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At the commencement of the research work reported
here, disagreement existed in the published literature between
values of the thermodynamic activity of silica in slags
determined by different workers. Activity values obtained
through direct pressure measurements on reaction (1),

Si0z(g5104)* 3C(gr) = S10(g) * 200(g) (1)
differed in magnitude by 4 + 1 from the silica activities obtained
through a distribution study of the silicon/silica ratio in
reaction (2) at 1600°C for graphite saturated iron.

8102 (glag) * 20 = Si(yn pe) * A0(1pgy)  (R)
Activity values derived from the data on reaction (R) depend upon
a reliable knowledge of the activity of silicon in carbon saturated
iron. Values of the activity of silicon in both binary and
ternary iron silicon and iron cerbon silicon solutions had been
previously obtained from a study of the distribution of silicon
between immiscible liquid silver and iron solutions. In view
of the disagreement on the silica activities and because of
certain discrepancises in the conversion of the latter silicon
distribution ratios to their corresponding silicon activity
values in ths iron solutions, the present research work was

undsrtaken.
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The distribution of silicon between ligquid iron and silver
has been redetermined at 1570°C, and extended to lower mole
fractions of silicon in iron than had been hitherto obtained.

To make this work possible an accurate method for the chemical
analysis of silicon in silver at very low concentrations was
required. No method could be found in the literature, hence a
large part of the present work consisted of developing a reliable
technique for this analysis. Two methods were found both
involving the photometrie measurement of silicon as the yellow-
green silicomolybdate complex in acid solution, and each provided

a ugeful check on the other.

The extension of the distribution measurements in the
binary soclutions to lowar concentrations of silicon enabled data
in the ternary iron carbon silicon solutions to be extended to
higher carbon concentrations. Distribution measurements on thse
ternary system were therefore made at 1500°C with high carbon
concentrations. When adjustment is made for temperature, the
present experimental data agree well with the results of the
gearlier workers.

Calculation of gilicon activities in iron solutions
from the distribution data requires a knowledge of the activity
of silicon in silver solutions about which there was some

uncertainty. A reliable value for the latter was obtained



3.

from a study of the solubility in silver solution in equilibrium
with silicon carbide at 1450°C and 1500°C. Reaction (3) gowerns
this equilibrium.

S0) * Oy = 80 )

The activity coefficient of silicon in silver solutions was
calculated from the solubility data of the present work and from

the published data on the free energy change accompanying reaction
(3). Silicon in silver solutions has been shown to obey Henry's
Law at the low concentrations of this study, and this permits

the presently derived activity coefficient to be used in calculating
silicon activities in the iron solutions from the distribution

data. Since ¢arbon is insoluble in liquid silver the same
procedure was used to obtain values of the activity of silicon

in the ternary solutions at 1500°C.

The recently revised value of the free energy of formation
of gilica has been used along with the published thermodynamic
date on carbon monoxide and for reaction (1) to establish the
free energy equation for reaction (3).

Publsihed data on iron carbon silicon solutions in
equilibrium with silicon carbide have been employed in calculating
silicon activities in the binary solutions and these are shown
to be in good agreement with those derived from the present

results.
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The revised value for the free energy of silicon has
been used to recalculate the equilibrium constant in reaction
(2) and this has been employed along with the present silicon
activity valuss to recalculate silica activities from the
previous data on reaction (2).

The silica activities derived from the data on this
reaction are now shown to be in good agreement with those

obtained from the data on reaction (1).
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The measmuement of the thormodynamie activities of
components discelved in liquid dron and slage uk Iron and steed-
moking bemporatures lends to a botter understandlng of, and more
control over, bthe renctions which ocour in the manufacture of
iron and stoeel. Unfortunnteldy, errors of neasursnent can
appaar In the published Iitexnture, and heesuse of the intorrelated
noture of bhormodyncmic dule can gidve rise ® major diserepancies
snmonged Ghe results of differont investlgators purperting to
mensure bhe some thermodynomle guantitien.

it the comnencomontd of this resenrch, values of the
activity of silien in limg-silica and limeepluminaesilica slags
caloulated from the experimontal datn of wvarious inwsetigators
showed sordous disaprecmant well outwiih the range of experimental
errore  In particuler, ths rosullp of Balrd and 'I'aylori » dater
gonfiirmod and eztended by Koy and i’ay:!.cra, aund those of langenberg
sndd Ghipmnauﬁm continued and exnbended enrller worlk of fulton and
Ghipmn*, differed by aporogimately 4 » 1 in magnitude, although
thedr sobivity composition curyes showsd excellent asreement in
ghapes  Both sets of (nta were consistent within thomoglves bub
tha resuldo of Kay and T&y)maab the lowor end of thely high
254Gy ronge ovarlapped sufficlently with those of Langenberg



and Ghipmxan y Who vorked ot low 8550, veluss, to show the larpge
difforence hatwoen the two wsels of datne Sianbongl and éGmorf;
also coleuloted siliea ceblvitien by dulermining thoe roversible
Betl¥e valuou in a double cell and, allowlny for tamperature,

-]
thelr dola agreed well wlth the rosults of Koy and Yoylor .

These Jotber wvorkers masswrad silicn activitics in
limewaluminn~oilics slags ab 14507C, 15G0YC and 1550YC through
the equilibrium prespure for the renctionew

S9i0e + X = BIC o+ 20 cereeacronenses(d)
The vodug for ths free enorgy of formation of silicon ecarbide
was aleo ealeulnted for tho resction (1) with pure oilicas Thio
was derdved from the free cnerpgy change obtained for the above
ranction combined with the wnlusy for enrbon monoxidca and the
acesptad value fox siliwﬁ( quarw). Hoet capaelty clata?for
sillicon earbide taken with the above free envrpgy value wees then
used to caleulata }10(298- 16%) =~ 8,700 mﬁm
The heat off formation of ” olllicon enrbide from eryotinliing
silicon and graphite was reported by Humphrey, Tadd, Coughlin,
fateli] Kinga to be « 13,400 & 920 cals/mole. This wvalue wac leos

o
nogabive thon the value obtnined by irowart, Do Marls and Inghran ,

wsing a mass spectroscope tochnique, by approxlmately & K.cenle..

10 1
Ghipman suggested thot in bhe work of Befrd and Taylor on

3.

reaction (1), during the high tomperaturs evacuntion of thedr renction

tube, soms sllicon wag produced accordlug to the reactiom~



510s(g) * B(pe) = Si() + R0
which condennad in the Loolde b Lhe Labe, 2o Shet thoe nevsured
presaurel worg nob Lrus equiliie lum pressuros £ox reaction (L)e
Ruy and ‘.{'a;:f.ﬁ:e“ oiluwinabod bhis possibility by & mwadifled
experdnmental exropganent, sud conditned Dedrd and Doylovt s
L ;z..g;w:z, roerulbie

* 3

fuluon and Chipmas and lober Lavgenberg and Chipzon
obbained values for the aobivity of ilien In linmuwoiwninowsilica
plage feen shwdles of the equidibrium coneoatrobions of silicon

and ollien in Llonid from and elag bheovgh the revcbious
' *

Hl(an odag) * ®0(p) = B (n oro) T P00 apn) ot 1600%Ceeeas.(R)

—r

Thodr methed congldebad of hringing cerbos satunabtud Ligald ivou
inho equidibviam with the siag, held ob bemporature under carhon
monoxide gop ot ono ebnogphore propaure.

Uodor thess condibiong, & _ N
e thoen oondibionsy Bgifesye = Ke

Yo

whore ¥y repiosents tha ecuilibrium constenmt for roaction (2).

They then usaed the accapted velues for tho fres engrygies of
formation of silica and corbon monoxide nnd the activity coefficient
of allicon in carbon saturated, ilquid iron sclubion, to csleulate

8540, in the elape through Kae H4lien activitdes In alegs

81 ds weed o dovebe eolublon of silloon in Riquld frone  Some

notmbion will aise be usad for othor soluboz.
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derived in thic mannep thug depend upon a rolisble knowlodga of
+he sotivity coofficlent of silicon disgolved dn liquid iron

ad drovecarbon sclubionsg.

24

Chdpman, lulton, Gokeen and Caskey obtained walues
for the aotivity cocfficlont of pilicon in these sdlubions
from the resulis of their sbudy of tho dlstribution of gilicon
vatwean tho tuwo lunlecible solvonts, liguld dvon aud sdivar,
at 1420%C.

At equidibrium, the chomlesol potential or mctivity
of tho silloon dlegolwvod in engh of thono twe lmuiceiblo ldquids
ig the ﬂamm de,nce ab any given Louporatura,
¥g A(r Ap Ag /. e &

. ¥a T .- 8

10{; N(\ X {ai t— ng 4, b’ e ! ond §o dae Lyf\i%]&g =] 103 Xsi logb’ a4

. _Fﬂ ﬁgg 'le!ti,ﬁno-‘(S)
Valwos of 8y, snd 7 ara obbalued by the cliomieal andlyses

of samploo token from each of ths twe pliasess

At vho wvaxy low concontrations of gilicon in allver
resulbing fron the distribubion atudy, it ie rensomable to
acsume that Ienpyte Law io valid, and thore ie experimental
avidenca to support thisw- 3% £ollows therefora bbat in these
exporimante the cotivily cosfficlond of silicon In the silver
loyor 1o conntiante

Fe
A plot of log ’%ﬁ%u agelnst i%i. will furnish the
shape of ths cwrwo of Jog ) é?. againgd "E. g Pub to convert the



Be

tho seslo of lég tf; ,f\:fg to tbe corrasponding log Y g?_ pealas
eibhar the vadus of log b’% or of log a/‘;;g ab some parbioulay
valua of Iﬂéi wusth be deloxnineds

Chipmaa ob :::1”’ ealeulatod valuee of ) ﬁ‘g, ond ) ,g:

?‘ﬁ | 3 k3 y g % 3
at tlgy = 073, from the respoctive Agwild end Feedl phoso disgramss  The

i

valus of Log ) té‘;‘i = Ur3 wans nob concddoved as veldable howovor ns that
calenlated from the eS8 ddagrass 28 folluvws.

4 Llquid solublon of No, = 098 lg in squilibelunm with
pure golid silicon ot 187G, Taking the melbing poiat of
silicon ob 141470 and ite heat of fusion - as 11,400 vale/py olng
those dato glve ng s e84 An bhe ldauid sedublon ob 186790,
Tamperntire adjusbmont wap then wade using the parbdisd oolor
haog of oolutlion of ;sili@mmé.ﬁ Liquid dron giving Kﬁ‘z = (e 10

haog of polutlon of .‘:::‘iiié‘s{;ﬂ"f 3;11‘\ diquid ron giving th,k{ z Qo530

The compesition pange of the dighributivn atudy exbended
from E‘éi'}i = 0035 b G 38 Te bridge the intervol botuwwen this
Yonge and the polad Ngg = 073 an ff&*c":x's*e‘@cfli:s‘iszi.m e made, bosgd on
the sesumption Lthod iam{m /(l - 1“:,; uid A pongbenbs  Ab frxfz 2 (e BH
Whida gave iug,g,zgw = w30, which served be i tho acbiviyy
goefilciont pyalos

Valuss of the vobiviby of pilicon dlosclved in 1iquid lron
soluetions ¢an oleo bo dedorsinsd feom gguilibriun dete and tlus provide
o ¢heel on the above cwewe.  In punpbioulow, dsto on the solubility of

glifcon avd earbon dn Jlgulid lren dn eguilibeiun with gropblio



e

awd pitdoon cavblde, wvere used Yo ¢alceuwdolo the activity of silicon
in tho bimopy Fewbi selution through the fred cnorgy change
nogoppanying the Iformsebicn of willeon carbidae.

535«{]—) - iﬁ(w) ® ﬁi{}(ﬁ) Revtresvesnes (“)

Gldomon ot oY detornined those molubilltiss ower o ronge of
tomperaturas, 1800 - 1890°0, and eaploylng the date of Humphwrey,
Todd, Ooughiin ond hlz‘: for znaotlon (4) eoleulnted &gy in the
warnany colubion at J4R0“C.  Corzeeblon to the binery sclubien,
e the carbon frea solution, wme nnde on the haels bhod

log Y6y = G5l

ure, Xgi ip defined by the yolationse X&ii ki:i. / X Gy

where D ond T relor 40 the binsay ond Yernory sclutione reupocilvely,
ot the como mole fraction of silicons Thus ) gi ropresents the
affgct of covbon on tha acbivity cocificient of pilicon.

imee of ¥ §1 vorg detormined by Chipman eb a&.“ from the
disbribution experizmonts of ndlicon hotween llguid Yeebi-o

solublons aud S-S5 golubionss, Covbon ig :&lma Iosolubles in

piivar g0 b follown fhom tho dofiniticn of [ Si thot ot cquilibeium

for o glven ben c:wﬁ'o'mrew f
%
.’l
l!"!g; Xai b 10 *7 su (i?a'ﬂ&‘ui) e J.Og qmglbn (Fﬁ-s.‘i&.) [T XXEY ] (5)
g

Vaeluoes of log (Iffi //ﬂig) for tho binory solubion sre read off
from the binogy distridution and subbractod from log (m. /



Lrow the PeoeSl disbribublon data ot the g wuole frecbion of
pilicons Thy alffowamag, ;‘x.agb’m can tion be ploblod agalined

thy corpsgponding mdle frachlion of coxbon.

