ﬂuﬂb&ﬁ@gmn’miﬁg) faw rosul$e in tho xougo
L12 por cond chwomion 00 po% show any ninings

In the procent iovastigation the renge of study
V12 « 40x Op) wos sbove thot sbich ono wight oxpool s wmiainum
an Ghe o Or v 50 plok at 1700%C,

Hovover tho sighificencge of this aloioun ozygon
pulubility corxaspondiog o perticulor cheoaiun conconbyations
wmplien thel is low cheomlun alloys, chvonlum aclo 08 ¢
dvoxidicor o woll ap an.plioying elemunt, while in high chromina
alloye, chvonkun hoe viebuelly e decxidlsing effectss Thip
ey bove gpeoleld dnporbtencs with regord to the dooxidation ond
laolusion probicims i high ehwoniun stieele,  The solubility of
oxyeen L0 deouschroniuwa olloye ds liuited by the procipbietion of
vgoertain oxidowphosas coarrespoudiug o varyiog obromivwa concontrutiono,

(20,23, 50)

£4 hep boon postoleted from thae voricus dado on sho

Foulps( oyoten thot there is a gredusl chebpgoe in the oxido PRRsen
in equilibrive with chromivn 0 Ghe ivonechponiun slloyo,

the tyroud is ¢ Howerds the Lornetion of lower oxides of echeomian



Gty

whth fnoroscing chroniwa copcondrations,  Although theve io
o unpninlty sbout tho oxeel oxide phbses it ogullibriun with
chronium b high cheomiun coheonbrotiony, yob ond thing is quite
eortainy Shot thoro is o praduel luercese i the oxypon contonts
oi Jponechrumiom edloye with incrossiug ohronlun ¢oncentrobions
boyong the wininun, (dloouseed ooxlior)s

The proveuge of aickel in tho irov-chwoniwa ddloys won
Found $o Luvdhor fncroson the oxygen oolubllity ond thuo lovors
ibo cotivity co-ofZicient by a farthor omounts  The Jdotted lino
phown 0 figure (13) repreconts tho rosultn with ulchkel. Tho
offeet of nilokel cannoy Lo considored in Jdotnil booouse obly
thres ozpoximonts heve Lbeon meado A PaeQreii-G gyotomns

Yy comperiog the eguilibriun dota on tho resotions

Hy w9 = o

in puro dron oand ironechivcuivn glloys, tho interaction coefficiont
fgry ant be caloudateds  Thio doop not ilovolvo any cosunpbions
vogording the oxide phoses in aquilibyion vith tho nolbo.

i tho present work the velue for Ky given iy Floridis

AU

and Chipuont?) hoe boon uped or tho calewlation of £5%co £o)Llovos

Zhe equilibrium constont for tho rocotioos

HBo 20 :i 3‘3,3('&

L
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[}
Ky & plls0

By ¥ 70 (20 Pow) 00d FewbrsD cystom)

b

iﬁl = plieD
gﬁig oy
= pilg0
[ ]
giﬂs ® i'{) % 48
dog K = fﬁlg@) ~ m log f{)
P, = 79
100 K = Log K = Log £

5y '
dop £, & 2og K= dog X

Hore ;{4:'1 io Gho equilibriun congtont for Yho rosctlon
(1) in PosCr-0 gyaten ond K, is the equilibviwa constont fow ¢he
Powd pystome  9ho valuc of Log i = 0a37 ob 1700% is talkon fron
Fleridio ond Ghipman! 5(7) rasults, Tho value of log %' in twrn cob
bo calauioted as shoun proviouolys
Cefle fe

Wor = 0225

;I}E&i a  Qu0L05

ol

A w 0,0765

B = Q0165 w  0u216
0. 0765



Gt

Thons

Lo ﬁ?’ & Log OeZL6 = 0437

Log fg" o« L0355

€ = 0.09213
Tho gato on i'grewa progontod in Tobloe Te

PAFLHE 7

Rup Ubeys O oY gl
LTS . ; 0
16 21e &l U 825 Qa092
19 20 0 Qe 15 Ou 37
20 25,2 G4 266 Qs 200
&3 204 56 Qa 511 Qp Q42
2h 50428 04 389 0042
26 4086 - Qi 0s QL0
a7 30 56 ‘ Qe iR 0,023
20 2510 Gu 245 Qe 70
71 2 0w 353 | 0026
Je 22003 Ge 839 0,069
Sy 50426 Quqi0 De 021
35 204 62 Qe 229 Qe 085



e o W

36». Hred On 855 0,061
s Shels 00301 04016
3 16 0017k 0,17
96 TR 0,199 0e13
Lide | 150 VG. 16, Je 24,
lke Wie0 00189 0u 22
42, 12496 04230 Ou 3t
b | H00 76 ‘{M el e O3
L 228 00127 Q57
45 11,5 0,126 Okl
4Gs 156 04155 050
bie 1576 Ce 168 De$
Wi e 0163 019

The roculés spe shown in Pige (15) whare I’g”gg plobbad
ogoadnst HGre I tho rouge O « b wvelight por cent chroniun no
oxporkaonto have beon modo and the dotted line shown in the groph
in an oxtwvepoletion fyon the bigh chromfua dotee  Tho mnethed of
coleviotion of the notivity cooffiolony ic bopsed o $he cosumption
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thot goo wolel agalliberium heo bood elielnods  Therofore,
in draving the capve, tho experiuenbal points vakeh lio on

o ore vory unoar to the opigined piipd v Wr curve are cousldorod
e
ﬁﬂg

moroe importonte Aloo L6 con be seen fyon the groph thot vll thoe

ciperimontol dato squitc well sorved by the cuave drawn, oxcoph
thrag poivto ot higher oxygeon potenticls. © Tho deviation,
partioulorly of one of these points corrusponding %o Run Nos 4G
io cultoe proncunced from tho rost of the dotes  Thio con only
bé axplained i€ 4t is cinoidercod that sonio of tho oxypon might
havo osoaped due do loweriang of tomporsture bofore kaking the
pomplas  Kho youson belug thod ot sbout the ond of thic run,
tho cureont failed and 4ho time gop before o semple could ko token
hed oengidopobly lowexrod the tomperasture of the mols, thus
ropulting it o poasible less of somo of the equilibriun oxygon
contcate Thio gotseguontly peve & waech: highersvalue ¢f notivity
cosffioiont of oxypone |

In PMdge (26) log ﬂg” hes beon plotind opalnet b
chwombwae  ALL the rolovent oxporinentol vesulte ore shoun ond
tha boot ropregoutietive live is drowhs,  To oblain o velue of

tho Antoractlion paromotor, Gogoor's (47) rolotions

ﬁg? & dlop £9F

i

D5 Op

Lo noads



CTTTTTTTT O e Ty ) T A I o T T
‘ A DU | . ia b W;WW--M-.M\w{ SRS TN A NS DR SO
| L . S TS N AN TRt SUE s TR B
u%\._,, ~1V¥ NOd| 7: z o\cﬂOmO Eﬂug Oui
. ﬂ D w P | o o oot w ” “

H N 4.

