A THERMODYNAMIC STUDY OF THE S ILICON-OXYGEN
EQUILIBRIOM IN LIQUID IRON.

THESIS

presented for

The Diploma of Imperial College

by
J. F. Padday, B.Sc.

February 1951.



ABSLTRACT.
The »enction

2 Pel + 54 = Siﬁa

+ 2 Pe where K = (Ea@)gcﬁia
doss not crprese cdequotely the forrcus oxide equilibrium
with giliocon in liquid iron. The tot:xl sillicon ouncentration
meapured by snalysis ip lurger than tne smount vequired |
0 aatisfy the eguilibriua congtand rwiﬁ%ianahig
E= (?a@)2($i;. This disorepancy in the ailieon content
Anorenpes o the oxygen pressure of the eysbeam increcses.
The product {ﬁaﬁ)ﬁc833} wse determined over tha‘raaga

3

of ferrous ozide sotivity, 2.0 to 40 x 10”7 wi«, for

tamperatures from 15§6¢@» 16 x?aa@a‘, ad aﬁg intorvels.

fhis product was found to ineresye linesrly with inorecse
of ferrous oxide sotivity nt éﬁn&t%n% teaper: ture.

The diseorepincy in the silieon content is interpraeted
in terms of the presence of diesvlved silicon monoxide
in the liquid irom phose. Lhe totsl silicon nslysed is
regarded 5 the sum of the dispolved pilicon apd gilioon

prevsent s silicun momoxide. The rescidons expressing the

equilibris ure represernted by the equutions:



FaC + 33 = 340 « Pe PR Kl = (Feo) (S0

" b ia A ' .‘ '
Pe0 » 910 = 510, + Fe verse K, ® 00 0)(500)

Zhe experimentsl duta obtained allow the equilibrium
conptants of the cbove yesgbivne $0 be determined, and
wlge their weristion with Senperciure.

The aiaﬁﬁﬁrdxfrﬁa energy chunges f£o0y the two resctions
are derived snd odupured with the dats obtuined by other

HOTEOrs.
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It is desireble th:t in the process vi steelsrking the
quﬁnﬁiﬁy of evch gonptituent present shculd be sontrolled
80 that the steol produced hus the desived properties.
20 nchieve this end 1% is neoeseary %0 huve & Knovledge
of the thermodym-mic propertiss of o:ch of the resctions
involved by the constituents. -

Huny problems exiet in steelmiBing on & plant geale
gueh 28 unegquol digtribution of one of the cwponents
in the liguid or slug phose. these yrﬁblém& mwy be overe
come by conluoting axgarimaaﬁévﬁn & lobor:tory sesle snd
thereby reducing the sizme of the melt %o more mange:ble
proportions. Alsv, sbhen such experimenis sre aéyrieﬁ cut
in the laborutory, aich of the varlebles m:y be controlled
- mueh nore tlogely.

Cne of the awoet dmportsnt Ioelers controlling the
progess of steelauking is the nxﬁg&ﬁ oontent of the stael
in ezeh ©f its sloges of production. The cxygen content
ean b, ont ie, reduced by the warious cupstituents, c:vbon,
manginese,; silicon, phosphorus, eto., the degree of |
deoxid: tivn depending on the reletive deoxidising powey
of the constituent. 9his relutive deoxidiping power is

veuts npuessed by evmpuving the stnderd frev-energy



h:nge Loy the generl resction luvolving tne reduction
¢f feorrous oxide Ly 'emm of the substoncea. |
| e+ H 0= 5O + Pe
In gﬁmml the atondszd free energy chinge £or a re:otion
ay bve &i@ermima in either of two waye: directly, fron
en experiment:l determinition of the equilibriun constont
or aelectricald mwammw, or indirectly by esloulution

from hests of revotion spd entrupy spd speeific-hent dnts.