Ghipman oh m} * founa vt the golntilonship bolwsen
dog ¥ gi et §, could bash By oxproseed by Whe lineor sguaidon
KT gi m 8B ﬁfc.r From the poltbility dote of Ghipmon el alm ’
aillicon gavbidy ad graphibe geexlst Ia aguilibeiuom uvith o liquld et
LER0% in which iﬁu = (vO105 and Uhe e W355.  Conbining thio

with the feaa onevgy changa dn thae renction (4) glves o e e Ov 046,

honee ¥ os = 00330, An the torneny solubions  Gozrection bo the
bincry selullon, ag oublinaed abovey glves ?f“i @ (00413 ah ! Ngg= O 385,
Thig poiab wap show %o bo in oxoolleont agrocnent wibh Ube wirve
davrdvad from dhe dietribubion dotoe |

e o furbhoy chack on tho achivity ewyve donlved Lrox
whedley dlsteibublion oxporinonia, Chipmaa ob alm, colondabed n value of
og K a4 feom the dote of GoXesa and Ghipmmf ‘*c:m the silicon-Qxygen
acerilibedua dn Llaqedd feon. They weesurad bhe concendradblons
off oxyeen endg Siklcon In Liquid dron eontained in o silics crucible
wnder o coabrallad staoophore of hydrogen aund valer ab tonporatures
from 3850 ~ 3660%C.  The Lollowivg aguatlione wore used to define

the aquilibrio ovolvad s
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;;E'L‘;’:{;Q) 2% i::;; R & j;? AT GA N WY 2\3}
P - . - N 5 & *
Eri.?.,’kﬁ;;zia} @il 31?:33 = Ejj; ¥z 8 30{5 )t K2 R " {(’*,’

32&{{‘;) B 'ﬁ R igagjigg) . REER TSNS RN {3)

«»;

Thelr veoulis fop rovotdons (7} o (8} Jedioatad eueviiiaeo

sadnbionships bobuwosn the acblvlty coofficfents of ailicon and

o]

oF owyron, and e ollleon coneongeation.  Mogg rocont woyh by

héi &%
iatiobay Gunil and Swvane  ood by PAAGy ol Ohipnon li:m‘;r ahoun
shab bheso ouewlidoser apdoabdonching vere Incorpact and $hat

aguiddhvinn conditdons vore noy sbunined ob concanteations ebovs

S
e pox conb 81 In Ghe work of Gokooen and Ghipman o FRAay
Lo
and Chipten  eupavad Bl Wheeg esds of Gobo aod confirmed the
bY
remudis 9f Hotobse Gundd and Buvans  , esdobllohilyg «lso fzon

Bl Goba ey Flopidis ongd Ohi m.smf s OO W hydrogonswnbor
sadddiy dun wdth Jfgeld dven, the folloulay fyop saerpy oquation
for peneblon {(4)s
30 He owe =@0,000/0 o Jhelg. Lo lﬁii = A20,040 o Blea3?

Whou Uhe stenderd frov ensesy ehnops dor pesebdon {8) A coobined

wilh Wt fov Bl forenddon of silien {(9) and alaw Lov thy
sodubdon of aupasn dn Jven (1(‘33., £8 oguntian {11) 4e obboirzd

el wdedde the Srao onocgy obange wbes Rloudd oiiloon dloroives

f drom b fort the diduke solubion of wdd activity O por cent)i
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&i(L;\ - {}3(3) N f«‘\‘}ﬁg(') YTEYYEYYY (a)
Lh(g) w8 E [f&ﬂ .3.:0’ 3.,’1;3 seaphue (lﬁ)
3§~(L) w2 S {in Tej Cenens (ax)

Conwveredon of dhis frug enexgy aquution for remebion (A1) to o
mele {vagbion bueplo wild then give deg Y é::t as o function of
tonperature. W0 obbodn the Lros eneyrgy ohango in reaction (10)
for tho solubion of wiygen dn llguid Ivon, Ghipmon ob a’.\;m%wk

the avorage of hwo indepandeny sovies of repulbs.
7

Pagtur ood Chipman  doltorminsd the equilibrivm in the
raretion of onygon in ivon with bydwogen gas forming water and
wom vhe known free onorgy of formstlon of water calculoted en

oquablon for the froe enorgy change in (30).
ia

Jarken and Gueey studied bhe reactbion =

GG(&B) » 0 {in Fo, 15} = Ctﬁg(ﬁ) cunpnerate {12)
foon LB » J000°C. From the lmown ;mmmﬁ%f of the cwide
in tho matol bhoy asbabllshad the aguilibedien consbonl and
ghandsrd fxeo enepgy change In {32).  Combining this with the
L;tnm;z‘fﬂ pog guargy of oridation of GO to (0 thay oblainod an
egauntion for the frea onergy ohome in (3.&3). Uping these data,
Chipnon ob eﬂu ohtalnad Lor reachion (31}

i}‘?(“) ws «R0,000 + 5eBAY  glving log 535. 22 wG,I00/T + 1023

Hanca at 1420°G  logy é‘i s =20 40,
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Blyach entyapolation of thy distributlon daba of
Chipmon ob @.3.3“2“ hovevar, would load Lo o much lowsr value of
dog ‘“‘m’ shan Ghoas caleuleted oo from bhe above gquabions.
Slace Ghore is olee no gound theorotleal dochnicue for eolovlalbing
d 303 ¥pi/d Hoa ot infinibe dilution, tho problem of exbonding
the @lgbribubtion curve GO oblaln log X.‘::A baconsy agaantiolly
axpardnoniels The douor pawd of the blasyy curvo aduo agpumes
Lurblicy Jmportanca In e study of tho foynowy Fa-3-G golution
whon high coneanbenblons of cawrbon opo presonbe Govbon nkrezses
bhe cotlviby of sllicon in liquid irvon oviublonss As bhe
goncantpakion af earbon da the ternayy solubion Inorenses,
the ollicon congenbration ab o pone actlvivy decradsac.
Gonsequontly the study of high carbon conconteablons mesns low
silicon concentrablon and to obtaln Xgi Theng mist bo conparad

with the blnaey sysbon of ths gome low mele fyocbions of silicon.

13,

Tho binopy deteibabion doto of Chipmon ob ol only cxtondod
i

dowa to K. , M o180  and tho proposed exbvapolation of the

X

e - o .
cueva 4o Nzy o o= Qb dog ¥, we nob patinfactory over stoh
a lorg Autorval,

o

Purther wncorbodnby oleo oxisted concayning the
catlbrabion of tho dietyliublon cuwrve o the propor log Y gy

sandee  This vag basad po o wxbyopedatlon of ths funetion



R
log }(3_:1 {3 « Fﬁ&i} hobwegn the polnbe M, g ™ G 50 ang K, 5 = (o730

[

Valuas o dog Xi%i,/ (1 - 2‘3“,:}:3..}” eulewdubed feem ole veoswliand

curve howayey were pob consbinbe.

Zha appoarent egreonent bebuacn the fived polot
caleulebed frem She solublllty data of elllcon and earbon in
Jaquid dron dn equilibvriug wibh siifcon corbids ia elso
pislending as b dopends woon the fyas onavgy of fopmabion
¢f olilcon corhido whilch wap nob yelinbly establishode IH
algo deponds on thy functlen Xf‘?fi vhich is in fact culeulnted

frowm the dabo on tho bivevy euwve ibself.

Colenlintion of log c.. Fron equilibeium data on the
silicon~taypon raaction In liquid dxon produced a vaiue for

dog & whiteh coudd nob be reconcilad with the divach

w1
erirupelotion of the distribublon datos

Gongideratdon of thape Loolpsy shows that dn gonoral,
walues of &gy ¢aleulated from the eneve cowld nok be doken as
trusbworthy,until $he abovo uneortainbles and disorepnneles
wowe Ronolvade It wild be vecalled Ghad o lowge discrapancy
exdoted batwoon Lhe actledby valuee of allicn a slags baged
on bhe weels of m_,r and & &ylw. ? aad thoso £rof the pesulis of
Chipmon g 93.:} -
Tho lebtor workors cuslculavaed thelr volues Lyea tholdp

expordmental data on recction ()
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&liq‘} (83.!1{?) ki F e h(gr} -~ éi“ +* 2! b‘-i}(p!' t);tm) [ EXEENR RS N (d}
Hith cavbon monowdde gos ab 1 nbmosphore thoe oquilibyive

K:g we

N ST

conatont In thie revcbion reducees o By = o, .
Wi AV

crlonlatiod Svom Bhe thermodynenle fvoo enovgy doba on pdllea

ond carbon ponoxldos  Voluos @F oy In the grophibe saturoted

_ 22
malte wvore obboined from the distwlibution date of Ghipcnon ot al

Voluop OF gan, voers then endenlodod fpon bholy doata on

sencbion €2).

I6 de cleaw dhat thy wneeortalubien connaotad vlih
ailivon aghivitics coleulatod frem the Alsteribuiion data vould
wolld bo vefloechod dn the pdiien weliviblen and oould provide a
povplble explanciion for the clecreptngy botuweon theen waluas
and those of Koy and ‘i?s}:;:?,mf. I Shorefove wan highly
dasdvable thob the dogn feon whieh oillcon acbiyliblon wore

obtnined shoald o roegmaniagde

Tho puzpune i e presont rosonseh o o redeternlng
the disteibubion dobn fivsily in the bivary ldguid Ivon poluddon
sad to esbond B to bhe Jovest pesglble veluss of My thoreby

porndbling o morae peousabe exirapolatdon to log ¥ 8 The



1%,

tornary distribubion ¢uvvo covdd then boe oxbendod 40 incindas
highor valuoas of dho earbon concgntration comrasponding Lo

the lowent silicon concondenbivas. In calowlaliog the function
Log Kk‘, tho valuss of 1og ¥ g3 in the binaxy FoeSi colublons

world thon b lmewn ob the sppropriate low values of Hyie

£ furbther and Imporbtont purnose of thig mﬁiémmh s
o fix tho zeals of log ¥aa OB 0 more ralialio bapip. Yo this
and, & sbudy wee made of the colubility of sllicon In lignld
silver in oqrdlibrimy with silicon corbide and ‘c.alsa. with silicon
niteddo. The ecbiviby of silicon In the ligeld silver pelution
corlld than bo obbodnegd thraugh the fres onorgy ononge actompanying
thy digsoctiation of both sllicon earblde and silicon nitride.
¥ &%’ eoulld Shus bo obilnined fyom the nmeesvred slllea sclubilivy
volras ond wged o ealibrote tha curve of log ‘; g’ from the
Aletribution datne

had baen provicusly pointed out by Koy and Toylo

theh an exror in the free oncrgy change for pe-cuardz could
account for ths disarepancles in thoe silden coebivity woluos
and In the sgpoclated heet of formatlon of silicon eurbides
Bub in view of the apporeant rvellability of the datn on the heet
off formatlon of elllea, it did not thean scen probable that

thin vep Hho caubde



ilabor, during Lho courso of this yesecorchg this vas
N
aloo poinbed oub by Chipnon who referrod In purbicular to the

en )
Vot be>

work of Ropwéad and Bichardson 4o the Loblowing equiliilein

ﬁi{}g(g) v by (z\) = Gl@(ﬁ) + I i}((d, 3 arbenrny (13 )

By ¢ Silu(e) ® P80 consenses (34)
Thodr dato on bhose gveoabions conbingd with the known froo
onoxyey of formation af Hi,eisw Jends o & valuoe of the froe
engvgy of formntion of pilien which In approximtely fony K enle.
mora nageblve ob I700%K thsn the walugo for 3ily in Coughlin aﬁ
tablose

Thesa obeorvations hove heen contixmod quponInsubtelly
by threg independont yeewdotermlnations of thy hgad ol Lormotion
of oilicn.

R4

Gochrang and Fosbor  caloulotod o wolug of «2lie6
2202 Fonlg, frow elfusion mossurements wadae on vhe rosctlons
bebyesn Tilouid @allium ond querds and ploo gellium and megoesium

wn

onddoss Welle Gz:mfiq meapurod bl heoed of formation of acueous
Sluosilicle neldd dn o rotabing Lombh colordmoter by burning
mizturos of silicon and polyvivylidena fluvoride in wxygon In
the progence of agueows Bi, giving fluosiiicic acld in excesw
0 polubdon. Combindng tho moasured head of bhis renction with

the hoat of golution of silicen in agueous Y goiubion, roporied
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27
by King , gives for the hgat of formablon of silica a value

of =R217+5 & Q5 K cals,

This wvalus is also in close agresment wibtlh thab obbained
by Wise, lMargrave, Feder and Hubbsaz d.nﬁ who measuvred the heats
of the following reacgblons in a fluorine bomb calorimebor.