L EALIAILDY 3HL NO WAIWOYHD 40 _.,_a
, zaﬁoﬁx :

S E
u@_t. =

e 0. B - -

i
i
l
i
H
;
{
U ISP
H
;

e b

|
|
|

i

L anes
AR
‘-

E

Iy

|

{

i

B
'

P
B
i
.
.

P

|
g
,
!




Ve

in tho rango of presont invontications (14 - 404 Gp)
a linenr yolationshlp holde and the intoreotich peramotor
Pound for this robge e ag"' g w Qg Ol
This doshoun ogodn in Pig. (17) olong with
Chorlbon®s (@) dotn ot 1600%,. It con be goon from tho aroph
shat Chardgon? 3(233 gatic chowo & lipeay polotionship in tho
range O » M cvonluns Therefare, tho voluo of latorsction
parenotor agx' ® = 0.000 io cuobed Lor this yvoupo only. The
values of intorection paremetors as obtadihed fron the verions

doba are given in Toble 8,

LTS Be

Progentotion Tomporaburo o F

N | X | . O

Progant work 1700 e Oy

Gh"‘:mlﬁm(- 23) 1600 (e 050

Chon & Chipment®o/ 1600 001
(oxtrepolated valueo)

o0

Ghon & ﬁ’mtgmn{‘ 2 1600 (36055
{exporimentol resulis)

‘f.'wmegm(" 2) 1400 w3 G0,

3% hoo boon uggoked that tho peremotors of Lor
tha tovnayy watmﬁ Foel=0 decresse vith inarepsiug olability of

tho oxdde of Yho woted Uy  As tha stobility of cheomdun oxidor
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decroasss with Lncroauing temporature, therelore agx’wi.ll inoroose
with o duorcese in Seaporaturc.  Undor thivso conpideraticnn

it eon bo goncluded thet the prosent velue of ag” at 17%@% io in

lino with thot of ﬁhawltan(gﬁ).aﬁ 16007,

ufgxgnfsxﬁ(‘h*n tieo shown. thot the Polloving sinple rolabion
oxioto hotwaon the intoracbion poroseters of two colutos i tho
son avlvont Jecs

‘Ji e ;313

J i
This valetionship holdn tue only for dilute solatlicns
and mey uoh Lo eppliceblo in tho prosent work,  lHowcover in view
of the rolatively low concontratiobs of sxypen oo conporod with

cheomdom &0 liguid lrony the value of fa‘gx_ is uob olpgnifiootts

then conoantratiots oro expronsed op mole frackions,

tha Loatorection poromolops axo dquotod oss

Cr  op
E,O & 3,1%;%
d Ty
Proa the prosont debn &6 Lo found bthob:
Cy
€ o - bab

In teron of fnterptomie abtvaoticn the nopolive voluos

woy be waderatood on the boole ¢f o vory simple nmodely illustrabod



9%

by tho PoeCre0 solutions, In Fe«le golotions oach § atom
is surrsunded on tho gversge by n Fo atong whioh ahmvé the
Hoe0 bonding onorgys. The Ore0 bonding ia otronger thon tho
Powt bondiogs eod dhis lends $o tuo yosultng

(1) %he ratio Cx/ie in procter ecmcugst the noorant

neighboarn of Q than in the bulk of the molution.

(2)  The O etuns bocous mere fivuly bunded op the chromiun
concontrotilon Locronsan.
Tho aodol indicated sbove tokes oo eccount of the
dutermotollic bonding feos Pewlr which wre probably very snolls
Fyem thoe present experinentol cbservetion on tho chaulcol
bohovionr of chvomium with rospect fo ito rosotions with oxygen
A Ahoudé dvon at A700°% 44U 4o concluded thets

o the Fe~Cr polloys Lor a given ﬁﬁ rabio, the oxygen
contont dnaeooses with increoniug t:immﬁ.w: Iﬁarwants. Thig
oignidies thet chrondun lovers tho sotivity coofficiont of oxyson.
Do visuglioo tho reepon Loy lavge offeet of chrosium on the
sobivity coofficiant of oxygen, it mey be supponed thok oxyoen
atons 1o 4ho mold ere noro stropgly bonced to chwoniun then 4o
ivons The ratio of punbor of chromiumsoxyecn bondp to tho uambop
of fropeoxygon boads io greator than the retio of chromium 0 Lron.
Thic docn pot roquire thot thore be moleculos of Ord and Pod io
the nelt elthough the prosones of such oxidep would be cxpdofad <o

lagd $o cboul the pone rosultos



An prosoobion cguilibedan deds nond o tho vorlior
ogporknontalous nose X« 17 hovn boon fonovods Bhooo win
protiafuney exporioontay caredod cob bo find the approxbostc
Gonddibeiun volass auusoapcadinyg 4o partiower hydvottnakop
Wopiae gog mlatuiere  Sron Whase sosulto &8 von obosyved Yint tho
chucmbum momtrebions wwae Lovers thon tho sedinoted volucn Lpon
dha ovellobio dotn of 3600Y%,  Ghas &0 chech tho fabotioning
wf She oppovating aod Ghe Secholaes o fou ranas | 32 « 37 ) wono
mide of 26007 fov o dlvect ousparinds vith thamwalloklo dnbos
Boke elon todiockod thet Ahe sosadds woroe Tovar theo thooo
waporhed 10 410 literaturet@ils  Loker on 4% vop nokbood thok the
gloetpolyiiae ol bodan unod Lo koo opordooatn eohbciond pose
bronniol oxidy peoticiens Thoreloryy i the subsayuont osperinonts
She dvoo woad vol preenoltod Lo en ofovephoss of hydeoaen 66 ronov
oty fvaces oF oG proscoot,. Aled Jeos ond dnolediog fun 36 L6)
anpdne o hioh aheorian neshoey ollay wes nead oobond of viveko
uholee

Soeddlibedun von vorselly oppreechnd fron potl tho bhigh
chropizn ond fho Low cwoniun oldesy  Fo cgswre thed e vwolud
Shaolily obtvdood poprautubod Ghe Yoo equiiibrivn alodl, covered

oEptaiands Goro bopontod Lo by pooe H0A0N wnblos, AL Bha



gxparinondol rosullo are shown g Tablo 4

PFige (16) shows ho relationship betwoen cheonium contonts
of molden frob obd. equilibriuwm ratios of wator vopour 4o hydropons
sheendom conltendn are oxprossad on nole frectionse Iuitiel ond
2inel chroniug contubbs are plotted to show the dirvectlon of
chooprved moveneub.  The orrow hood indicabton bthe Lingl aunlysod
cheonicn concontvationg,

Tho cuwve drovn £its the experinentsl dota well,

ALY the polnts ero served by thic cupvo ezcopd o fov poionto at
!;x:v,gh%:grgan potonblaly bab those ¢an elso ba connldored withia
tha oxpordnondol 9rror.