the Indirect jethud. |
The Von't #oLf Iscehore relotes the wariation of the

egquilibriun cvngtunt with tempexcture o the heut of
rezaclions »
d1Ink /4t = Aﬁ/&ﬁz
A H ip the heut of reugliun, which sy be expressed
in terma of the specific hests of the z:m&aéam and resctonte
by the Kirchoff eguation.
a(pB)/ 48 = A%
where ODCp = E % {predugte) - T cg { renotonts)
D § o is umnully m@mweﬁ in the form of the egquotions
AE’;P m Do AR T o+ DAY Teeinnns
the congtonts A« , A B , opd Ay being derived

from oorresponiing equutions that best f£it the plols of %



3
ugrinat temperature for each of ine #’me‘t&zm‘;@ and products.
Integration of the K:&?eh@ff equation gives
AS = AH, aspr . ar
snd the isochoyra muy be mx‘m’wm

d{log.X} /417 = B, * e‘:' » ﬁg % P....Y
2 K 2i SR

WE

whioh when integrated gives
Def x v
InE = -AH /RYK 5385 + AR 2/2R +
‘Ax ﬁag’&i sess K

or -0¢° = 22 Ink = -0H, *DdT In T + apré/2 4 ay13/6 + 12
sopetimes this egustiin is bevter expreszed in other furma,
goch of which in governed by the form vf the speeific hent
sguetion used for the partloipsting mierisls.

uunbstitution of the ammﬂﬁa in the abive equation
will give ihe splandard fres energy chmnge for the reagiion

congidered .

The Diruct lethods.

For special types of reaetions involving slectrolytes,
the free energy of rescbion msy be determined by messuring
the L.k.F. 0f 8 reversibls cell.

I the equilibrium conotent of « resction is determined

esperimentally at eome tespernture, then frum it wiy be
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calonli:ted bthe free energy of resciion Lo th:d tempersture.
A study Of the equilibrium constent over s tewperature
range will provide the heat of repctiuvn for that range
andl the entropy changos

the relation between the stendar: Eree enorgy of reaction,
tha abaﬁlute temperature and the equilibrium constant is
given by the reaction isotherm. The valuse ¢f the ptandard
free energies of reactivn calonimted from the equilibrium
constants are plotted againet the absdlute teuperatevre.
From the grnﬂianﬁ and &ﬁterasyﬁ of the sireaight line plot
obiained, the heat of remotion and entropy Me: may be
gstimated according v the relsticnship

AG = DH o« 2405

$he equilibrium congtant lo wsually oxpresced in terne
of %he‘aamiviﬁiea of the producte divided by the activities
of the reactants; the activitise being reised %0 the poist
indioated by the reachtivn equation. The aciivities are
‘mauﬁiiy axprossed as partial precsures in gho renctliona
ané,&vaﬁl fynotions in resctions in scluilon. @ftén
it ia convenient to exprass conceniraiicns in terms of‘
weight peresntoges snd, providing Yhe unite of eonceniration

are cerefully specified, this lends ¢ no sericus error.



feizht percenttges re proportionsl o mol frictions

eily 4L the denpity of the phase in which messurenmerts - ve
sade does not alter when the concentrution ¢f one or %hér
¢f the wnﬂmwm% ds sltereds This Spounmpbion w:y be
mede only for relatively amll concentreticn ronges.
Throughout this work, oncentraiions will be expropoed in

torms of weight percenteges.

The melting pe&nﬁ: of pure iron is 1‘339“@., and 4t is
sguilibrium in the liquid iron phose abuve this tempersbure
th:t iz tv be piutdded. 7The crucible will slwoys suturante
the irtn with the subsitonece of whieh 4% is formed, oven
though the mmm‘: tion oinceniration sy be vanlshingly
pasile wilica m&imés, in gonnrsel, Wre used ag they
- 4id not introduce Bny substence in the liguid iron phase,
other than wﬂiw; which wug clresdy a participant in the
equilibrium. The three phrpen present were the metullic
liquid phoge, the solid omoible phuse and the gus phose
which forms the ninvephere mﬁ'mnﬁiﬁgg the nelt.

The porbtinl osygen pressure in the furnace atmosphere
mey be used v ¢aloulate the ﬁ%x;;ﬁwity in the liguid

[evr'oura oxide
iron. Por the szggragrw% ronge Of Ozyeen nobivities the



purtisl uxygen pressures in %ha guo phuse nye too zamn

to be cuntroiled by the direct introduction of oxygen ot
doy pressures. bub suldtable presgures sy be obivined from
the dissociation of witer mbwr. The oxygen prossur e of
tha aym@ vos conirolled socurctely by usling en 8lmogphere
of hydrogen with cuall cwountc of witer mpmﬂha UXyzen
proceures used were aleuys high enough €0 preveni the
reduction of the silio: eruclble t0 Lree esilicen.