Si(e) + R = 612&( ) A

Sit},?,( e)® Rl = SviF‘g_.(g) o Oa(g) Al
from which

Si(e) * () = £102( &, ¢) AHp = AH =~ Al

They obtoined AH°paggers = «R17+75 1 0034 Keals/mols

[n]
~

These exparimente conflrmed tho suspicions of Kay and Taylor
e
and Chipman and lead to the rovision of the acedptaed vdlue

foxr the heath of formablon of silica.

The results of Kay and '.Ea;gril.m:ig on reaction (1) for
purs silica, can now

S10; + 830 = 830 4+ 200 sevecrecone (1)
he used in con;]um‘i‘.iqn with the knowm froe energy of formation
of carbon mcv1:10}\;:;»2«:1@ﬁ and the corrected value for silica to give
a reliable wvalus for the free energy of formaition of silicon
carbide. This in turn, permite calevlation of thoe wvdlue of

log 59‘% through the solubllity dataon silicon in liquid silver
152



7.

in gquilibrium  with silicon carbids. Honea, there 1o provided
a rolinble basie fovy calibeobing the owve of log }f i“ff

abtalnod fron the present distvibution exporimsnts. Tho
rodebormined gilicon votivitisp in bthe fHernery Fo-Gesi solubions

]

gan thones bo amployed in yeenleulating sllien acbivibicg in
slogo fron the deba of Iasgenberg and Chipman .
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PERIMGETEAL APPARMIUS AND PROGEDURES 19,

CHAPTEL XTI = DXPERIMGWEAL AUPARNTUS AN PROSEDURES

A detviled account of thy experdmontad bechodques
and apporotus ueed in this resesrch will be glven iu this

choptor.  The work is demeribed in two pacbions.

in Seetion I o description ls given of tho oppoxatus
and procedures adopied in carrylng out oxperiments on thy
gllicon distpibublon betweon droun polubions and silvor.
Thig ie followed by accounis of tho oxporlmentel work on the
silicon carbide und silicon nibrlde equilibria with licquid
silvor gilicon polubtliongs Gduee the yresulie obdaldned from
whe silicon nlteide equilibpiup expordusats were cuntrary to
wint wae espacted from the thox modynamic dota on silicon
nitride, and appenred to hove haon Influenced by some, oo yeb,
unbnown physical factors, they are also discusged in this

goebion and are nob fupbber connldored loter.

%ha weliabllity of bthu experimontol pesults from ths
disbeibublon exporimente depends critically upon the accuraocy
of the chemieal onalyses deterninlug tha concantrobions of
silicon in eagh phusg. Standdrd nethods for meanupring the
conegnurablons of corbon and eildcon in iren goauploes arg
readily available freon thy literatures  Ho guch mothod

hovaver could be found for the analysis of silicon in silver.



tonsacuently, o large proportion of the work dn thie recearch
wos devobod to the developnont of techniques capable of
nmaopuring concantyabions of pllicon in silver as low og OGS
8i.  Thio work is fully deescribed in sectlion II of thip

chaptera

SECTION I  sypsiIdgiiitnd APEaRATUS AND BFROCELURE
e M T T T P g KL TR A 2 Wbkt A S

Tho relstively simple furnces arrongement shown in
Fig [T woo used in the distribution studies.

¥ ho furnace lteelf wae resistonce hoateds It
conpicted of o spirnl allicon ecarbide oloment centrally
ponitioned within a oguare !olcdanyo’ box and surrounded hy
rafroctory alokworke

The ded/2" diomoter, mulilte rescbtion tube was
gupported by on aluwnlna stool nnd otood eoncentrically within
the spiral elomant. Sdnce muliibe and gllicon ¢oyrbide luse
at high tompopatuwwe, cavg had 5o bo akon to ensure no cuatoch
belwaon the b and bhe olameints, A wofyocbory thormovouple
sheath wog conentod to the supporting aluniny stool so that

% atood hatucen the olamant pad peagblon tube with e dip

et the centee of the furpace hob zone.s

Ths Moruadllte®, (510), elemont providad o B"long zons,

with o 5°C tomperature proadiont from middle o endy dvside the
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mullito Gubs ab 1500°C. DPemporature control wop effected by
mgans of an clectronic, morcﬁry switoh roloy conbroliox,
pencibiged by a thermocouple dn the shenth bebwesn the element
and tubese  Another thormociupla, Introduced into tho furnnce
tube in o muilite protective shenth, Indicated the hot zone
temporpture within the tube and this remained convtaut to
& B¥C ab 1500°C.

Both thurmocouploe were of the Pb/13% RhuPb type
and temporaturen were read through a 'Conmbridpe' millivoltmater,
with the a ppropriate cald junction correction applieds They
were callbrated by the meliing point method with gold and
palladiun wires. This was dons by conneeting tho coparated
tharmocouple wires with o thin plece of gold wivres The
bhermocouple was then slowly heabed to the meltiny polnt
tanperoture of pold when the wires were sevored agnd the
Wnperatw e reading notods A plot of time wo. millivolt
raading woo used o gorrect the temporature xend for raite of
heatinge & sindior calibration with pailledium wire wap cnrried
oubs  The gaporated thexnmocouple wizves vore bthom fuscd
bogethor in an owygen enriched condepng fiomoe

The motal clewge was contalnod in a ont inch dismoter,
fuged gilicn, crucdble whdeh cob upon aluning steole loeoting

14 in tho centye of Ghe hol gones
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& braspe 1id weg £itted to the top of thoe fupnoce
and segwad with o wacuum btight pead by two rubber 'O xingn
sorouad I posibion betwsan grooved rass ringos Two
vafractory dioke susponded by oovews benemth this 114G served
ac rodiotlon nhields. Tho 113 wes equipped with three inloba.
Tha firvot adoivted tho raepetdon taba's thermocoupic sheathe
The woaend wes a hald inch diamober wanpling port and wae
fitted with a ascrew cap and sendaed with o lead dlck. The
thled provided o connecblon bo the inert oo supply ond
vacuun punn Sheough polyvinylehloride tubinge.

The tubing wao connectod through voounm stopeoeks
o o votory vecuun purmp and a morcury hubblor opuning to
abimoophoras  The dnord gas wbed wos avgon, dicded by pacelng
1% through Yetuhes eontaindng ankydrouws calelun chioride and

wrgnandum porehloiotcs
Metalg Charg

Tha Yronesilicon alloye vsed dn these exporimonts
vore made up feom mactey alloye diluted with ths requicils
amountn ¢f oloctrolytic dron powder, The moaster nlloys were
prapaved by molting welghad quantities of silicon motal and
iron powder in an nlumins erucible under on strosphere of
flowing hydropen. The modd was held llguid for Liftesn minates

bhen quickly coeled, romoved froa tho erucible, and erushed to
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-

o o powdar in & glioal morbar.

fron enebon masver alloye wore also praporaed for
exporimsuby on the boxnoxy solutions, (Foe0=91).  Those
were made by meliing “irmed' iron in an opan etrbon cruelble
in the ¢odl of o high frequengy Induciion furnacas  The
dicuid motal wos hold for aboub twenty ninubas in the ¢ruclble
thon quenched in waler, dried, and orushsod 0 o powder In o
etoel mortan.  The ollicom welbod wesd In thase exporiunonts wos
suppdied by the Unlon Gorbide Co and contadned on thelr onalysisse
51 0889, A1 0010y Co G 01, Fa OeCGU,  The silver netol was

pure geanvler obtoinod fron Heserps Johnoon, Metbhoy.

Urperdnontal. Progedung

Ehoul 50 mo of geanuler silver snd o elniley velght
of the requinito dron alloys wvere walghed dubo a gllien
exucibie and well mived. Uho cruedbla wap positioned inside
the furoncs tabe wideh was Shon penloed and evacuatod by tha
robnyy vaocwum pwans b wao then testod for leaks. Wk
appuzasty wos eonsldered sudficlently Yudghtt i tho preosura
dndlcated on the morguwy manonabor rose by less than L mn

i 20 miuubos with the vobory puwp valved offls

Tha eruelbic temperotwre was nexb ralsed to 90090

and nllouwgd Lo romadn steady with the aystonm bodng continuously



avacuated for goverel bours - usually overnilghte  The apparotus
won ageln vaconn hestod, g before, ond Ghe eruclible temporature
rodeed o JL00Y0 vhope 36 won sllowved to remain undey vacuum
Lfor ebout 15 minutoge Thin procedvre wep wied 0 ronove

vasiduedl oxypen dloselved dn the cilvor molol.

Tho rotery pump was culb ofY afber 18 minutes and dided
argen gan admibted o tho fuynace twvbes  Fhio was allowed to
pasg through tha gpporetus and oud 4o almosphore Yhrough the
mereury bubblop Lop 10 mdnutess  The furnaco benporaiure uop
meanvhileo ralsed to ISY0% (L5007°C in the bewnory expovimonts).
The arpon gas flow wpg sbopped afber 20 mloubas, looving o
stagpent abtbosphere of argon inside the furnace tubee The
use of a ctoabic atmosphore wng dntonded o provent tho
inbroduution dwring tho exporimonts of tracen of oxysoen,
prosent in eylinder apgone Phometals wero thicn hold ab
tosperature for ab leasy £ive howpro befope samplos were taken
irom gagh liguid layore Sutples faken aftor shorbor pselods
of tinyg, approximyvely one and hnls howrs, dndlcated thot the
vime o Jlovad was moro dhon sufiiclont to abtein squilibr iun.

In ardor to sanple thoe melto, the gerow cop on the

furroce top wop removed and prgon gne pasged rapidiy vhrough

tha tube to preveut oxldation. & plazed silicn saapling tube
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with on obtoched aspivator bullh won thrush quiclkly o bhae

vottom of the erucibls and o sauple withdrowpn {ron thy lower layer

>,

of pilver polutlon. An Jron layor pample wag then lmsodiabely
obtained in the eame monnors  Thoso samplen wore qulekly

coolod by guonehlog fo wabere  The silver oomplos wore buffed

0 remeveo viesgs OFf silico adhuging bo thoeln awrfacen Lrom dhe
eosnling tubes.  Crospgectlonnd euwbs wero bhon telen for anolysis.

Thy complaeto dron sawples vwera gnushad te a fing povdos dn o

etoal poreussion mortar oand the powdey then sunlysede  Ho
avidency of gegrepation could be seon dn those souples. Aoy
samples feon cibhor phase vhich showsd the progence of the
pocond phaga wexo yejeciod.

This proceduwre wag Tollowad for tho distribution

axpesitnonts on both the FoeSl and FawSel aolutionse

xpordngnbol Study of Benilibrinm Solubility of filicon in H3lver

A Sy

The gbjoect of these eupoximande was 0 dobormine the
goncantrations of cllicon dn silver eolubions dn aquilibzium with
gilicon earbide ot aliforvent Lemporotuvss.  The furmaeg
arangonend voed in ths ddsteibutlon oxperiments and choun in
Fig. [L] wan found to ho suldable aleo fop tha silicon corbide

aemdlibe v vorlte
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The chapge of pure slivow or silicon gllvor alloy
wap ploced in o silicon eagbide ceuclble uvhilch wes positlonad
on oluning sbeols lneidg she furnace dubs. & sinilay procodiwe
to Ghot used in the disgribution xuns won bhen followad In
viinging thHo cruacible and chovge o temporptuze wdsr o static
abmosphere of argoh.

The oquilibriun con e gpproeched from bobth divections
by uodng Livetly a gildicon eaxblda crueible contodning pve
gilvor and oocondly o cavbon cvucible eonbalning o silvow

gilicon alloy.

Bovdy owporiments ulth both bypes of orugible indlcated
cartain featuren of this reachlon whioh necensiboted slight
asperimontal chongens In tha fizet place tho recctlon s
found to bo vory clowe  In foob ab lensh forty howves eye reguired
W rgach equilibeiun pbavbing feom the pwra phasoes. 1B wa
alaso found that durdng the Jong porioed o dortoln amouni of gilver
wag being loeb by evaporation from tho apon erueibles o tho
coolar parbs of tho Lfumnes btube.

Tha latter troubleo was ovorepnce by fibbing o bight
corbon 1id 40 the top of tho cruciblees. Over o perled of about
L1804y howsn this d reducod the loss of allvor to obout 17
of tha total ehavpges  In vilew of the longth of tims soguired

f£or the raaction to yoach couilibrlum, tho ervor ariging from
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thig sowses wild be songildoraebly less thon 15 on tho analysed
concanbrabion of pilicon, and Iegerteinly uvithin  $he limits of

error of bhe clusfeel annlysie, eubimabed oo g Of.

Initielly, S8ivly thick graphibe 1ids wowre used ublch
introducad compling problemse  Sovorsl runs vepo wads uwibhoud
actunlly sompling ab tomporatires The cyuclide wag allowad
c¢ood to room bomporature and semplos wore cub from the rouen
alloye Tho slow rouctlon xato nakes thle wethod seasonsbly
acouradg bub oloeo 16 was obvicualy prefoevable 1o samlo ab
tomperature another tacinigue was later enployade.