AMaoxding to the phose rule the PoeOreHpOeil, pysicn
vhich gonpists of four copponvnto, iron, chromium, oxygon ond
hydrogong has thwge Jogress of freodomy  dhe damporstiure, tho prousure
ond tho composibion of the gon phose so thet oply Shwes phoson
could be propont &6 oquilibeiun with ono anovhor.  Wow thot bhoro
vae slrondy o gos phose and o Lhguld phose (netel), oanly one solid
oxido phoso (o Liguid phese) could spind under oquilibeiwn
condibicne, When o solld phono in this cusgy cruelble modoricld
vias dndroduced indo ho ayubom, &% wight roeneln to such A0 &%
vioro the stoble oolld pheso ander those conditlondy, op 4% might

bo dlosolved copbitnuousily by the moléon metol width tho procipitation
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of o wow oxide phaso Lrom the metel, oloo continuonolye
This rencbion would continne uutid. one of the uxlde phacos
dipeppaarads

In the propeob wopk tho t:"kmcmima voneontrobion ostudiod
vanged frop 12 « 405 chironlu  IF cbromic uxide wes tho ateblo
p0li0 phase, then O ~ Cp P -pos oquillbrds will sovve tho

L)
© 3
egporiuontel roaulins Tho rosotion and aquillibeium connbant

At

fow $his voeaction ares

Crooste) « B(e) = 0 (@) » g

The freo anergy Sox $he ebove rosclion wes coloewlated

aa Pollowns
Fron Ghe thermeldote nvaileble on tho stondsra Gibbs
froo onorgy of formafion countion fop QX‘?,G 4

,;. " ’-'; g — u.‘,w &3
2 0p (u) agﬂzv_{zw{gﬁg( )

' w5 ..
Aﬁol ] *Q?f“"?‘% L 6*11‘;@ 1“ f;i? “2" 2“(}2‘ :’E 1{)‘*‘){“ ‘t‘ Q' {39 x 10})% 1
o M5 958 en&awﬁ)

: . ok —>
112 & 7 Gg — Hgﬂ
Aﬁf’g @ =BG O40 + 2y0L T 10 B - Galh % 2070 07 w 0008 x 100 7L

- el @ calﬁawg)



e

Tha feae cuoppy of formatiion for the ronchiom
Gxgﬁﬂ(a)‘wxzﬁg_;;? Fi0 « 2 6r ()

in enloulated from the above agquedlon np:

m.x v 9 .,Q f?‘lO
AG:;:.@A(:‘? - Au'i

&‘31700 2 53,706 cplos

Pron Shia the wolue of oquilibriwn coustant io obbeinod usiong

the rolations

Al w » B 1o &
m o~ balfS L log B
Log = = 53,706
bt Adahd
L B75 = 19735
m whaDEL
£ s Leie x a0
Thus knowkog the wvelug of “AY the chronium activitics gorrospondiog
to dLfforont ﬁﬂﬁﬁﬁg robios ave celeulated fren She rolations

. ¥ el “'Z’ y &
Boe (B0 )7L (e )
pilg |



Py

8 g 1 ey "

sl G Hop %%* B ?ﬁf | Y%«g) B a%}j) ” Y‘fi)
24 2 EPEL Os0L05  0u50 288 Qalids de 97
20wy OuPlH Qw2 On JF dw 0w 37 Lo 7k
25,8 Ca 266 QuQLY  Ga38 209 Qe B2 Lo 2k
20 56 e 523 Q0106 097 Jel2 O30 2076
Foa 26 D¢ 539 0a0106 097 Sia Oy 04 86 Zal0
086 Gedi2d Qefd0FE 1451 i 89 1,60 5001
500 56 0e b0 Qe00FL 281 hehif 160 590
2516 Ou 245 0eQLGI 0w B 2400 Oakh 30 &l
Jtebi Qe 393 - 0a007 1,01 4 60 L4 GO 408
22663 Qs 859 04016 0s 52 2ed9 U li6 1094
Be 26 Qeid Q007 182 be 52 1e 60 4e 0L
20u 6l e 219 k0158 Qs 56 ka3 g 3 Le 5
fhedl (e 285 Ge010L 0680 3298 Cadh 179
el O 391 0007 L4801 he 6 3060 e 30
L6y 52 Oud ¥ WOZ66 Qe lily Aot Ged22 1085
1872 Do 199 Cu026h 02825 L ity ) e 1410
Loudy s 164 CwQJRS 0wl dedd Usd& Qe 94
L Qe dhD 0uDJBZ2  Deld Qa5 Hal3 YNy

L2496 0138 GuOBEL Qa9 Os Gy 0uB D0 57



Whpsh Cx Now m ?ﬁj Y?ﬁ) 0{(;;;-) Y%ﬁ)
N g t— e —

e 76 Gy 30 Q006 Ga97 Pe 99 0,86 2o 65
2o 4. Qa7 Q0777 Q0B 03 - Oulih Ou 35
1t e 226 DwOY98 05 0u 57 - Oeh s 33
Lha 56 (O 195 OeB527 0,09 0w 57 - Oe 00 0a 50
L6 0u 265 Ge0JE9 Qe Qw2 O 12 0.73
1532 0, 1263 Q326 0429 L35 027 1,02

The voluoes of aotivitias caleuloted ap above eve given
in ®able D¢  These activibies rolew 4o purs solld chwonivm oo tho
shondsed wéalos  These values ave converded o purs oliquid

clironiivi ap $he sbenderd state using the relebiom

Lo s VAY 5 S O S | % dog o
w6 ®

e HE5 %
viore g, = eobiviiy of chivonlum volative to puve Ligudds
by, ® aobivity of chroaiun Polative $o pure edlids
@ e tomperatuowe of roogiion in &5& :
e 1700 « 973 e 2979%
and For chrodians

Al s 5,000 colo, (Kolioy)
By = welbiog polot of pure chromium = L9035 + @73 = 2176,
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the ogtivition relotive $o pure liquid chwomium oo
tho stouderd ntate ave olen glvon in Pabla (V)

IR thomo datn ere wm'méis Foelr é&.l.uym? goaturetod with
chyomium showld hove been obbained in tho omperimonts corrcsponding
bo o0 /pty ( 00y sineo in Ghose ezporicents the celonlated
chreonium aseblvidics copwraspond to o vadoe of more than voilys
he experinontel aouilibrivm ooteetbvatlons of chroniun ovo mach
lomg Shan satuvstion end uuless tho deda Pox e frov envegy
of formabion of G;?gﬂﬁ ip in considorable oreop, tha oguilibrium
balng studied camob be thed betwach Gx-*;;ﬂﬁ; Op in 1iguid iron and
ey - U0 goos

Po luptrate tho walidlty ol the yeaotions

Pl woow 317 ”~ o 33;}:}{3 & 3&;}:‘
“ ? ’ i
and equations

o )2 o (5 )
Ke g gﬂ;ﬂl, 0 i » (%r)
plip

log pll0 ip plotted agednot log HCe in Pig (16).  Such o proph

i S .
pHg
should give o atpaight lino haviog o olopo of «2/3 in the chroniun

ronge studiod 8 ceoniv oxide ie the sdeblo oxide phose in
agaidibelon wikh the metal sod solublons of chroniun o ivon cboy