The egquilibriun between the throo phapes will niw be
cinpidered from the atendpoint Of the phase mi@. - The
number of degrees v fresdom £for a chemicsl equilibrium
is not determined by the number of couponents solely bub
rather by ithe nusber of independent cospinenis. Ihisg tern
is defined 2g "the minlmum nunber of componenty the presence
of which ig nocessary snd sufficlent for bullding vwp the
gystan wiﬁﬁ@u‘% mw%m@w the proportions of the phupeg.”
(#. Schenck. ! ' '

P ﬁ&!“‘im}a :
The fam.awmf@, are the vesgbions dnvolveds
aﬂgémgﬁa*ggﬁﬂtﬁatwno(&3.
{‘ia {gre) = 20 (dissolved in liquid irom (2)
aﬁ‘&@ﬁa‘”Q?E& actu&"n«-co{fﬁ)

54 {dipsd.) *R0 (dissd.) = 510 (dissd.)+® (&)



G40 ARG mf’iﬁﬁgi‘&qa»ﬁno-a“‘toaﬁa(ﬁ)
(Alwade)

The number Of indspendent cumponenis is olenrly Zour.

By spplicetiun Of the phipe rule, those phiges olwaye
being present, the nuaber éf dogrees ¢f freedon nmust M‘
We&». %’h&é@:—» gy be tomperature, pressure, unl {he
congentration vf one of the couponents. ﬁ‘ixing ¢f those |
wirisbles defines the systen cospletely £rom the phase

ruls viewpoint.

In the paat the ailiecon conlent of molien dron dn
eguilibrina with ferrous oxide nus besn mpraﬁ@nﬁaﬁ by
the following resotion: |

2 Pl + u3 = :3:%.03 + 2 e

A. L Pield (Trons. Poraday 50ce, 1925, 21, 29%) woe
the Lirvet investligstor 0 try w obiain the muilé.‘briwn-
conastent for the above resgtidn. Proa the spalyses obislned
by B. Stoughton ("Hetellury of Iron und Uteely 1932, P»146,
Her York) during the emmé of one bugle eymhas.sww het,
Pield dexived the ssmﬁum (Eai})z(sn, where (ui) wis the
totu) pilioon axlyeis und (Pel) wip the feryous oxide
concentration derived frop the solubility product of the

menginese roesction.



Mn + Fe0 = Fe + InO
This solubility product wag derived from themtctal Mn
content and (FeQ) obtained from the data of Trition and
Hanson (d. Iron & Steel Inst., 1924, 110, 90). The
measurement o0f temperature was not accurate, ondy the

estimated value being 153000. The value of (FeO)z(Si)

4 when the (FeO) is 9.0115%, all’

is given as 0.17 x 10~
values being expressed ag weight percsntagés.

At the same time A. MoCance calculated the equilibrium
constant'forzﬁhe reaction from early thermochemical Jdata
(Trans. Paraday Soc., 1925, 21, 175). "He obtained a wvalue

4 a4 1600°.

of 0.56 x 10~
C. H. Herty end G. R. Fitterer (U.S. Bur.Min., Min. &
Met. Invest., Coop. Bull. No.36, 1928) investigated the
deoxidation of liquid steel on a laboratory scale. Small
ingots were made at a témperatuxe gomewhere near 1600°C6
and the ferrous oxide was determined by 2 modification of
the Ledebur method previously used by the same authors
and their co-workers (Carnegie Inst. Technol., 1927, Bull.

No.34). The gilicon content wag determined by the Dickenson

extraction method, which gave a fotal silicon analysis
less the amount of gilicon present as inclusions. In

termg of weight percentages the constant was found to be



1.49 z 107%,

Go ‘. fHeridy, '&; P ,i‘:hrmwghem and Re T Stewart {Cornegie
Inat. Technul., 1930, Bull. Ho.38) obtained ﬁm@%ﬁar vailue _for
this eg_ﬁu;&wm cenastont updng the some method of f.i%ﬂ%}iiyaﬁ,a
s did ’%iam‘&y“iimﬁ 3‘1%%#&:* {10¢. 0ibs), bub the saamples
were Luken Lrun w@ﬂmn‘&&wwﬁm out on & plant scale.