To evnble 2 semple $o be obbained from the Jiquid
metol chavge, the oarbon 134 vas oub oo thin ng posgible aud
grooved dilometricelly.  Vhen o gidlicon saapding Wabo wee
Lighidy prossed down on the groove $ho 1id aplit opon alloulng
tho erveibla conbents to be econplodse This method wag
puecospiully weed in sempling csddver golubionz la egullliby ium
wibh pldver enrbide ab 1800%G,  Durdng sanpling, argon gos
was pasged repddly theouzh ths fupnaco Wubg, au in the distribubion
rung, te pravent axidetion of the sdlicon in the silvor solutlonsa
Tho camplon obtained were quenched in water, dried, bufied, and

cut for annlyaip.
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Bapedtnenhs on bhs Sildie

on idibridomsilyor figulidbedun

Soversld exparlivots vore performod on an apparatus
consbruchod Lox the siudy of thae gquildbriun bobwaon Jiquid
solubions of oilicon in ellvay and oibrogsn gos In formlng oilicon
nibride, acoovding to the raactlon,

S8t (amag * fllp = Bs Ve ()

An outline of tho npporotus ds schown in Iige [II}e  Tho mullite
raachion tubs L hold In 2 horisontnl, platinunm wound, resistance
furnaca.  The bemperatiwe In the bube wes weintalined ¢onstand
W R by an wlectwonie conbroller operabing on the powor

Ioput o the fernocss  The reoscblon tube wap connceued by coppor
Pabing 4o o movouey manometer and o roLnRy vacuwum pumpe  An
oublel Lrom the cuppar Wby wapn emnecbod thaough vacuun
stopeoeks o o produabed glops Ustube wlth on atlochad wmereory
recervoirs  High purity nitrogen gee from o cylindoy vas
adnlbbed through o saparabe vacuuw stopaoek bo the gradusbed Ustubo.
Hency by ralsing or Jowvering the movouwry rescrveli, o metpured
volums of iy gos could bs adalttod 6o or removed from bhe
veacklion vessole The pagapuwve of kaown guankitles ol gus

dn tho reacbion Hubo condd then he read on o meyroury mNenomoLoz.

Tha matal ohorfle vas placod in o bozb choped oluming
erucible which wag portlolly covored with nlumina cemant to oub

down the loss of allver by evoporablon from the cyueible. Tha



melt tempsyalure war obbalond Wy moone of 2 thermocouple
Inteoduecd ianto the furnses tube vt zmono theowgh o mwddits

ehaathe
Sypepdmantal Procodung

A pregewro vo. voluns cuvva for the sppavatus wap
fivel obdainods A chazge of pupe ellvey wag weighed invo the
alunlnon exvelble which vapg than placed in the pallite tube and
vha appoarebun cealod. The oruedble tempevabure was ialsed to
LOUGYG undex wactum Vo roxove oxycon and engore bhnd thoro wore
no leukne  The tube wae then £illsd with hydvogon pes ond the
towporaiine walsed to MBOYG. A% femparabure the tubo woe
rosgvacuated and mmestwed volunes of nitrogen adnilieds The
pragaure on the pancmoier ¢oerasponding Lo each volwng of altrogen
was meagurads The rosdingo wowo chookod by wibthdyouing
neagurad volwres of geas and nobdng the pressures ageine Suoady
preogures vers repidly abboinsd and resged from 80 « 100U nm Hge
Yhe prossievrolunme cupvs for btho syaten wibth the pure silver
was bime abbaloade

Pho sawe procedure ves bhen followad with chorpes of
silvor ailicon alleys and in ong coog puse sllivon nebal.

drmediate absozpslon of Ghe nilzogon gna wan obsorved

with the 1denid odlicon chargae bub dlsappointing resultn were



3t
obtained with the sllver silicon selublong aud experinmontal
26

problens heeara apparanbe Frowm bho dutu of Slliot end Pobllo
on tha reaebion with liquid sidioony tho gopilibyiun nlvrogen

prosgure ab MB0YC Lo aboub 2 mm Oy, over liqeid silicon. In

«

o bypleead oxporiment of bthe prosent work, &0 gr of o silicon

sokutilon du silver of o, = 0010 cbuowbed 10 cos of Wy gos
(meopurad ab yoon Lomperature and prossite) ab 13B0%C., ovex
ong houge o furbhor absorpbtion wag observod althougly the

wdbrogon pragoare was varled frow 8L wm ho  JOUD s Hie

Tha wotivity of silicon in the solubion cen ha
coleulabed uslng tho wWine ¥gq = 1049 obtained From tho silicon
corbide eeaction resulbe of the peresend worke  Homog {ha
cgnilibrinm nitvogon prossure over Ghis polubion con be ostlmated
o bo about 20 mm. & muoboprector absoppiion of nifrogon

phould thovafore have boon oL2evede

A Liportond expoeprinmental dilfiewlly woe olpo encountarade
Ths evoporpbion of silver from the polutlon yeduced bhe wvelghd
of the choxpe hy 75 gr so that the concentration of silicon

afber 1 hour ruse o fgy @ 0020, Tho corresponding resetion

2

prespura foc this aolubion is abowd 13 mne  This evaporetion of
cilvoy £rom the aolublion is proabtly Inevaased ob Lovey prosenros
o bhot conditlony ol low proseures (30 ma HE) male bhin mebbed

of studydng the rexction dmpractleni.
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There ie, however, no obvious rcasun for the very
small asbemorptlon of nitrogen which was found, aeapeclslly since
a vory rapid ahgorption ig observed with liquid silicon. It
ie poscible bthat Vho resction d¢ sell inhibited by the formation
of & thin £ilm of gilicon nitride acrovss the surface of the
solution. A simdlur effect would be esuced by o leyer of
pllilen, but nong wag defindtely observed on the surface of the
{frozan alloye. Frocaublons were token bto exclude all oxygen

from the systom ineluding prolouged fluching with hydrogen.

In view of tho noture of ths results found in these
exparimanis, no grack significance can be apcribad §0 the
snall sbgorptions which were obsarveds Mo further work

wos earviad out on this rezction.
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SECTION IT  CHEMICLL AWALYSIS

Analyels of gilicon in Silvex

Two relloble methods wera developed for this anmalysis.
Unfortunstely, the first mothod could not w extended to
concentrations below Or05% 8i, so the second method wap used
for concentrations<(s08%s  Analysen of tho same sample donc
by each of the two mebhods wore in exeellont agrceement and
provided o useful check on their reliabillty. Methed one is
an adaptation of a method used for analysing sllillcon in copner-
pilicon alloys and is outlined bulow after A.S.Tele 1956 Methods
of Chamical Annlysis of lelalo.

Principle of Method I

| & nlightly acid solution of silien or fiuvosilicic
acid when treated with xs ammonium nolybdate solution forms
yellowegreon molybdisilicic aclde Photometric meacurement is

made at 435 mpi

Conegntration Range
Rocommended concontyotion range is from Ce04 « 100D ng
of 81 in 100 ml of golukion using a cell depth of 1 ome  Sample

woight should nob oxeeed O+H gr of silver &lloy.
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Colour Stability
Full colour develops in 10 minutes and fades gradually.

& upiform time for colour development should be used for bhoth
calibratlon solutions and sampleg.
Interferences

The solubions must be free from anions which give
insoluble silver salts as these produce erronsous readings on
the spectrophotometer. Solutions showing any opalescence must
be rejected. FPhosphorus > 005 mg in the final sclution also
forms phosphomolybdic acide In the presence of xs. nitric
acld small amounts of HF used to dissolve the gilicon are solublg
in the finsl solution. No trouble arose from any nitrites
which were possibly present elthough no urea addition was made
since thig invariably gives rise to n praecipitate.
Apparatus

(a) Unicam Spectrophotometer S.P. 600, (b) Platinum
crueibles with lids. (c) Plastic Reagent bottles = 500 md
capacity, Pyrex volumetrie flasks and plastic funnels.
Reagante
(1) Silver - pure bar or grain.
() Saturated Borile ameid solubion. About 60 gr/litre dlssolved

hot and cooled.

(3) Standard Silicon sclution. ( 1 ml = 0040 mg Si)

0-0B56 gr of pure anfiydrous silica are fuged with 1 gr anhydrous
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WraC0y  ip a platioun evueible. The melt is ecoled, dlssolved
complotoly o water and diluated % 1 1ldtre in a volumetrio
flack sud stored in a plastic containor.
(4) Ammoniwa Holybdobo aolutdons. 100 gr of (1He )glorOog 2.0 are
diceolved in wabor and dilubed to ) litre.
Gelibration Trocedure

8 mle of (14 2) G solution are added to Or50 gr
of pure silver in a platinun crucible followsd by 6 » 8 dyops
(0+3 = 0e& mla) of HP solutdon. The crucible is coveraed and
gtood untll solution is completa. Sojation ern be hastenad
by heating on o hobt plate ab 60 « 65°C maxdmun.
Ths cooled solutlon g tronsferred completely to o 280 md
pyrex volunotyic f£losk tirouph o long sten plastic funnel
dipping into A5 mle of satwroted HyBly solublon previcusly
added to the fiaske  Tho solution ls made up to 250 mls end
vell mixeds
20 mle of this solublon are tronsferred to eech of 6, 100 ml
pyrex, volumetric flaske., 2 mds (I02) Hily solution arc then
odded and the volume brought up to 50 mls. Zaro, 5, 10, 15,
20, 20 ml portlons of gtandard Si colutlon srve added respactively
to the olix flasks. 5 mle of ammoniwn molybdete solution ara
then odded ond the solution made up to 100 mloe Aftor full
colour development, a portion io transforved e a cleen, dry,

ohgorption cell and its tronsmiscion denslby road at 430 mpre”
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o ppoctvophobonster 48 Yourordt amodinet o 1 on gelld
gorbaining dlatilled watey voed do Gl enelyodee  The monding
on Hho oodl emiclndng no ellicen scoluidon o tohen me Uhe
rongand Dlanb ond 3o pbbleacged Lrom ench of Shw obher ool
gosdings

Enmale Solubion

OG0 v of peopde dp wolghed dnte o Platdoum
cpueibio follauod by & wle (Je2) WGy solublon and 8 « B deopn
{8 o & mlo) BF polublons The eruoible is eovared song
shood wnbdd odlubion do eoaplete. Oonble heabing vy bw
paguived o eldd by selublen 8 Uho gonplos vorbonbing
moy eesudd  dn joso of ahldesn by welabillention oo silicon
FAuoridlos

Ths cogled sulubdon I added S0 o 260 el pyrex
volmnirie finok through o iosg oben plootie fumnel dipping
nto db o OF Rk m:mma prgviounsly added to the $leske
“he soleblon o wade wp o bho mark oud weldld wixeds fguod
sdumeg eonbalndng o eultable poount of 8% %o give o rosding
on bhe calibeabion aurve opg added o buw WU e pyyox
golwmebtnde flashoe 8 wilo of (L2} 150 ove added o ench
purdiane Ong povdlon le weod for beohground golows and the
ohbor droobod with csseniun nolybdate  polotion (oo for

caddbravlens) and 3te clwmorpbion gouding tohome Aoy sobiragtdon
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of the Vblonk'! reagent reading, reference %o the calibration
curve will gilve the concentyabion of silicon in the final
solution and ths percenbage present in the somple may than
ha calculatad.

The method ag outlined has a lower 1imit.on this
calibration of (2% i in silver. By using a dllution of
40 = 100 mls In the final solution with suitable calibration and
naking the lowest point on the calibration cwrve correspond to
2% nls of standerd Sl solubion, this liwmit can be extended to
0+05% Si in Ag. This is the lowest concentration which the
mothod can handle without serious logs of sensitivity.

During research on the preparation of the calibration
curve for this method it was found that ssrious pick-up of silicate
could occur in the solutions from soft glass-were such as the
volumetric flasks and contalners for the standard solutions.
Plastic containers are therefore used for holding standard
golutions and all glasswore used was of the 'Pyrex' type.

This renderad silicate pick-up from conbainers negligible.

The saturated borlc acld solution in the 250 mls
standard flask complexes with the xs HI acld in the initial acid
golution and preYenbs attack on the glasswars which is protected

from splashes by the long stem funnel.

Attempts to extend this mebthod to lower values of
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silicon in pllver were uwnpuvessoful.  Lilubion of the ealibration
golubion o glve the requirved amount of silicon coryssponding
%o 5 gr opilver sumple repulted in a coaplete lovo of sensitivily.
& plniler effect wae oblninad on incresedng bthe walight of sllvex.
Thin lotter mebhod is restricted by the limited solubility of
sllver molybdate and conld aob he axtended pufficicntly to
pormdt bhe raoquired oonalyoia.

& sulioble linwey corve ig obbolned fros the diluted
pilleste ealibrabion sodubionn whieh have haon slmply acldifiod
and treated with mmmondu nelyhdate. sxperdmenbs were theroforg
cayried oub using o varloby of techonlaues o find a nrbhod for
giving o eomplote separatlon of the eildoon from the silver.

Theee mobhods ave monbioned here and the pospible reapons for
thelr follwe in ool easan,

(1) Zopaxebion by preocipitablon of eilver as silver chloride.
This wos suanined using bovh hydvochlorlie acld and podiun ehloride.
Uran wos aleo added to rowove nltritos.  Abporplion peadings on
tho resulding polubions wore irvegudar and had no spporent
rekation to the pilicate concenbration. Jarefal hot lunching
of the proelpitate, ole. nade no difforences The absorphion
readings appesred Lo indicnte bthat the sillesto long were bhelng
seeluded In the ehloride precipitations  Tho presenco of both
chioride ond niteate ions In the solublon eleo ralsed the

ghacrpblon of the polution moking the senpibiviiy two low for
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thepe conuenbrations ol the eppuaprinte vevalongbhs.