Roould's Lowe  This would Justify 4ho assunptions mode in doviving
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thu cbove exprossion fov the eouiiibriwn coustionts. Hudh o plod

will only be pogsibie 1L tho condonoed phowes e of Dixod ausposiblon.
Thio in obher words meons thad the chwomle oxide which &n io
coailibeiun with dhe vapouy phosoy ieGe RyGrogen,» vniop vepeur
mixburs should nob obenge it couposlbion with ho cheoniun
concontrabions Lu She molign ivons  Socondlys thet the fron » chycalua
solubiens shoudd obuy Reowdt's have  Both dheno osowupbions

were consdderad fo be volld L s of tho provious egullibeiun
gludios of O » Crgly = 0.0 = Hge L€ the coudeused pheses oeo

off faraduguiponitiong this problon can yesdily boe hondled in Sorms

of Soulibibriom auhotonts JO% some of She rogsut fovestigatlions

bhove repopiieds

(30)

(o) The exletonce of othor oxicen of chroniul cage Up,0
and mﬂw‘ﬁ’ s J corpuspondlog Yo Yaryiog ehvoming goncottrations
Lu tho e » Gy » O gyatome Whie indicotos 4hak $harg i o produal
change 4h the gcnposiblon of dwonlo oxlde which ks ih ogullibrivt
vidh cheonbun aotel and hydrogen « webor vapour miatuvo.
(b} Theb the Lvon chronivn solubiones wey duviabe gaibo

consliorelly fron Roowltts Low, buth in the wolld and liqudd stotos

af elropdy f.‘jmmmmﬂg 2 - 28)

Thus the diatig Ao the slopo of the squilibriun plob

dog pe0 s v dog Wor o dloonsoed in the ight of cech of those

two ponnibiliticns
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O - O oysten invelving an oxide of voriable ocgapositlos

in £ige (19) Ao phoun $he wolevant uvxporinental
data ot 1700% oo log piyO/pily v log Hope  Zoitiel and £4ncl
ohvoniuvn coatonts are plottad o show the direction of movemonts
in drawing tho wnost roprosontotive straight Iinc through the
oxporinantol rooults, tho direction of movemont as woll os tho
poiuts soeror the plioO/pily v Nor  Big (18) erc concidered woro
importonts A 1ine hoving o oldpo of =1,7 io tho beot £t
Lor tho exporimontold results indiceting thol the equilileium
dotn ob L700% in the range 14 ~ 404 ohromivm 4o boot oorvod
by oonpidering the eguilibrium botwieon Cr=Cry 50 = Hg0 - Hy,
if the oxldo iu consldexed/8enteining only Cr and oxygen and
aoswaing solukion/of Cr in Fo oboy Rooulb's Lewe io thio eano
the yooetion and equilibwiun conabant conld bo conoidered,

c:rl'7c3 v 0= H0 L7 Cp

de?
1 ¥
K = ;;‘3,?(? ’ (aﬁﬂ)

K & pil0 e (_‘Nﬂr)z"?

i
"R 4o caleulobed fyom tho oxporimontel detics  Toldng oy
point on tho olopfia Tig (19) cegs

B0 o 0,0106

P

Py

1
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How = (s3519
K o (0.0006) x (0n325) ¥+
203 K = log (0.0106) + 1e7 2og {(0s319)
Jog K = «2,640
oos LaSik x 307
dnowiog tho voluo of Ky tho fiec aneigy .of formebiot of
tho rosotion (@rh?@ « U, 2 10 ¢ 1e7 Or ) 44 celeulated uoing tho
rolotiion,
AG = = RT IR
AG m whe575 T Log K

A w whe 576 % 1973 x( 24820)
3.700%;

AG’ o Qﬁghﬁﬁ Chlise
L7009

Tron thio the frec onergy formstion of o aole of G”i 7@
]
fo vbtoined Ly subtracting thu freo enorgy of formation of Iy oo

follovss

P ign ; o ¢ 4,
Grl_“?a * H%:'i L7 Or + 1D AGypnae; ® 25,455 coloe

Hp » f 0y T B0 Alypggeg ™ *H2660 calo
- £ 1 — O AG .. 8 »50,115 cole
a7 Cr » ) Qﬂ — Qx-lt 7 l’?@@ﬁﬁ » .



1Gh,

Prow the consistenoy of dhe presont yogults, the
aguilibriun with chronous oxlde aoy be couskdered posoiblos
Chroong orlds hes becn acld (355 315 30 o ko abebla ot high
tempesaturas and o disproportiotote st lovop tonperaturas o forn
chwonie cxido, end chrondun neteds  dlan fpon bhe provious
Lnvsotigations on Pe-Cred. gyoten, ib has beosn sugsoeted that thoefo

For ooupericch the present rosulto ot A700°% are
fupther shoun o Pig (203 eloog with the evailablo dabe ok

163090, The presuits eve shown as Loy i:»lgz,i%v’pﬁi{ ¢ Log Koz plob,

% con be gesn fron Fige (£0) that iu the range
17 . . ‘ v
O o~ v cheomiubg the renulis of i*«imr}.tm( &3) s Chon & uhipmw(“aa)
e I
and bineoiueki and Smw&ﬂ(gl’ ‘@1l show & sleps of % Lodionting
ghob 0 thio renge equilibriws with clewnbte 1o ootablished ond
tha Zelloewlog eouilibadun pesotion will dotwening the oxperimental
nondiiionm:
33‘&{3,.63:2{3;{3 e i&‘ig — 450 ¢ O o Ee
’ 1, i
O - g E}EL«,{} ;"\r‘ N (Qﬂzp)&
Fag
log K= 4 dog pi,0 « 21log e
I A G
g
log g0 o =% log NOy
plip
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foom 3 o« 260 chradon hiocoiookd ond {:?iazmrm{ﬁl)

vesulis show & slope off -'-ﬁ indicnting equilibirium with ohromic
:j .
omides  Tholy results on tho other houd give much bigher volues

for sonilibeiun ohvondun oonoenbrationn ss coupared with the dota

{2 2 ,
,#0) ong mwxvlism‘(%‘ﬁ )..- Fhe reliebility of

30

of Chou & Chizman
Linozinell  and Sumerin® resultes Lo vory mach donbted,

The experimaods were cevrlad ont in clucdva oracibles and dho
agullibrive wog Shouphd o hove beso slbalted ag soon of an

orlde layor sppoadad on top of the mold,  Mhis wy not nocosporily
ba truw bacouse Lt night have beou becessery $0 oxidiss considerable
gmounis of ohronium Lefore frue equiliboium could bo abtalnods

Algo the plope of ﬁhaix'“m) curvae is reversed boyond sbout

1G5 ohronlam, which is very confusing abd opposite §n vhat ohould
bo oxpected, ‘L%fuﬁk«'wgﬁn'swﬂ) data covere only o viu:*y rostrictad
chroniws venge,  His presulte in the range 6 - 124 ehronium vere

veprosented by o line having o slope of «2 Indicabioyg thod
3

Cmﬁrg% aguilibrin wiil conforam o the expurimontal couditions,
Hig poswlin glvo lower veluss for eguilibrive chroniun concontrations
than thoso of othur ﬁ.nvwsﬂi.gawrﬁwg’ 25}.
“ho siope of Chen & Chipnen®®%? curva in the vange
3 ~ 10% chronium showed o continous change, indiceting voplacenent

of ivon o chrouite ty chroniuns Toyond 107 chroniun tho slopo



106,

[

X 2
of thio curve i opprosimetcly <k, fthus govecoponding to
et nxide phess of the gwopesiticn "Cp0%. I tho opdglinal