The eonetint wss now found $0 be 2.07 X w‘“"" gor o ﬁamgamtwa?
in the region of 1500°¢. | |

C. H. Herty, G. R. Mibterer and . 7. Christopher
(Usie Bure Edns, 1931, Teeh. Fupar Ko.492) oliimod thet
fhe average of -ma@sl labvoretory vresult asd the plant-posle
regult £or the ﬁqmﬁibmum oongtent would give aa sccurate
estimate of the volue of the eemetant for the reaction,
They suggeated thot their result wig higher than that of
A. L. Pield (loe. ¢it.) decsuse he did not take the
premﬁmm of satuorating hisa' im with pilice. The uvernge
‘yesult of the two conpionts wus given se 3.{65 z2107% in
the range (Foi) between D05 &n&”e.@h |

He chonek {Archive. Zigeuhlttem., 1530-31, 4, 319;
stahl u. Sisen, Dusseldorf, 1931, 51, 292) investiguted
the equilibriuw ©f the two reactionss

¥n ¢ Fe0 = Em0 o+ e

g4 + ZPed = x‘«.‘swg + Z2fe



30

Ihe eguilibrivug constonte £0r ecvh weuotion were mloul ted

£rou experimental dutn on the usoumpticn that the lin snd
54 were contudned dn the slug msdnly s the orthosilie:te
R840 4 souples were tuken from wodd Glenenseiinritin
fusiong 'z:mﬁ_ Besgensy Counverter fusions, at tepermtures
bataeen 35%%. Hud 2.6"2@%. The ozygen «nd silicon were
determined by orslymis end expreseed in tome of welght
percent:gon, giving sn equilibrium constant Of Q.28 ond
0,044 x 2074, % tesperatures of 1606°c. ana 1527%.,
ragpootivaly.

The wase worker later (The Physioil Chaslatyry of
steelmiking, 1932, 1, Berlin) derived this constant from
t&xam@&yﬂémim duatue The three phipes silie, metnllie
golution, ond © gapeous phuse. Ihe oXygen Dressure dud
to omygen in the iyon phuse must udfust iteell o the

volue fized by the preasnce of free sille:.
i
(

PN Y
B,y = {Pal)"(84) = 2 bi}m’
. -

Pel

where 7! is the disscointion of pure silics, D__ . is the

PaC
dispogintion conptapt of ferrous xide in metallic polution

and {541) —
ahich amet be 1007 s wilicon is scdluble in all proportions

ip talkeon s the exious pilicon cuncentretion,

in liquid izopn. 7The value derived by this method wos



2:.% % 1@"4’ % & bemperature aﬂ-l%ﬂﬂm

2. Korben and 7. Gelsen (Uitt. K:iser7ilhelumInstitut
far isenforschung, 1933, 13, 271) made 8 study o the
yelative deoxidieing povers of slemental mngonese and
silicon in liquid iron. The equilibriun messurements were
derived frou the unslyses of smll ingots eontained in
speodally prepured silic: oruoibles and covered with a
8l:g phese. |
| The equilibrium wn@%m of the resotion involving the

reduction of silien with ivon $0 diesolved silicon wis
expressed in terma of the aqusre of the concentration of
ferrous oxide in the slug phase ond the Bilicon content
of the liguid iron phages The oonptant ao ohinined was
nodified 0 exprese the resction in ithe liguid phise by
including the partition coefficlent of the ferrouc oxide

betweon ths slag phage am the ligquid phope. The modified
| -4

constapt obtained et the tesperature 1600°C. was Tel x 10™ ,

the oxygen oomtent of the iron was debermine: by the
voounn fugion t’sahnic;ua apd the silicon by direct amilysis.
o »btempt wes mode in this lnvestigatlon tO gcntrol the
furns ce ntmOsphere or 30 amm that egquilibrinm wse

obtsined with the atnosphere.