(2) sbvactlon of the silves ag thy dithizone complen in earbon
tobrachloride was aleoe abianpteds The oxbraetion proved
Iupracticeld. dug b0 the large volumes of extroctand raequived 4o remove
the sllver end ihe slowngse of thoe procedures  Tho sllver
rolybdate gomplex con bo ewmbpectad Into budandd from Iig aguoous
golution go o ol of standayd sodublons wore shaken up wilh
butenod and bho absowpblon yeadivgy in the bubano}l solusions
Hulaie Vory hdpgh blenk peadings vore Lound and the abasorption
of the silleale seiubions did nob appesy o obay Doed's baw,

{3} Tho vanoval of ailver from bhe solution olocbrolytically
sleo resudbtad in orrabic nbuoppiion raadings on the pemaining
pillco-molybdate solubien.  Blegotrolyeds of bthe gilver Lrom
elocholic,; sunondnenl solubion on te Platinum electyodes was
atbonpled Luobh producsd a gyey sludge which weg subseguontly
filteved. headinge on the aclidiiied solubions were erratic.
Blectyolytie gepavation of the ellvor by the norcury-coathode
techoloue goudd ned be done dn solublons contoining nltrle acid
gince bthis digselven W0 mercuiy. Silver only disgolvee dn
goncantrated bolling sulphurle seld and difficulties arise in the
subsagient dllotion and conbwol of dha pH in the reculbting
golubions so bhov paiplos couwld nob be eseily dispolved by this

solvent £or a laber glectrolybic poparation.
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(4) ©Phe methoed of sypavation which was evoutually found to
o sultable conailsted of extractlog the silicon ne pillente
fvom Ghe silvor somple by melbing the suumple uander eodiun
caxbonsbe ond leoching tho fused mase with hot disbillod water.
Silver ip iosolubdo in Ltho eorbonaic melt and go ie gooily and
complobely seporateds Tho sample ie melbed ab 100070 4n a
frwiflet fuenoce undey oxidicing conditions eo that the slllcon
40 oradised to pillea vhich is insoluble in silver and disgolved
in the coarbonnte nalts Gines silver alloye with platinum
ond Jron is fairly soluble in fused carbonabe, nickel eorucibles
ware used %0 hold the medbs  Some nickel dess discolve in
the molbd copeolaily 1Y Che cwueible hag been in une for o
swnbay of bines e vertoric acid (1F5) 4 added to the sulphuric
acld golubion wood o ecldify the sllnlino exbraet from the nelb.
The faint preen nickel carbonste colowr of the allmline solubtlon
iv dischurged on geidifications The nlehkel orueibles are fitted
with lide to prevent undue evaporation of the meld and crucibloes
o hold ob tomporature in the furnasce for o wuniform time of
taon ninubens 1% wog found bhat erroncous yosulls arose fron
holding the crudiblos ot temperature ovey long and vorying
paEiodeae

The mebhod of this analysls is outlined Lo

gonvondence ag follous aftor the nonnor of Method I
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(1) Stondord 83 dolubdon (L ml = (e G40 mg ©4)

Qo042 gr of anhydroun 910, is fused with 1 gv onhyd. dagCly
in o pledinum crucibles  The cooled mold lo completoly
dlegolved dn disv. wabor, diluted o 00 mis in a standayd
pyrex £lasl, aud troveforved Awrsdlateldy o o plestic bobtilo.

(2) Jmmoniun Mol

pdzbe Solutdor

Abaub 200 ge of (1 )aliopBag a0 ip dissolved in wobey and bhe
golubion decnntaed ab once Into 8 plasble Lottla.

(8) Sulphuzio Aeldrfartaric Aold Solubion

To & gr of tnrborle seld dissolvaed in wober ave addsd 50 mle
of conce pudphvric acld and bthe whole made up W 500 nie end

transforrad %0 o plogtic bobttdae.

Froporation of Calil
3 gp of purg ailver plus 2 gr of anhydrous HonCOy are transforred
o each of gix nichkel cruceibless Tho cruciblos org coversd and
pdaced In o muifle furnace ab A000% for exoctly 10 minubess
Aftor removal from bhe Curnace and cooling o room tonperatuwo,
approxinately 20 wls of diete woater are added to anch flask
follauad by 2+0, 400, 6+0, U0, LU0 ml portions of glondard
sllicon golubion to Live of the erueciblese The crucible to
which no silicon poluvion hag boon added is tokon ag the 'blanid

golubion.
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Tha solublonz ave waaned on o hot plato wabll the
earbondlbe malt hop coamplately diseolvad oanld gra bhen filtered
loto 100 als pyrvex volumetuic Slasks wsing plestie iltor funnels
ant Whatwan Ao, S3L Dilvoypopcere 19 sls of Lhe sulphusiow
warbeavie acld polubion ave odded b onee to each of ths £lashe
Toblowad by 5 wie of the ammonivn wolybdato soluilon, The
solabions arg Alluted o J0O wlp and stood for 10 wdnwieo.
dn abasozpiion ¢oll £ilied with digbilled wator In uvsed a8 o
reforeace golublon with whe photoputer ged ab o Light bond
cenbvod ob 420 mue  Phobomatvis resdings arg then inken on
gach of the giz solutions. The blonk veading lc subbractad
from gaeh of tha ealibration solubions.  The resultont rendinge
oi the calibrobion golublons ave Shon plotled against mg of M

por G0 mls of solubdone

Srogadueg for Alloyy of Silicon in Glivaw

A portlon of btha olloy sufficlond o give fron OOG » v 5
me of 84 dn thae fiosd solubtion ds trvonnleorred to a nicksl crucible.
Thavgafter the procadure is ddontieal to thot glven for the
prepueation of the enlibratlon golutlons oxeept that wo silicon

polubion 1a addad to the crugibla.
Thoe percentoge of gilicon in sllver which o bo
gatlioebod by thig webhod depends on both the range of the

absorption coxrve and the sige of Ghs indtial epamplo Lokone
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In thiy work the mazisun size of epuplo used was 6 gr with
& gre of HopCly dn bhe niclsld cyucibles The lower iimid on
the cuxve 4o gquivalent to 1 md of standord 94 solublon
conbalndng O O42 ng of 81 giving the lowes$ percontapge of
0s Q0074 which sufficed for tho onnlyses in thio roscarchs. It
may bo pospible o lower this limit by concentrating tho alkaline
exvrach colubion obltained Iniblelly from the somple, proavided o
seagembly lou blonk 1s also obtnlned to keop the soneitlvity
%o o proper lovale
For tho ennlysis of pemples conteindng higher porcountage
of siligon, oy, » 1% 83, the sample welght tolien con be
dowored and tha dnibdal exbracting solubion dilnbted to pornit
naing U spactrophotonstzic motheds Othorvico o standord
geavimbric nethed for silicate con b appllad to the olkaline

gilienta solubion.

aavcg_f;l?: G300 Fawedld omplof

darcy :q-qu s o, e SRR

£
Ll

f

Sinco bha p

*

&L dIn the dvon sapples o bu analyoed
nll conbalned ob ladst LOL sillicon 16 was decided thub a
gravimebric method wonkd bs aceuysio enoughe  Slaca sllver s
plightly solublo in Liquid dron cud gmadl traces covlda appony
in the ivon pheae gamplen, owlphweic 2old wee choson on the
asolvont in thio wabhod 66 obviste bthe ponelblo conbominablon

of tha gilice procipliaie wlsh silliver chloride.  The following



prosedure wou ussd for bthe apnlyeis, of Vagaléa-

L gy of panple is welghed Into o 600 ml pyrex beakey followed by
80 1do of (Qe1) Ha80, solution which de bolled wabil the pamplo
e dissolveds  For high carbon gonples spproximatoly § mls of
gone. HNG; odlubion are added to assist in oxidising the corbon
and dlesolving the somplos 200 mlo of (1e8) H.8( solution ove
thon added o the beaker and thoe solution oveporated to fumes of
pulphur tyioxide. Approsimeboly 200 mls of (1+8) HaS0y aro
thon added to the beaker.  Spubltoring lg avoided hove by glow
end caxeful pouring of the HpR0y scolubtion abendily dowm the

wall of ths bonkey. The solubion ds then strongly bolled unbil
all thae iron salts sve godiesolved. It &g Lhen dmwediately
filtored (hobt) through an ashless, pepoy ped dun o Cooch grucible,
end wvoshed elbernnboly with hot did, Hy80, and hot distlllod waber.
The pod and precipltato ave tvensferred w0 o velghed platinum
cricible; driodyslowly, ignitod Lo burn off carbon, ond placed
in o Yeulils? furnnce ab 4009 for 15 » 30 minse  Thoe cruoible
is oooled in a duseicator aud guickly waigheds  Aboubt 05 mls (1e1)
HaB(y ds odded to wolsbon the roaidug followed by 3 » 5 mig of
analay, prade, concentratod Hydreofiuvoric acide  The solution ig
carefully owporatod undll ne nore fumee of 80y are evolvads

the cruelble replaced in the furnace at LL00YC for 15 minsy removed,



eonlod dn o dessicator, and rowolgbede Tho loge in weighd
reprevents gilica from which the ¥ 64 dn the rample is caleulatod.
The filixato end veshings wore transforred to o pyrex botker ond
evaporabted Lo cbeut 50 mlne Gone. HCL nedd colubion was added

10 oot fov pllwor. In gonexal, bthe ollvor concontrabtion woe

fonad to o frropuler from zero Lo obous 89 in a vory fow cosew.

hondyeds of %G iy Fe=Gmdi fomplep

Thisz analysis wag performed on sanples fron Ghe Gornory
distrlbution exporimenta by moons of the &tmu&ardﬁg comhusiion
nethod for carbon in stoalne  Tho cavbon of the sauple is oxlidised
in a otream of puwrdfied oxygen peo ot 1100°C and the eorbon dlcside
absorbed in a waighod botile ganminimé. sudowlime abuorbent.
Tho walght of corboa dloxide gas thus i‘é;umi givaes the 4 ¢
of Ghe sonplee  Tho absorpbion apparatug watt cheeked before and
aftor soch sob of corbon antlyses aghinst cbondazd sauples

contadning 3+00 and (o154 corbone
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50,

fhe gouilibeium 836 81 + O Jo tho prosonge of
oilver wao oppronched from both oides by eultable exporimentel
arrangonentae  Thoe diseoelation wae pludiod by holding liqudd
silver ab 3450%C and 1500°C in a sillcon carblde crueible under
en inord argon atmosphoras

In Bxpevimsnt I ab 14509 the consentration of silicon
in gilver vas found 4o be 0050, 00517 aftor SO houps.

In fwperiment If, at 1980°C, nfter OV hours chemienl
anclyscs on serplos wers (r48, 0048, 02547 54 in sllver.
Honee ooqudlibeiun conconfration ot 2450°C 1w 0050% 81 in silver.

Bt QE00%C aftor 25 hrs. concentwabion of S1 in silver found was O»63%
'Y affzxp Be

9 As0U%L o 50 0 sun o u & 1 9 wng e 54}';
(X3 q?n’)}ip 4

Bauilibrima concenbration b L5009 i @642 51 iu pilver.

The oquilibriua in the pevorse dirgetion wes studled by holding
golublons of silicon in gilver ob 1456°%C in geaphite epuclblecs
Tho reculta of bthopo axperimaents wero areabic.

In Bupariment ¥ the silicon congontratiocn In silvor ot 1460°%
dropped from 1e3% to 0157 aftor 48 hourss  Thie muy have bsen

catped by oxidations



Ske

In Experimend II tho silicon concentration dropped from 157
to 103475 after 48 hourg, Shon o 1o 0F afber 52 hours and
vomadned ab Le0F aftor 57 hovid.
i E;&*pearimanﬁ 11T, cver J4U howrsm, the furnace being cooled and
sampdes culb from the frogen pllvey ingol aftay evory 24 hours,
ab 1450V the silicon concentration dropped chteadily from 1s 8%
to 0387,

Thego vesulbs iudicate bhed agiilbeiun conditlong were

noh attalusds
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COMPARATING DISCUSSION OF RASULDS

To convort bho rosulbs of the dlstribubtlon study 4o tho
poryosponding silieon aoblvity relotive o the pure Aiguid
elomont, tha sotivity confificient of ellicon in the binory
silvar-gilicon goluticn dg Livet deriwed from the silicon

corbide = ollver aquilibelum yosulba.

sablon of Silicon Gnriide

The freo onorgy chango accommanying reaction (4) at

high tomporetures has baen dhe subjact of seworal exporinsniol
o981
shudies which have

540 = ﬁ%i‘{!_‘} - (}{ w.g»ann*i("})

&%)

uafcrbunlicly produced widely dlsogrecing renulise %he

rosults of equiliboiun sbudios | on roactdon (1) provide probobly

the beet nmoang of ealeulating '
840, + H = HC 4+ 200 crivnose (1)

the fros enorgy change in {4) by meking uce of the establiched

¢
fras onergy of formation of carbon mononide and the recently

» £4 3128 034
radetsymined volue for pdlica.
Si(l_) % {3’;3(;1) = ﬁiﬁg( p t:illﬂ}fi}?}) trvsaee (9}
G(ﬁ) + éﬁg(g) = g g{!?} sesssvae (15)

The following eguatione are usod for bhese reachbionpsw




5%

AGY = 46,000 = 8120 T cods (1705 » L620YK)....{2)

AG® = -GR0,R60 « 47+3L T cals  (Lor £ wquartis)es.es(9)

AGE m =27,000 = ROe40 T cole eraeee(15)
Those give for reactfon (4)AGY = «24,660 + 6+084 1 calp
Adjuating the Yenlvopy' torm 40 L4l heub &apa-mit:f? date givas
(3) AG® = 28,000 + &4 T cals (1705 - 10269).