(#0)

poper Gha slops of Chen end Chipunen's curve 30 the raoge

A0 » Q2L Op wes shown o «ﬁ. in Paot this wan oo exterppoletion
"ﬁ .
from the Lover yosults end the owrve 044 not sebually roprosent
e oxpordacudicd poiotne It ney slse e polbled oud thet Chen
end e:;mpmn‘:m) hod only theee exporimentel vesults in the ronge
10 - 220 Qs Two of thoee did not show any chouge in chromium
contont duriug the oxporiments and thus they evo doublicd to be
agallibrion veluess  Chen and Chipments experiments lested only
Lor p mixluem of € hras  This wight vot be otoough tlne at low
orgpeh prassares fop & dolootable movomend for the atbainment of
oc;ailibri.uu:f The followibg equation shoun ot spproxiuotc chenge
ona eould expeet o two bours expopinont using s pes amixture with

a Lou particl pigosure of ORyEONs Gele

Plow reto = 159 mil/min.
Lgu ;}!:1253 # 20 meie

jmration of axporiment = 2 hros
Stmospheric proosurs = 760 meny
Totol B0 panoed inte the fupueoe will ho
150 x 220 % 10
760 22l

& wolas
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= 2G0000 * 36 x 20, g of Or
760 = 22490 L&

= 0-366 g Chromi.un} . .
“hin ohowo p chebge of Le &S Wit chwonivm in o 30 g

chovges &8 Low o glvon ohroulun content equilibeivm plin0
Ao S

By
corronponds fm-{;‘%i‘g@ 2 9 telie while $hod actually belog uned ie

10 meme oly, ONO tnth of the oxypon wiill be gweileblo for
ogddabion, Under these conditions only 0.1855% Cr would be
oxidiaed in o 2 hre exporiucnt,

Luoter when ﬁhlg_)man{ £9) rovicued bhim ﬁ?ﬁ!';'iﬂﬁ(gﬁ) 9 ¢ho
Light of tha inveptigobion ol Hildy, Porgong -and Fodkiaonsi0) on
the oxide phagos o Peslr alloye, it won sonsidersd that tha slope
was otecper then “%« ond it corresponds %0 o 20lid pheso of
ganposition {32*5(53},# Bab 46 ves fMrther suggentad they in the
Ce‘x:*ﬁﬂ,* ronge the deba vould be bekter served by o liue of steoper
plopa Gepe ONG oovrosponding o Gl

B the eouilibpiom ostablished ves thed betwedn
chvimons-oxlde and chrominn, thet the following roeotion

Ord & W, =2 I?i%i‘} v Op

and equotion

Bow );31"52 O e B
KL
e

will qondevn 0 the azperimential oouditions.



3,98&

ﬁhm%tm‘n‘aﬁ) yesudba in the rangs 3 ~ 7
chvouium showr o faixdy ropdd change in the slope vhich wos
oxplaltod ag bakng due o & continos cheoge Mo conposidion of
ho vxide phese in sguiliberium with Fe-lred oyston. From

{9y
7« 1005 obroalom Exiﬂkwg}

rosvdte show o slopa of =L and from
i0 « 245 Cr 4o 8 alope of » 1.5,  Chevliéon's originel curvo
in the retige 10 « 24 Cr vorresponds to a clope of «L,  Thin
in boged on few oxparinentel pointe with gistilled wator i
thae solurators os a ooured of valivr vepours Wb wost of hia
arporimented poiods o thie range with lishiwm ckdoride solubtion
ap o spoaros ol woater vaponr ard best sorvad by n 8lopc off «le5,
Thio 36 40 vory good agreement with tha presant wwrlk ot 17009
on avidoncod Lo Fige{20).

Phe Leae ousway of fornetlon of tha oxids hoviog
1. 5‘:3 ot ke walml%m Prom Ghavlbon! f;swf’)
waguits (10 « B} o6 16009 g8 Lolove

& ooaposition of On

5‘:?1” ﬁi) . ﬁﬁ = ﬁ&aﬂ w Lo Op
E ow pil0 ‘:'N{*:;;s }3‘&5

N G

Biig

Wz K m log pHgd o+ Ja5 Log iy,

N

piin
IJog & o 2aY
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AG = NI E
v 4575 T log &

£ »hgﬁfﬁ - 3.573 = wﬁ?.fﬁ

A(}g}ﬁ{x}q} 5 EhydBl coloe

Alre00% por the Pormation of n mole of (Sr&n ,;3@ widl, bes
Gx‘lqﬁa @ H;‘:: = %oy w iiri
Al1eo0% & hyBHL voloe

B e lny = W€
Hy + §0,= H0

Alygon™ 34,060 oslee

i

1.5 0r 4 09,20n

25 Tl 5Q 4 4;16691;3& o B0, 004 ool
o3P Az ' et e
Cil«fﬁ: v &163{)@@ = =59 K cale,

Thic colevlotlon estunes thet Fe-lr solubiovns obuy
kaoiddts Lovws  Those suboxidss of cheoniwa repressublog oguilibriom
vondibions in the present vork and fhat of Cheelbon's 2 ndght
possibly Lo o ossevialiion wiih nme fzohy thuw givieg o
eonpogibion of the Yypes

(:ﬁfaﬁ,;-:‘.. p

+) 0
oy

3y A
Apoed Pvon tho Jaba of Ohego & ﬂi‘aipsnau("'m and Cherdtont®3)
b 160090 and tho prostod work af L700°% thore sre numerons

veforancon $30 35y 31 38y B5) 1 tho diteretura o the
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sxistonee of cuboxidus of chvonian such ou i’:ﬁrg% and Gl
Hilire Povgong ond ﬁ’zslzcmn(m ) and Adachl ond :‘Emmum( G6)
L tholy sbudies of ozldo ludlaelous in the coolad PeeUp
siloys roportad $ho plepenca of an oxkde pheae heving o
compossitlen of Ge O, 10 oguilibeiun with Uhe notols  Adechi
B .mmmm( 46} hmﬁ reportod that ohponiuvn conbents and oxygen
pobontiold hot pemepkuble iofluence on fhe coudiiution of oxide
Lnolnnhong.

Mhie phoso Qﬂrﬁw!é_) pan the tendetey Yo dleproportionate

kelow the Liguddue go followpie

Bowy 0, = Or e 0

23

Ledive and &axm“’*‘f’) flave repoebted theb eheonium ailde
hehaved Like chromops fon (Gr0) 4n avidio slogs vben the
ehroming eoncotivabion Ln $he cguilibriwn metal was highoy than
3 pots Whan the eﬁwﬁmim rango Lo Whe fronwchrominn 23loy wee
Lovse then 3 not, the orddatiow-roduction yuacdion behvesn
chrembun and dven o tho $wo pheees wes rappencnded by the Lfolloviog
raaeiion:

o(Fed) o+ 3 [on] = (op,0, ) o+ 4 (e)

W

Haely and :“:;czst*m‘lzmi.llwu“é’-) nave reporied o iow

walting Ligudd vhich Vhey foand could be pacdused by hoating either an

gguitoler nisbura of i‘-}xﬂggﬁﬁ P g-}y:,az uhder 2u cbucophvre of



&l Le

hydeogon or heabing o mixduye of flogly divided Orgﬂy Uy oné
3302 held in tungsten crucible under purified ergen in tho
tampovotuve Penge of 1500 - 1600%,  Uhe resoction proguet
viioh conld he yuenched 4o o bine coystslline sateried wac Lonnd