Aekivity of

3 dn Silven

Bquatdon (4) ean now be vred to raczlovlate ¥ gy o
the silverwsilicon binery solution Shxough bhe rvelation
GP = RT InYgg Nag = BY Inegy. Iyon the present
solubility datn at 1500%C, Uge = 40248,  The oetivity of
silicon calculnbed from the free oncrgy change in rescbion (1)
18 agy = 0(e0R6R0.  Ghis gives X gg « 1ed9 henco at 1800°
log Yug v O0PBL. AL 1AB0C the solubllity date give an
averego valus of Os517% 84 in Agy dees Nag = Oe0L938,  Tho
frec encegy chonge in rencbion (1) glves o waive Bgy = 00030,
Hence ¥ gy = 1e10 ond ab JAB0°C Jog f gy = Oet73.  If
the vardotidon in chemleel anplysis (@ 37%) is taken ne the wain
footor contributdng o experdmonial eryor, then in these solutions
dog ¥ ag = OO0 £ 00R&  The poeulls obtained from osporiments
uodng grovhite orueibles and sdlver-silicon golubions to

approach this equilibrium from the revorse direcbion, were
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incongistent amongst themselvas. In one seriles the

silicon concentyation Bropped from Le 5% to 10 0% and remained
constent at 1»0% for move thon 60 hours. In a second geries

the concentration dropped steadily from Ls3% to Or337% over

140 hourse. The reagons for these resulbts are not clear but
savera_JL fachors can be comsidered which influcnce this reaction.
TFor example, the rate of reackion might be very slow indaedy the
gilver solubions do not 'wat' the graephite crucible which results
in poor contact hetween the reacting phasesy  the initisl layer of
silicon carbide, formed betwsen the solutlon and its graphite
container, remains adhering to the eruelble end prevenbs further
reactiony Linally there ls aluays the poesibility of oxidation
although all posgible precautions were taken to prevenb this,

P Batrement and Ghipmax?lencount@rsd similar difficulties
in their study of this reaction at 1420°C. They used graphibe
crucibles end Introduced ¥Yluxes of Caly, Fal = 8i0; slag, and
Cal =-310; ~A1p03 slag, to lmprove contact between the metol and
8iC formed. They aleo fouand thet a long peviod of time was
required to egtablish equilibrium.

When the result of their solubilibty study of this
reacbion is combinedl with the silicon acltivity caleulated from
the abova equation for the free snergy change in reaction (1), a

value of 1ag2531 is obtained which 1s in good agreement with those
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caleulated fron ohe prosont resultse They found at 1420°C
gllicon cerbida s in cquilibrium with o sllvey silicon solubion
An which Ny om GeOR7 + 0-002. [Honce, using squabdion (1),

‘6 gy & I+16 ond log X gy ¥ {2+ Q38

tingor™” hap nnde & recont study of the silver-silicon phase
ddagean and fyom this dorived & volus of gy = A2, dees

log X aq = @0k, assundng that the solution s roguleprs  This
also agrees wall with Uhe prascnt »eswibis alibhough the soluvion
dees not exhibit regular behavicvr and ths calouwloted value of

A

¥ » . a " g o. Lk - ;
¥ gy would be expucted o he slightly lows

The velue of log¥gy = W & 002 obtalnad from Lhe proaent wori

in thus confiyimod by hwo Lndgpendend SOUPCOS

Aobivity Coofficlent of billoun du Idould Tron

Whon gquidibriun do eclablipghed in the distzibution

gxrpolments ab o glven tamperaturo,

o Fo . .. G bg i, Is
(3) 1{38 i‘fﬂi . X ﬁi - ng H;;ﬁ_. X {54{ andd (3{13 .E-Gg I"&‘j/,i,\l l@gdﬂ

St Bho Jov concanbrations of sillcon dn silvor eptobliched In the
L@ _
dietribnbion oxpepimonts Lt bop heon shoun bbb Heowy's low is

oboyed, pnd the acbivity cocfficlenh of sllicon ean b pafoly
assuned ko radaln consbonts Velugo of log Y i San now e
‘i
*mumﬁed for oach valuo of I“‘i from gouobion (31) since

dog %z/ﬂsi is known from thoe dletribution rosulde and log z{ a1

Ag
= 1o0¥gy
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faonm the slliconseonbide-gdiver pgaction. The analyels figuras
b
for thoe binavy distriltution sung and valuos of log Mg

ity 00
shown lo Table T, the derived valuew of log y caere shoun
in Toble Eil. These bave besn ealewlated ab LEVOYG, LMO°C,
15009 and 4RLYC for compavatlve purpomss. Temperoturo
eopverslons wore oblelued through the relationship

dlnfgy/db = *31533/}1"1?“ . tha pertial molal fres omorgy of
gilicon din Licquld iyon belaz taken fron the deda of Borhor ond
Galssz > given graphicelly by Chipman, Fulton, Gokeen and t;:as‘im;i
wide 3?1{3; 11k,

In Wige IV log ZSSi ir plottad against Mgy for each of
the four tempenativsce

I Fige V tho ourve ot 1420%C hoeo heen droawm, and
valusg of Jogy a4 taken Lron the dabe of Chipwman, Fulbon,

1

Gokeen and (askey oroe shown £op compenisone. Thedr wveluce of

.;5‘\5\ ) n
Tog i’fa‘gi/ym were convarhed Lo log ¥ 5 4 valuez by bhe addivlon
AR ¥ | T =
‘Mi
g P - 4
of logy if: B O (7 Tho cwrve i essenbially linvar ovoy
[ N5

the range Ugg = O o O-4, and extrapolotion to iy
Ak,

value of Jog Y%y = ~8046 ab 4R0°C.  Chipwen  aobtioated o

4w 0 glves o

valug oflog gsct »3e4 at 142090, A eompardson of the polnbe
a3
obtaiuad by Chipman, Gokean, Fulbton and Gasisy , ond those

from the preosent work in Fige V phous that bobh arg 1n good
33
angreenent,  The pointe, howgver obbained by Chilpman et 8l

all 1ie below the drawn cuxve bub In fact a line drawn bthrough
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thelr points would bufrapolets to a valus of log gy = =350
a dlfferance of only 005 In logy , equivalent to an enexrgy
difference of about 400 cals.

Chipman et almused an exparimenial arvangement to
gtudy bhe distribublon of silicon between iron and silver, which
differs in cerbtain respects from that used in this work.  They
anployed high frsquency induction heating and held thecharge
at temperature for 40 minutes in a silica crucible of 10 ma
inside dlameter. Tewmparatures wereg yead on an ophtical pyrometer
and coatroll ed by hand adjustment of the power input. Thelr heats
were gquonched by shnﬁﬁingioff the power and passing s large volume
of hydrogen through th@:furnace. The phascs were then separated,
ground clean, and analyseds Flowing argon wag used to provide
a n inert aﬁm08ph3r6|&uriﬂg the runge It is also probable that
they employed a diffarent method for analysing their silver
Samplgé.

| In the present W'rg, an elegirvonically contrelled,

regisbance furnace wes vsed Lo hest a larger chorge,in a 1 inch
“ \ of

\ i

dlameter siliee crucible under s stagnant a&gan atmosphere, for
N '\‘ " A ' : J 4
ab least & hours, and samples were extyacted from the liquid

melte ~ The procedure e detailed in the experimental section.

i

The cumulative effect of thede varisiions i@ oxperimental technique
1s prafably reflected in the pmall difference appearing between
v \

the two sets of results ag seen in the curve of Fig. ¥  The
\ | j oL B

\\\ ! {

i\ : / ..

.’"f" »; \\

]

EEbes
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remadndng, poseible, contributing foctor is that of the tomperabure
correctlon applied in adjusting the resulis 10 o common tomporabure.
This involvee o third souxee of data, viz. thot of Korbor and Gel:mﬁm
on the heat of mixing of liquid sllicon and irone Thoy cbiedined

the heat of mixing of the liguide at 1600 by a ealopimcinie

nethod, and their results were later confirmed by Chipman and
Gmntmuaing an enbirely diforent fechnique. Since {the temporature
dependance of tho heat of mimlug is not known, the particl molal
enthalpy of sillcon, I‘&’%_i’ iz token only as a function of composibion.

Valuzs of Lgy corresponding to cach mole fraction, NS:L ore talen
~liyy

from ¥Fige III, and uped in the exprecsion g-%.ﬁ oa = -

obtnin the temperaturea corrections

Hatuween tho temperature 1420° ab which Chipman ot al  obtoined
thelr resultp, and 1870%C of the pregent work, the tomparature
correction raducee 0 3 byy x(000L0UB) where Lgy, 1e ih Kilocolorde
units., It is cloar thot do make » slznificant erroar in the
tomperature correction, o very large exxar In Lyg is ncededs

Sdnce good agreenont hag bocon obtainsd by two differant meureesm e
on the hoat of mixing of silicon and lron at 1600°C 1t is most
unlikely that n gignificant exror 16 pregent in Lgye  The
tomporatur e adjustmont can therefore bo discountod ag a source of

orror affocting tho valuss of 10z ¥ q4e
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Indepandent chocke on tho volues of log Ygy 2% fixed poinbs coan

ba obbe Ined fron equilibrium data ae cutlinud by Chipman ot ol * i—»
In visw of the cory oz‘:ﬁianm ’%'%&pplied to m:.e' heat of Lormatdon
of pilion, the original ealeuletions of Chipmon ot almnw bagone
obsolaetg, The pome equatlions, however, can be usaed in the light

of tho nore recont daba $0 choek the curve of log ¥ gy Ve gy

obboined {rom the prosont worke

Chipman ¢ ezlmhw& nmongured the concentratlons
of silicon and ¢arbon in liquid ivon in eguilibeium with silicon
caghide ovar a range of hemg;ex{atmam From thedr veculis, given
ag two linosr cuzves of Hyg and N plotled againgt temporature, the

following dabo are obtalned.

At 1570°C, in the tornoery Fo=di«0 solubion in
equilibriun with 83C ond graphite Nﬁi = 0+ 366 and Ny = U 0144,
From oquutdion (4) the activity of silicon
SI(L) + Ogr) = S0 v AGS, = =0,000 » 0747 (4)
in thio sclution & mgy = 00385, Hence tho actlvily coceffiedent
of silicon, ZS«? = (01053, in Phe ternory colutions The effect
of corbon én the activiby coofficiont of silicon in those evlutions

o expresped by the following equation
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¢
log ¥ gy = 600 f,

ubare § gi is defined os Cyg& 2y K\;i /X&'%:i. ( garoforring to the
binary Pe=3l solubtions). The factor 60 in Lhis oquabion ig

toaken from Yhe resulte of the present work on tho Fe~Si~U polutlons
and will be dlccussed lalor. Since N, = O 0344, then from the
abova squationy, b’gi = 1e22 gnd log ¥ gy = =106 in the corresponding
binary solution. The velus of log gy obinined from the distribution
study ab 1570°C at Mgy i f. 366, i log ¥ gq = ~1+06. Fusthormore,

at M20°C, Chipman et al xeport that a solution contolning

Ny = 0+ 0LOD nad Ngg = 00385 dp in equilibrivm with graphite and
gilicon coarbides For the coryesponding ia-S54 binsry solution

thege dato give log § gy = «le8l.  uhen the diptribution study
curve of the present work ah IS70°C, is adjusted to 1420°C, it

glveg o valus of Jog X g 4 = ~l+a7 ob Ny = 0385,

The curves at 1570°C and 1420°C of log & g3 ve. Huy
obbained from the pregont worl are shoun in Pdge V and tho podnts
cateulabed from the silicon corblde equilibrium duta are norkoed
for comporigon. The mpreement is good and provides conflirmation
of the wlldity of the several sebe of oxperimental dote uvsed in

catewdoting velusy of log X

_
&1
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Ackivity of Sillcon f

Sl 3

Ol Fow

The activity of gilicon in bipapy liguid Pe-8i solubions
can also be obsnined from the dotn pertalning to the equililwin
which may be established vhen golubions of silicon and oxygen
in 3iquid jron are eguilibroted with gae mlumtures of hydrogen and
wators  The Llgudd meld is held in o silien crueible and ab
aquilibrium the vencehions taking plece are deseribed by tha

Loliowing equatlons.

§10(g) + Alla(y) = 81 + 20 veeeal?)
' 31330(8) = %(8) + Q #Qﬁ!!(ﬁ)
fv‘ti()g = SL * 2§ Q!n*h(ﬁ)

Those ogquilibrian hawve Loen axtensively Investlgabod by Gokeen
and Ghipmnm y bhen Hatoba, Gunji and Iﬁummm ond latey Chipman
ond ijilla;"ﬁ who cummnrined the resulie of all three ceto of
exporimontal data.  Thase dnvestigoblons all followed o gimilox
expordmontal approsch to tho problom.

The pao migtvro wae moede u_p‘ by pasping brdrogen theough
o conpbant bomperaturey soburating vessel conbaining pure wnter
or lithiwm chloride solvtdons  This mizturo wag then diluved
appropdeately by four bimes with argon gag, in ordey to provent
a concentroblon gradiont arising | In tho furoace buba throush
thornal diffusion in the gos phoses Thin controlled, paseous
mizbure wos poegsd over bthe liquid lronwpilicon alloy contained

in o silicn erucible hold at tomperabure in an induction henbed
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furnnca. Somples were bukon duwimglmm by suetion inde silica
tubes, and temporatures mensured on calibyotad optlenl pyroagtors.

A foantwro of theso oxporiments was She Jangth of time elapeling
hofore aguilibrliun wos judgod o hava been cotoblishods  Chipman
and P:i;ila;? reporth pung conbinued at leagt 8 houwrs and in some
¢cagoo 12 hours.  Matoba, Gunji and Kuwmmmz*e;mxt thet 10 to &0
howrs were required.

Glnce the liquld meld dg ocoburated with aillen, the
geiablonghip bobwoen the gas gompositlon and the ailicon concentpation
of the solution Is expresged by & plot of dog K:, « againet P ood
where X'y is glvan by

K, =[] G)
This cuprve 4o linesx over the goucontrabion range studied, U - 37 84
in motel, and extrapolebion to geye silicon will glwe the equilibriun

conaband

ﬁ‘? £ a@i ( ;Hn() )
Pii,

with the infinlately dllude solubion sg reforonce oitnlbe,
The amowlﬁy aceffilcleond of gilicon, f““i’ iz glven by the product

51 o “:3
Pyq = » 5;‘ whore the interaction coefficients £, and f

‘:,3: _ 8i 51
exprose bthe effect of silicon and oxygen rocpsc hively, on the acbivity

goofiicient of ailicons Hence

) 3 1
x{? - [f i}#fc'i‘ (‘iEAﬁO ) = K ‘fﬂi o Iﬁ ?iﬂi * fﬁi

or 1og £ = log £s§,' + log £y = logK, = dog K
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at the low concentrations of eaxygen porsent in these solublons, ite

iufiucnce on fm iz conslderod pegligible eo that ;ﬁ‘gi 1 and
Si
1o ff}.i. = log fﬁi = E.?g K‘? - 1o hl?

. . *RA .
Using those equabions o carve of dog £iy  wos deown agalnot 764
ab tomperaturcs 1ST0OYC, 1626YC and 1660°C frew the reeulin of

i5
Hatoha, Gunjl and Kuwena » Theldr data agree with the renulie of
46 14 ,
Pilley nnd Chipmon ongd with thoso of Gokecen~Chipman baolow 2%
1%

gilicons Tho ooxdier resulic of Gokcen ond Chipman  above 19
gilicon ave now thoughd Lo bove falled to comy to eguilibrium.

The cuvrvee oblainaed by Matobe, Gundd and i(u.wanamnrs
ghoun in Fge VI and aloe thet ohitedred at 1600°C by combination of
the rogulba of Fillny and Ghi;)mnm ¢ Golean and uhipmni 'i':

Tha slope of ench line glvos ke wvalus of egi, dofined
an A log f&;’i/d[ A51] The temporature dependonce of the aquilibrium
in {5) io givon by the follouing squntionsew

log K, = =15,640/T + 4485 3 0 G: 2 71,540 - 2217 T
,gi s 3,000/T = 1077
The rvasulte of o ctudy of renction (8) by Floridic and Ghipmmf ?
lad to the Lollowing eqguation
HaQ ) Hagyy * RO AGH = 32,200 + 144037 (8)
Combindng thip free onorgy change with that for renetion (7) from
Motohn et ale' yesults, glvos for reoction (6)

540a(g) = H1 » 2 A GH + 135,840 - 51e431 (6)
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Thio ronchlon cquation can now hoe combined with the reviscd lros
enerpy oquablon fox a:llic:ea: rfhami with that for tho fyeo onewgy of
solublon of oxyeen in 1ldguld iwcu: i‘s’m glve the free ansrpy oguation
fop the solugion of Mquis pllicon in fron (vrecobion 1))

@i{l_) & %(g) e Si{’"‘(quurum) AG'-;’? ™ *3226,}3(}(} b A7e 34 P (Q)

Oa(p) = = 8 AGY = =56,440 = -3¢ T (20)
iy = i AGS = =33,800 - 2005 T (1)

From oquation (11) ab 1570°C dhe froe enexgy ohango is «39,310 cals.
lance ~39,3L0 = 44070 x 1643 log aga(ail. coln) /(“$Bf(puxe 1icuid 64)

Honee ﬂgj_( aia. 3?301?!'1) f&l:’i( ) gy (e OOUORLY

% r i - efen ‘ o {Je 009{321%
4 \ » i ¥ W, v "
In dllabe golubion s z\.‘:} 1 = (UG ( féyi) - a éi = W

and log ¥ &5 = =R+ V6.

Thoe axbtropelatod value of log 531 oblalned feom the pragent sindy
ol 17070 s =308, Tha geadient of the two eurves of activity
goafficiont ageinost concanbyatlion can algo bo compoyved bheough
Hotoba eb sl??a equation

(s

i
a log Lgyfalia] B gy = BT - 1w

1=

851
Thio equation ab 1O70°C loeds Yo o valus of € &;i = dIn¥gy/d Waq

84 o
of € 51 = 204, Thoe gradiont & gi‘ obtained through the present
w

distribubion study i 13+6. Tho tuo curves nt 1580%C ara
ghown for compnrison in Fige VIL. The disorapancy botwosn
bho two sebo of resulte ¢ obvlously beyond the limite of

experinensal crror and indicaten that in ono off them, thy decired
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equiliberin bave not basn abtalned. A poselble explanatlon of
the anomaly has Goan sugpostod by Ballmms follous.

In the exporlaentyld arvrangonent of tho uork of Gokean and

R} 16 s

Chipman , PLllay eod Chipmon , Maboba ot al , o mixbure of
wotay and bydrogen wag pasged over the metal alloy contaived In
a silica erueible. Under bheso sonditions the Lollowlng rencblon
will toalio places

880; + Hp = 810 o 0 veens (28)
The concentration of siticon in bke melt will he constani and
governcd by the silica dissociation (resction 6).

BA0 o= 8L o+ R0 vese £6)
Tho wolue of pyag bowover will be Incrersed b the swrioca of
she mald through vesetion (13) so thad the true Py, Prossure
will be grooatew t’simn{ the wopsured lvleh prapsuro. In reaction
(13)

o = Posor Diosp,
Ha

I8 4% 30 gosumed that reaction (L3) comos to equilibeium, for
anch molaecude of 610 formed one moloenle of Hal ls produced.
If Yab popreconts inled P00 then Fug = pela + g))/pHﬁ
VHGES P = Payy ® Brr,o fxom (13).

From these gemabions 1% can be gogn Shad Pi,p fron

roccbion (18) will inorasse an Vho inlot watexr progsure decrensoes,



1.0e e bl oildcon concentroblons Increans In the moli.

The curve of Jog Y., v8 Ny calenlabod fyom the dnled presmue
a3, [
of pg o Shwough reaction (7).

H0a(g) + BO(y) = 81 ¢ RO (7)
will Shus Increaningly d&v«sxg& fxom the true ewrve gu Ngg Inceousess
As can be seen from Flg. ¥IX “the o ocugvas do In faob divorge in
this wanners  Romotod and l’iichswc%aon%hava racently studicd
voneticn (13) and chbtnined %he $ollowing equatioas
By # 810 = B30 ¢ B0 AGY o= 357,000 - 4500 (13)
Values of Keg ab 1685° and L870%C fFrom thds agquadion waro used
to calewiato fyon Mabobha ob ol :3minleis uoLor propsures the
prababla Pi,0 values ab the medd sunlocess, Theoe calculabicns
involved the ccommpblons that (&) veastion (18) caxs b0 ocuilibeium,
() that ihtoba ot ::s,lwusacad o Sl avgon gos cobloe  The latbor wopg
not vopertad.
The coprvattod viater prossures wers thon used 40 recalouldate
Ko = [:&‘ii}(pﬁzmbﬁg)gﬁmm Masoba oh a2 ﬂmdzzﬁa.
Tho derivad woluze of Blg wore found Lo bo congbont and ab
16590 log Klg 2 «3e4B, ot 1E70°C lopg Hig = =373,
In view of 4he assumpilions mada in enleulotlog thege
ropulia, thelr pignificanca 1leo in demenstwabing the magnifude
of tho gyrop which con ardge theough negloching renctionn involving

the volobile speolas 810, Thore is slso sotvong ovidonce which



a8,

indicates thal a reachlion ii‘zwu ving S10 434 acoeuy.
UChilpuan and Eii&.&y :s—.*eycm tod that da thedy workMadbapis
o oxtond bhe sbudy to higher silicon concanbbatlions weve uwsuccessiul
on acgount of the Wwanesfey of giliea from the wolpd bath Lo the
uppexr poctions of the crucibls by moang of a sllicon wosoxidae nechoniom.®
Thip remasrk also sugpgesty oncbher reacblon le ;wm:%.’bly involvad
Lero bolwaen bthe siilcon in bhe malh and ibs gasoous obwmosphongs=
g v WOy = BL0( ¢ Hagy) seenne (26)
This reachion would cpposs reaction (13) In reavving stoon from
bho nedd garfaee and 46 do falply cortedn that the coprection in
Pp,0 calenlated from reacbion (13) is teo Izlgh.
The word of Romsted snd hiemxc}asmz »:m renetion (13 )
hoyever shows that thio recetion will bowve Yo be cunsldored
Gily ¢+ Ip = 810 o+ IO verses(dd)
beiore e vadues of Pl o o%e known with cortainty. Theoe
workors ugad o carrler gos entralnment techniquo GO moBsuUre posg
i 3:@13:1:(311:?.&};1 (.L%) by peseing o B = B0 mixture through eolid
sillea ut 1560 and wadghing the roformad silica in g condenscr
tuba, 'J.i:h«;«:z&* yugults Iandicats that the reaction prooccads accorpding
$0 copation ‘(‘13). Thay pleo studled the following renction (14)
uing szr.cﬁ*r@ a8 covpler gose
3&% + 81 2810 Ag®

1688 * 1600 K
Ramatad ag;qg Richardoon’™® aleo abtempled to obtain valuse for the

= Q01,300 ~ 7007 T .4(24)

activity i::ﬁ\ silicon in ivon thvough reacbion (36). To do thio

\

\




G4,

they suepended an Iron boad in an sluosphera

E::i:i, i ji‘a Q(s) el E}.;i{}(g) 4 }?g(g) . Y YYTEY (lﬁ}

off Ha, Hy® and 810 ablsined by poscing hydvogen gan bhrough silics
o 1950°C,  This bead ab equilibwlun hod pleked up 10¥ 61, i.c.
Qe 18 mela frections An aquildbyiun consbant fop reschion {16)
wag coelewlabod from the frae enevgy daba on xenchilons (13) and (14)

A »
AIUILAS
t?nn &ﬂﬂs " R

Bao ™ Rpg o VL0 pa.g % P o 263 x w-a ol ABEOYC
BINCQ Peay = Pi,0 and P, = 1 abmesphero bhon Yag = fgy,
From thio, uhey caleulebod log § gy = ~10030 ab Moy = 0+16, at 1560°C.
Gomporad wlbh the valwe cbbolnad fron the prosent vork ot 1470°,
Lhie dlffors by (A7 An Jog Y as. aquivalont to an energy difforouce
oF 205 kitocaloricss IBomplad gnd ﬁic:h'zmdzmr; ' shate that fronn
considerotion of entaeopy daba thore agppears €0 be o hidden consistont
eriror yunning through bthady rosulbocs I would seem thot this erroy
1o mainly assoedobed wilth reaetion (13) and that a cervaction of
apprexinaboly 2 kilosudesios would bedng thele data Loto good agreemant
with that of both &chwmfer and Iiarnleas » and the present wopls

in viaw of those wonplderotions, it would aiso appeay
“het the eectivivy coefficiontn of silicon in iron calewlated from
bha data of Gokean and Ghipxzm? ¢ y Hatobo ot alw » and Pillay and
C}ﬁpmrit 'i camot be conglderod reldable antll thoy have heon eorrgetod

for the offecte of gldo renctions involving silicon monoxide. Uhen



Pon

the frao onaxgy date uweed 4o ealeoulahe the equilibrium in rencbion

Y
(18) is ploced on o pure basiey bthe methed of Renesbad and Richaydeon

willd provida anobher moang of cheehing activity woulues of silicon
obbainsd from the distribubtlon gxperiments, A hebhey

v Tabry = Ma(g) + 880ry ceenrsn{16)

_ 14,56 40
jnderprotabion might aleo bo made then of She experiments ?

an the silicon~oxypen equilibrin in Liogudid lron.