0 ba chromous silionto “i:mq E:"éi.@‘[‘_"'a 16 is seid $9 bhe unptable

ab roon Bomporaturey alues on slew coulieg 1t dispropertioneton

a3 whole or 0 pertd 4o O, 035, Or md & 1@2 a5 {oldowss
&

,-'"}03‘8»}!.0&* —> apﬂrrgi)j' b 20y w2 ssﬂz

N avidence of the exisbance of YOrd® op a puvo cubsbatieo wos
rgportod 1o the sbove Lavestigasicos

The lowey oxdds was obhaloed ab noemal Semperoiure ooly
ig comblaotion with aillicoe lHowever, $hewre hes boon no diyoch
cbhogpvabion of thepe pusnlible oxlde phesos snd theoly oxilstence hes
oply been & aasior of inferendde

in dhoe prosont verk clew, oAl $ho obdempbs b0 Loolate
tho high teuporetye oxidon of chyonium feilsds Those ozides
have bssa suppossd Yo be slable only of bigh touperatures snd if
thoy oxiph will Gisproportionote with docvseno dn tomporature as
Followss

) &= 1 e 63'2@.

3
3 (Pe, %n;x)ssg = Zemela v {iem) gy ¢ (n=x) Op
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Po pvotein the oxide in its origival phene, sevorei
ropid cuenchibg technigues were $ried without eny succoss,
Thogo sxperiventa to atudy the high tomporcture oxides of
chiroming wore corydod out by heoting pollete of pure chvonic
wxddo end pallets of o nixture of chromiun metsl ond chromie
oxide, corvesponding to o composition of "Cpd."  Tho poiletn
woro hoatod in molybdenum: cruoibles at 1700% undor differcnt

HoO

wmes  ¥O03O8e  These H20 raetion an glven in Reble (10) hed
Hg Hg

low oxypan potontlole,

20ELE (30)
Pullet M Pemperature  Duration of %;}uenehgmg
1os - ol ‘*"Q‘ ) he‘atinge Hvae tee&mhpef
0»203 0. 007 1700 e Furtpge quetchod
‘31‘21’35 +» Op f b t ©
org0, 0,02 n : u
Gx'gﬁ}f, + Oy i ’ 0 u
Cry0,, 0.00365  © u o
01:993 + Up 000365 M " ®
ﬁrgaﬁ 0.003565 ¢ | " 150 ¢uonched,

AL attenpts to isolate "Cr0Y faoiled bubt some fusion
of the wixtures wes noticeds Hicroscopic exembnation of the

polishad guenched gpeciunons snd X-coy diffvoaction pioctures
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shovad in oll cenes, She presauce of motellic chromiun and
chvonle exides  Aloo thore vas uo indicutlon of suy volellilo
oxhde of chromiume  Bydeozed pasged ovor puro chromie oxide
ot 2550% in o Oifforont set of esporimonts 014 not give oy
condansate An an exporimont of 4 hve duration,

Siniler yrosults hove Leon yoported by L. 0lshoneldl

and Shikopovi€7) 10 their study off the oyaten CrmGge0

Thﬁir(a?) caperinentel fovestigation on the pysten ﬂruﬁraﬁﬁ
nierded with the ettcmplied syothepis of Gro, Plrst thay tricd tho
poasibility of Lfoxming Grd ty the rodoction of ﬁr203 with

hydeogon.  xporiments were carriod oub in o molybddnwi

furbnoce 06 1470 = 1680% for 15 - 180 winos Hiorooeopie
pnvestipetion of the wator guenchod oempleschowed that iv 0l

the oxperinonts, thoe roduction led do tho Poaraption of wotellic
chroniume  Bub all sheso uuanccossiul attomnpte to propeva

solid chvomous oxide could aot sottlo the question of Ghis

phage undor gquilibriva conditiono, Tth‘57J Lound the

eusectlic temporiture by otudying the moléing point of pollots of
vordous conpositions praporad {rom sixiures of Grﬁﬂg and

wotallic chroniun and heoted in argone One outcetic polnt io
roported to ba  at 1660% ana cpproximebely 20, chromium, ALl

othor coOnpositions ere reporied 4o hevo higher wolting poindos



Olehanahi & ﬁ%tz:i.a;;am(ﬁ?) cheolted the composition of outoctic
melty fualopne by hoatitg tn ab egon etimosphors in aokellic
cloronfun crucikbiles ab tomporabures 200 obova tho entuohios
&.“&aeg)’ﬁﬁ?) golaed Fhe arueibies in the furasco end enelyuwod tholy
cutitontn by obemicel and nlevescople fochndgices ho
conposkbions foand v thely experinsudso vwere peported to bo
olone to the eompouibion of eutuchic mizbure Lound i theoly
prefinluoey osporinentss  The compesiiéion of eubcotlo Liquid
in ropested do Wrvery ckoso $o Ghe gross compoalbion of chivomous
eukdo “ORGY,

Okohanskl, aud &f‘;m:‘sgw(w) hove cunotrnokod tho pheso
dhogren of tho oystom Wﬂi}r@}ﬁ Pig (#3}, chorootorised by
tha conpldereble Tovering of the molilng poiut of chromium in
the prosoncy of 15 megﬁ‘)ﬁ, o wide niocibiiily gop fron {I-755
Orols) in tha liquid phoss epd the euboctie ot L6E0Y; ana 205 O

Frop the binspy Gpe 'gﬁ} 5 mouliionsd above Pig (21)
L in ogen that cbove the enleotie fomporatuve of 166090, tho
@ potlo dn She oxide phosd inorosses with inereosling touporaturc,
gi’m gams drond Lo cheeread from the binexy aystam LE’M’*%{:E showh
in Big (1) vhere L% 4o shown thet abuve 1528% thae oxido phoso

iy equilibedom with $ho moteld will hove o Zg retio mord theo le
0



et i -

2400 , , y :

Il
4
i
2200/- - A
2000(- - —
. 1900 Two Liquids . \ Cr.0
b Mecr s Liguid 610° 203
|‘ } 8 BIO l + _
1800~ Liquid | -
Cr + Liquid
1660°
1600 |~ Cr+ Cry0, ' il B
1 - : i —d

ce . 20 40 60 80 o, -

FIG2I THE CHROMIUM~-OXYGEN PHASE

DIAGRAM
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Fron those two bigerios re GreGr Qg anﬁ:@mewﬁgﬂﬁg o possible
yornery phooe dlegrem oot bo constvuciod for Fe-Ui-G gyoten
af high tcoporaturogs Sucll o tonSativo diggren is shown io
Fipe{22) vlong with threo bineries, Fanﬁeaﬂﬁ, FosCr, 0r~6r263.
Tho rogions of difforent pheees cvre shoun in this fovnery dioprom
e followhi

in thoe £ield AB, Pe-~lr, ic a Liguid oobal soluation
off FoeGr«l olloye Lo tho phasoe ficld A,H,0,0, lo tho roglon
o & Liguids Leo0e liguic motol end liguid oxidees  Yhe

£ield Culiy8,F, oonsists of o Liguid oxide phepes BWVa Fcﬁﬁﬁw 0?393

i tho photo rogion compricing of wolld oxide and liquld oxides
Thio torneory diegrem chows tho general pictnea of

metellic phosos ond oxide phoses vhich ore in oguilibriun uith

onch ovhor, bat the connodes oo uob khown lsge tho oxeob chomicel
gomponition of the oxide Lo oguilibrium with $he wotel is uwob knovn,
Mt &1 Lo probebly o Foe-Ox oxides  Assunlbg thot the FoueUrh ligaid
solution o idoaly tho Feb concontretions oop bo celculeted from
tho aguilibeivm equation oo fellouss

ol 1, = B i A | 409
i 4) 4 ﬁ}}! — ) 36 * B @170{}96 = 2,505 coles

Ag = Bt In K

AG = «La575 T dog K
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AG w o« 1303 (i JAids

Worpiam

Lo 515 = 2913

log K = «0,144
K & 0u716

K = ;3112{} oi'e
N : » y .
Pl B a0

how gl o We
pilg Hireo
Nl = pﬁﬁﬂ i ﬁf@a

phip K

Uslng thio ralotion, N'eV coryecponding o variocun
Cr goucontrabtlions snd @Hr%c et 1700% (from Fig (26) vers

phly
coloulatods  Theoe voluos ore given iv Toble {(11).

ey Nex ;:ﬁizﬁ NiveD
1e 04160 Ga 339 0035 Qe Ol
2o Qe 199 Qs £0L 0,025 0e02
Je Qu 5 0. 755 Qu0L7 (s 025
N Qe 319 Q4 65, Oa ), 08 95

S Oy Ve (e Q075 0.0063
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Ihese resulbs sve shown graphicelly Ao Fig.(23)

At L700%C, ke composiiion of the wetel (FewCp-0)
wiid Lic on the line GH and that of the liquid oxide on the
1in0 17 4n Flge {22)s Under similer conditions the position of
thase lines will be sliphtly different ab L6009, ror osch
O eoncentrations in the motol thers will be & unique
aquilibrium compeosition of oxide phese snd oxypen potiondicl
Lor a given touperelures This suggents thet oquilibriun is
not ostablished with Grgly but with a 1iquid ironechromium
oxidos  Tho eguilibriny coald be reprasented eo Lollowsse

(o, m‘mﬁ)nﬁ +*H, = 0,0 + 0w 24 Fo s (0ex) Op

K = w » (G{,}‘r) (mx}p ‘aig) (x)
Blg  (eylry 0

‘The oxide (Fe,Crp..) n@ will have o vorieble conposition
ia whieh Sha retio of ,(%5 will inecroese with lunorecsing chiwomiun
congentrations in the }:;1:13&1 and with Jdeareasing oxypen potendial,

hosunlog the licudd cxide to ba o solntion of fayveous
unide ond echyonous oxide (both oxides will probebly bo non

stoiclipnotrico) theu the cguilibrium could be writtens

——

G0 « Hy = Or % B0

Fed « Hy = e + HQ
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for which

B o= pHO s ope
{luﬁ ﬁF &)

L = %ﬁ P iﬁ!‘.
)

caculationy based onp thae fived roeetion would indicote

o Jow pebivity of Lorvous oxidoe in the oxida pheses. Fox

shuplloy of 15765 Or the el in tho equilibrium oxide phene

would bo about Q.04 while in one containing 30,28 Cr 1% would

ke about 0.Q095 ot 170070,

From the celevistions beged on tho oxido op on
idonl splution, the Cr/Fo pablo i the oxide would be high.
do n Piveb approxination ot higher Cr contents 14 wonld bhe
cunsidered s slmost ontirely chromium, oxide.  Agsuniog {roa
tho data of Olshencld end Bhlepovi™) thet tho aquilibrium
composition of the oxide is a\p}:@rmimaﬁ:;ly "Ox0" et 17000C,

?ﬁp freo enorgy of Popmetion of the wx%ﬁa can Lo celoeuloted
fémm tho aguilibrivm, ‘

oe0 ¢ Hg = g0 o« or

A -

Eow pll0a egp
SRR
et

&

pi,0 o fow
A

pﬁa
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log & = dog pfi,0 + log Nor
PRy

Peking o point on the 1ine in Pig (19).
W K 5 wleBZ & (=0s75)
g B w «0:87
AGY  n «BTln K

AGR o =beOT5 % 1973 x{~2.27)

70520
AGP m 20,490 colo,
1700°%
Ox0 + Hy = 1,0 + Op Blyggg = Z0nhI0 eola,
Hy 307 10 A&WDD v w3697 0oloe
_ ot ——rrorOuebomhre b S nsbom srretoinont
r e 4y 4
Or + 40, = Cx0 AG1200% = =53,167 colse

w «55 I gnlce
Galeulation yiclds a freo shoavpy of formution ot
l?@iﬁslsaf 8% K calos  This ooleuletion §o boped en Fe«Cr olloyo
ot 1700% obeying Newdlt's Lowe  The Odka 4o Fige (19) vheroe
tha gradlent:of the log ﬁ{;ﬁ v log NOp plol Lo lope thon

By
nanus oasy sugeests et 40 the oxido composition is approsimetoly

"0pd" thon there uould be b positive-devietion from 10uelity
in the liquld Peelr oyotom, |



ey

No thermeld dele is availeble oh the Lreo
enoxyy of formebion of “Cpl% it ammm‘iaaa of ¢ poasible
volua mighité Lo dedeusd fron othor Ookos  Thore B thermodynenic
dobe Fox Galip, ﬁrﬁig-&ﬂ& Grlip, whers G bas the sems valongy oo
Loy Grdy  Zu the perloiic table horisontal rolatlonship eniols
betweon the &lﬂmﬂﬁﬁﬂ4ﬂi, Yy Cr, 3u, Qn, Cd oud Nise In addition
o tho opbical oimilovities, b Lo Downd thob hoelzonbol
piailopifics oxist Lor oordoin group of olenoatiss  Thin ig
partionlerly prenounced for tho Lenbhunido eleaento but it in
alen cuita ifampordant in the Yrensition slencbis. The olensnto
i tho Srensition Clags show sbviking rocentlencs o dach obhor,
parbicularly io theiw physical properdiess Whe oxldatlon stetos
e Yory tunoroas and compounds are highly coloureds

Floto of hoats of formebion (:&mﬂﬁﬂgﬁ ) and fyree
anorpion of formetion (AG) for the holideo and oxidos of tho
teanniblon notols, Tiy Vs Oy iin, Fo, Co ebd Hi,; aro shous Lo
Pig (A4) and Pig (25) respectively on o funotion of thoir abonlie
numbers,  The 4G for tho oxidos ro plotbed at 1973% (1700%),
for tho plucridon ot lﬁﬂﬁaﬁ end for the chlerides ond bronidos st
L000YK,  Thone plots show thet the Mn compeunds oro the odd oneo
in thosa gerios while the clwoniun holides £it into the genoral

pottorn, A1l tho metels exoupt Or heve doto for oxides in vhich
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Leke

tho motol in divelonts  Some of which are only stabla o
ciovatod Senperaturess I¥ the chemionl pelationship holds one
wizht oxpoet ohyoniun to heve b lowor oxide “Op0%, enid Lron
Rige (2) wnd (£5)) the SlHpgpy, abd Aal??ﬁui{ wetd bo
approxinatoly «Gkic cols gt ”ﬁﬁkknlaa e veduo afxﬁﬂlg73qﬁ
® 53 k eole Lfor Urdy oeloanlated from the present vesulto,