.

fotivitv of Sildicon feom thy FaeBi Phane Daeran
fetivivy of Sitacon feom the FaeBi Phase Digoean™

T TR S e 2 § b N

1
Chipmen @b ol in Shelr earlispe voek on the distribution

guper Inente of pllleon bebween dvon pud gllver, uged o podnt of
nown silicon sebiviby to converd thelr distribution curvoe of

e ]

log l%gifﬁgi o ong of log ¥ ugs Unfortunately this conversion
wag basod on an exwtrapolobion vhich assuned o constant valug of the
function log Y S 5_/ (;.«i‘fgi}mq This assumpblon is nobt valid ond
dod Lo an ineorsest calibration of the aetivity coefficienb cuxve.
The valua of the seblvidy cvaiticliont at this fixed polnt hovever
4 oehill valld snd lbe deyivablon sg given by Chipmon sh &; * iz

5 follougs  Ab 1207°0 pure solid silicon ¢ in oquililrium with
a solublen in uvhleh Hgy = 073, The nelting peint of eilicon
fp MIA°0 and ibe hoob of fuglon 11,000 cals/pe nbkoms,  Henge ab
12050 2{:33: = e84, Irom the dote of Hovbeoy and Gal;&*enw ghown

in Fige I3, Bgg in this solutlon de 302 K colas.  From the

radabionship 2
d In K«Si/ AT = = Lsxfﬁ‘f
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the effeot of topperature lg obinined by plving ¥uy = 0205 atb

LE70°C, Leos Jog gy = 0006 ab gy =273, Values of 20g gy

ab 18Y0°C, tuken Lrom tha bont sbralghl line throush the log ¥ «
agueve of tho prasent work have boen used te consteuet the curve

of log gy Ve (L~ ﬁﬁi}ﬁ ghown dn Figs VIIT end Inwluded i the

peint ealeulated fkove Loom the TewS3 phase dingranm dadn. 16 ds
cleay from the shape of the owrws that this polnd glone couwldd nob

be uned wlth covtainby o Lix Bhe scole of the log ¥ gy curvos

Used in the conbenh o Fig VILL, however, it provides added gonfidencea
in tho valldity of the activilty coofficlont cuivo obiained fxom

sho prasent worl

Activity of Gilicon in Liculd FheUeid Solublons

ORI N L D (LR M A

o obbedn values for bhe aebivity of silico ln line~pilics and
Llpwealimioacsllicn sloge, Pulbon and Chiymati thon Langanburg and
Ci:-.f&pnm? baged shaly ealenlatlons on o koowledge of the acbivity
of pilicon in carbon sadurated lron, oblslined fyom theiy sexlicx
dlateibuiion shudic j : . In the Sawnany Fe-8i-0 solublons the
vesulis of Chipman ob azlm did nob wxvend hoyond Ny = (8.  The
gl of bhe prosent worl wag o laorsose thle range, having
gebablished in the binagy Fo-Bl solutions relieble sebivity valuce
of sddlcon av the lowash Mgy concentwatlons, eovrespomdlog o tho

hlgner cavbon concenbrablons ln the Seynery solubions.
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Sxperimenty were therefore caveied cub on iLhe
dictribution of silicon bhetwsen llguid ellver and liquid irone
eorbonegilicon solutions. The some mothod was ewployad as for
bhe binary Fos81i polutions ond the pesulia oro glven in Tnble Il
fhese are plotted 1n Fig. IX av log y;i(dﬁﬁmsd in Chapter I) vo N
Tho range of carbon ecorncontrobions exbends from Hp = Ge07 %0 O .
Thora is o falrly large scabtor of the axperimentol polnis In this
plot for which there 1o no obvious reasons A similor sentber
exieto in the remudbts of both Chipmon of alu and E?h‘bani%for this
function « log xgm = nor is 4% elear from any of the date il the
reletionship io lincar. Chipman ot almmnaidemd thaly ropults
at 1420°C to be bapt exprassod by the linear oquation log éfgi = S0 Sy,
Thoe boet shraighd line drawn through the rgeulbs of the proesent
vork would have the gguabion log Xcsi = 00 W, at 1500%C.

Qhﬁmzia Guseci an olectrochondoal methiod to gludy the
actbiviby of sillcon in bobth the binory and fernory Fo-Ge81 golutions.
Hie oxperimontal techulque involved masguremont:zof the W.iL I
volues eorresponiding to a range of solublons of carbon and sllicon
incorporated in the following alectrode concentration celleé

* Fee81eG / 840,000,050 800 / 84(1)
in this call, pure liquid silicon ils {the standard yeforence
eslactrode and a liguld slag containing silica forme the intormodlate

oleatrolytes The two motals vere melied in a btwoslogged magnonin
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erueible, under argon or nlirogon, and the slag added to form an
electrolyto bridge. Pobenblels ccrosg the cell were thon
measured by incerting § mm graphlitc and 2 mn polybdenun rods,
connacted to a potentiometer, into the ligquid iron golutlons and
1iquid eilicon respectively. To prevont thome leads discolving,
they wore inserted only while o mecsuremont wag taken.  Samples
for analysie were withdrawn by a syringe aftor each rending. A
plabimmeplotinum rhoddun thermocouple was used to meesure the
temparature, 1540 3 10°CY
The use of graphite and molybdenum rods 28 leads in
the above measurements produccs a thormal BUF betwaen thom which
muegt be sublracted from bhe botnl BMEF recd Yo obboin the true
potential differconce of the cells Ohband meusuvred this thermal
EMP by dnsorbing tho leads into liquid silver and pig iron, ab
the same time measwredng the liquid temporoture with o PU/PL.lh.
Lhormocouplas r
The following ecuation holds for the B of the Qulld, (E)

and tha acbivity of sllicon ab & givon temperature Te

B = RI/mFina .‘553./8@31 cosnennnes(l7)
8d o3 and agd sre the activitise of the pure liquld silicon and
the pilicon In the liquid ivon alloys respootivoly. Hith pure
Idguid sllicon ap the roference ctondord state, algy = 1 and,

B = «(0C002 %/n) log 8gy euasessrsee(18)

To obtain o valuo foar n, the electron change in the cell reaction,
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ﬂhﬁanﬁ?ﬁaasume& that silicon, dispolved in liquid iron, oboys
Honyy' o Lav and replaced agi bY Hgg in (18).  Substibubion of
porrasponding miuﬁs of ¥ and Nyg gove values of n from 4032 » 4+ 02,
from which 14 was concluded that n = 4. Honge, putting n =4 in
equation (16) Dh'haﬂf &camu&t&ted sillecon acbiviticn in the binary
and bernory solutions, obtained valuss fcm}{si in both solutions,
and deriwed the equation logX cm = B3 H,,
Alghough this equation ig in close agreement with that of Chipman
ab ai?m, ecbivity values for tho binary ond ternary solublons teken
Lyom Ohtend'e dzzmaaagma with neithey Chipnmon et aﬂ.nnor the
resulte of the prosent work. Thore is o large consistent difference
batwean Ohtond! & aﬂmmlﬁs and the resulte of Chipman et afi
which ip cancollad out in cnleulating wvaluco of lngZSQg&.
Phie difference ls clesrly brouvght oub iz Flge 10 vhere tho binary
eurvo from @htani’éégdaﬁa is shown togethor with the eurve from the
precout resulis both adjaaﬁaﬁ to LHU0YC.  Ohtani's curve of log 5Q51
ghovs a lorge seabtor which woudd confuse compuricon and is nob
shoune

Ragording the difficult quostion of a cell resebion the
follouwing oquablon woe suggestade

% aw
n 61 (in Vo) + 3 n 610, (olog) =4 n &30y (glag) * 4 @ ++»(29)
The reduetion in this nannor of complex silicate lons close to the

alloy eleotwode would certainly involve o four eloctron trensfor

as in (19).  The equabion however 1s spoculative and cnnuot be
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neceptad ap ovidancs thod Ghis rouction dose lnvelve 4 eloebronge.
The agsunpbien thwt Hewry' o Loy s oboyed in liguid dron-silicon
solubions ian olgorly incoryect and this Invelidatos Ohtandle nmethed
of calenlabing Ynb, from hie oxperimsntal dato.

&% 1500VCy veluoe of the function d In¥uy/ m‘ﬁi from the
prosent work and Ohbond:s > date oxe 14 end 117 respectively,
showing pome metewre of agreoment, bub there is o difforenco of
0076 1n log KQS:L‘ A gimilar difforonce oppears bobwoen both sets
of rosults on the teynary solutionss Befora & propor inlerpretation
of Ohtonite doba con he made, the uechanism of the well reaction
and the eleobyon transfor involved muct b2 kuown with cordainty.

Ho raliancs oan thoreford bs placed on netivity valuss caleulated
from Ohbandts dato until all the torms in equation (16) are hnown.

Tho activity values of silicon in the binory and tornary
solublone oblained from the present rogulis con aow be used in
conjuncbion uith the data of Chipmanat ala * %o onleulate oilien
achivitics in lime aluminawsilice cloge.

fpom the reaulie of thely distribubtlion gbudies at 1420°C,
Chipman et al shovod thet for the ternavy Fow-oefl solutlons the curve
of log ¥ L (Vg * Mag) 4o cosentlally Gho samo cwrve of 1og ¥ gy
ve Ngg for the bimery solutions. This 1o substontloally confirmad
by the xéml‘“a:s of the progont study ab 1500° ghown in Fiz. XI.

The soloubility of grapvhibe ap a function lemporsture end silleon

a4
contont has besn determined «  Temperslure adjustment on the
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logy gi ve Ngz curve can he.made updng the data of Korber end
Qalssnm. Hence the activity of silicon in graphite saturated
solutlon can be accurately.determired.

Ghipman et ala " measurad the equilibrium concentrations
of gilicon and gilica in carbon saburated iron and slag solutlons
respectively, held at temperature under carbon monoxide gaes atb

1 atmosphere. The equilibzium ls represented by the following

rgaction.

810a(s1ag) * R0(g) = 8i + A0 (1atm). .28

) 2
under these condiitions Kg, = ?’SMPCO = ;g

T

831054 8%g 8510
Ko, can be obtained from the free encrgy equations for the
férmﬁion of carbon moncxides and silica (recently revised).
0(g)* Oa(g) = R 6O(p) A @%p = =55,600 -~ 40-80 T
Si0g(qu) = Si()*0s(g) AGoq = R26,200 - 47+34 T
These two equations give for reaction Ra
AGS . = 170,660 -~ 8814 T = -RT In Ky
A% 1600°C, this equation gives Ky, = 0-231, hence agy/agyo. = 0-231.
In order to compare silica activities obtained by Kay and T:e.:,rl«:mﬁ
with those rscslculated here from the data of Chipman et ala ’
eq ullibrium concentrations of silicon and silica have been taken

3
from the ternary disgram of Chipman et al at 1600°C, along a line



TABLG 1Y

Aol0, AL gy 0 edog gy ~lop agy

510,
20 4 <067 163 178 2082 0072
24 8 135 310 1066 2049 * 0155
20 12 e200 079 LesR e 24 + 0275
32 16 206 040 1s37 2092 «058
386 20  »E85 024 1014 1460 «120
40 R4 362 ADM0 0S¥ 1040 +100

a
8510, recaleniated from the data of Langenberg and Chipman «
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cocresponding o 317 AlyGy in the sloge Valuss of tho concontrations
of carbon in the liquid ivonesillconecarbon solubions ave talen from
the curve of Fig XIT roproduced from bthe data of Chipman ob al
at 1600% Go  Since the corbon solubiliby is greatly deoreased
by silicon the earrection for ite presence is emall and hao been

nogloeted. Activity coofficlonts ore rend from the cupve (ﬁm‘z@,;:;j,)'j_gggg 81

at 1600 obinined from the prosent work and choun int Fige X&. The
rasulting eilieon activitics nnd Ko, at 1600°C hove hien nged
to ealoulato valuas of ‘531(3;; and these ave c¢ollected in %able 1V.

Valuce of 8510, ot lﬁﬁﬁzﬁ have algo baon taken from the
tarnayy diagram of Key and Toylor along o line corvesponding to
317 Blothe Both sets of datn are ghown $n the cupve B30, VO
whe % 840y 1n Pige XILI and are peen Lo be in good agraemend.

Tha point at 237 silicon in Tablo IV corrosponds %o
Cequilibriun with cilicon carbide and the acbivity of pillcon ab
thie point hag hoon caloulated Lrom the free conargy equation for the
formabion of eilicon carbide.

B(L) + O(gr) = B30 A% = «R6,000 + 674 T

The polnt is marked in Fig., XILI and do in good agroamant with the

@ a
éda of bobh Koy and Toylor and Chipnan ob al «
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