Thig supvey of the experinentsl dalo ob the frovw
chronfun oxypen cquilibriun loads o the conclusion thot the
oxldo phose in ogurilibrion with she liquid elloyo is vot ﬁr2ﬂ3
it o lovor oxlde of clwoniwn with oo epproximete conpopition
(s Cr}0s  YWho ratio of ,gg depends on the composition uf the
alioy hub will boe prodoniononily Cr and far vhe olloys atudied
in ho pyepont doventigation Lt con bo popuwnad o be olaont
anbively o chwondum oxides  The fee anavgy of Loymation of the
oxide ie of the order of Y0 to 55 k aolue The Jdotn suggoat thet
thare is o positive doviction {ron igeallity in dhe lioquld Pee-Cr
olloys but the aoghitudo o the deviation counot ba enlouletod
unlosn wgliable dodio for tha fyoo onorgy of Lornasion of the

oxido vap aveiloeblo,



idi,

131) ﬁkﬂilOﬁiLm& OF BESULIS B0 THE IHECARTIHIBALION O

Vhen decarbuxizing chronhun pieels o prootical
Laowdedpe of the sguilibriun caphon contents goprsspondisg o
atiy particuler chwoniun concentrations i cseontisl to
aininioe the chycnlum Losses Yo the ology  Dosnds & Richorgaon(36)
have Pound the mﬂlammn tuaan ¢avhol condants and pffﬁ rofitos

plOn
iu Je-lr elloys ab J divforent chroniva couconiyabionn and

et bowpuratures of 1500, 1660 and 1760%, Fean 4heso voliuoo

the egquilibeiun wolublion betwosn ¢ contents and p*C0  has been
: A
plls
antinetod of 1600%C and 1700%C ot different chromium contonbo,
This 1o shoun ko Pig (264)
Yoan the prosens posulte at 1700% eud Lfroa Chord.bon ol 25)

resulin ot 1600%, 200 retive ware celouleted ob 5 Osfferent

w00, P

ahwonivn concentiretions s £ollows.
Keowing the abandord freo cuorpy of forustion Lop
$ho roactions
Hy « f@@g = Higd
which 48 AG . & «32,607 calo (¥1liot & Gloisoer)
L7007
K & gl

Heshory

yﬁg@ﬁi’}g
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12%,

1o oplonlatods
AGY & WRT 3o K

a heBY5 u IS w dog X

gl s A6 w G2,697
L5575 = 1973 G026 175

log K o JeG2
QN V- R T
Phon from the presont xosulbs sl L700% tukiug
ey pelud fron the plob plgQ/pHy v ¥or Fig (18) osge

by w 156765 0P e 0WL68
Pho pergiol prassure of oxygon in oguilibrium with
the abovo pElgd/plly and Cr coicontrations wen cslouleted Lron
the waguiilbriun equabion:

K s @0 »

X
P = plpd e 4

& Q030 3
hadb9 % 209

% 6,30 » 1076



L2,

Also fron the steoderd Cran onorgy of foruation
For fhoe reoabions
OO % %&r ﬁ- ma
Dy won%s ~264 Tl eolo {Hlkiot & Gloisax)
T = plin

B ;

pClepH0,

K gon be cnlemdated
AL = =RELGK
= «haBf% x 2975 log &
log Kow w DG s 86,74
he 875 x X973 BORCWNTS

1o K m 296
K = De38 x 20°
oy . , A 28w %‘ -i,{r ﬁf LN N
Tma koowivg the velues of X pnd g.»ug, $ho patlo pllp/pbd 4e
enletotod fyvom the eoquiliberion goantions

aaan ‘3 !
1Ce z;ﬁf;}g
o0 w
P

g G2 m 20% x O,3y x 2076

292 & 7405 x 4070
Ly



L
A tho perticl pressure of p 0, ie vory snall, thercforo:
pllg & pl0 5 1 otme
pﬁﬂ = l o @{‘}{JE

{:';w . y
Sl w ne6p 5 207
P
.,,
g;l}‘i}g @ P05 % 5&@*’}) % plo

o (Feb ¥ 1079) 1 (1 - 00
w7065 m A0 - a6 w2073 5 po0g

plitly o+ P05 » 207 I philty w w65 10D
piog {1 « 7465 w 20™%) & 7,65 w 202
#0g » I ‘ﬂrg o Z"f}”'?_

3« 765 % 1079

Thie given o very smell velug of pCo, ond therefore
in the above sguilibiclun reaxtlon OO pressure gon b tokon o
opproxlucndoly 1 obua

Phus pﬁﬂg = T 6}3 ® 1{)"’-3
Pl = &

Enowiog the values of pl0n end pOly the ratino Eic.fi
Wl

oo ko galounlabads

o
PO

phg 7065 2 309
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0 .
RO = 1I0s7
phlg

Aleo tho sotiivity of © ¢un bo dolouwlodod from the rocotions
G e G0y = 202
Blyao09c » =00,07) colo (HlLiob & Claiuek)
A & 2 IDR

op . = p BG,
Lo 557 2w AOTH

26,679
D026 LT

2

Tog K & 2896
Yehed 3 0

5#3% . O

#
?.

Ogde m Y = '

7665 3 1073 g,

D.uﬁ;n': L
' Si = ;}.('3*3 9*13 b 102 ?’%‘Jﬁ
23 = Qb

Bimdlendy Svon Cherlbon? (83 resulla of LOOOOG
lﬁ%@ﬁmiﬁ B9l By wepo caleunliobod foru gifferont chwonlum

oohgandrationn.  Them by Aoteppolabion 4o 4ho roguived ohronlum



conconbrabionn &% 1700% and 16009 frem Mig {(26), the ¢

concantyations which oxe in eouilibyius vidh porticuler 9206/9@03

reiion vwero ondaileted,

Thoese velues which vere calelantod

“ . - f
feom tho presont resulbs ob L0070 and Cherlton” m(““}) detio ot

1600% are given in Table 12,

”ﬂﬁg@ w .

?gn@mxﬁwa f@ | 1%3 dw‘é? . oG
1600 G55t e Do Oul7
u KR G Oedi?S 0s 26
B 16497 255 Dt Ouly
4 208 32 300 2,0 08 56
W 2548 &1 Lo 35 e 73
1705 1576 130 e 3 Qs s
" 1872 103 Ouli Qa0
§ 2 P 1 269 Ou? 0089
“ 30a 85 hié Lo 2 Qe 50
@ e 26 GL0 2 0OE5 0467

in Pig (27) corbou contcw

of the chroniua contont ot L6009 pug 1700% e

avae shown s $he fanction

Tho awrve ohomh

Lowr LO00Y hoo beon oxtiepoleted from the yooultn ot 1600% ang

L7009z, on the baoio of o straight Liue for the log Mox/eg v r 1 plote

POy
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