A e Porbtovin snd B. Perrin {(J. Ivom Steel Inot.,
1933, 27, 1’33) mide sn extensive uzamiwetion into the cause
of inclueions in steel. In this work the silicon content
of o sample was reported 28 020" for = ferzvus oxide
wﬁvmy of G«0% in the region of :z.m"e» These ragul ts

ywamea_zm aqmiﬁr&um amwm uf 6 x 3,{3“4

at this
tanpermturo.

The next a%‘%émﬁk nride w:aé thet of J. Chipmn (Trans. |
Amer. Soc. Bebola, 1934, 22, 420) who el eulsted the value
of theegquilibriun cunsiont from the thermedyremic dsis of
Ke Ko Kollay (U5« Burs ine, 1932, Bulls FG.3530) and of
§. 4. Roth (Haturwissenmchafen, 1931, 19, 860) for the
rezotion:

2 Fe0 (¢ 4n Pe) ¢ S4 (% in Pe) = 2 Pe (1) + 510, (8)-
z?rém thess 4a%: the atundurd free energy of resobtlon wap
cbbaineds

86° =« 142,440 + 56425 %
. 600°C. gives an equil ibrium

whioh ot & femparsture of 1
congbant 0f 0.48 x 107«  Chipmen did not clainm great
sooursay ond puggested that derty's volues Of 1449 = 1.65
x 10™% were vebter estim tes.

% Oolgen nnd G+ Kremer (it Enlsor~i jlheln-Institut
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fur Fisenforschung, 1936, 18, 89) rec:leulited the eguilitrdum
conptant £ron selected dats in the work of Korber nnd

Oelwen (10ce oik.}. The value of the constont arrived ot

wim 11 5 2074 ot 1600°¢.

e Goheneck sad U. Bruggemenn in 5 survey of rezoticm®
of intersst in gleelacking entitled “Investigntione of
span-hesrth prootice” (Archiv. Risenhdtbtenm. 1936, 9, 543)
reported on some test serplea taken frim an soid cpenw
hearth furnace. Ho indication is given Of the tocinigue
used end the volue given for the conmtsnt is given cs
3455 % 1074, at o temporeture of 1600°C.

Ae loCunes (J« Iron & utedl Inst., London, Gpecial
Heport Bos 22, 1538, p.340) showed Wwt fwm Eorber ond
Celsen's results the heat of roaction for the equation
- gonpidered wus 148 kge-oal per ge-wol. Hovever, the
heat of formmtion of silics epd ferzous ®ide would lend
%0 & hest of resclbion of oply 7845 kge-ool per ge-ndl,,
ard thie difference wos atiriduted by licCsnce to the heat
of polution of ferrous oxide in liquid iron. When 8
correction wip made from the equation for the hewt uf
solution determined by Korber -nil Oeleen, & heat of resction

of 138 kpewenl. por ge-n0l. wos obtained, which ig in
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sutdefctory agreement with the value obluiped by direct
determimstdons o
E+ Berasymenko (Irans. favadsy S0Ce, 1938, 34y 1243)
Wﬁa sn investigution of thie remcilion by _ﬁékﬁiﬁg"gﬁm@im B
with n lzdle from the hesrth of an seid open-henrth i’éwmw.
Tempers ture .W*W@#;&na ware uxde for the emissivity of
the dron und for the ooeling thet inevitoily ‘W@k plﬁ% |
as the sample wos wzwma.' an seoursey  of i 10%. being
claimed. The equilibydun 6@:;&%:1% ﬂ:e:v fsm reduction of

ferroun oxide by dissolved silicon wig expressed in teras

of the silictn ountent of the liguld phnse and the ferrous
oxide eonbent of the mlug phuse. Coryrection wes then mude
usdag Kgﬁaw apd Celsants purtition Lunction av thad 'Bho
copptont ovwld be expreswed in terms oL the ferrons oxide
eﬁnwwwtmn oFf the lizgui& phages The @m%nﬂs et
caleulated 0 be 11 x 26™% at n tempormiture o 1600°C.,
for a ferroue kide concentration of C.087 in the liguid
phase. -

Ie Se Dorken (frons. Inet. iin, Hetall., Lendon, 1540,
240, 204) mde %zn a%w%#t- éﬁlwh%m the equilibarium
eonatent fron &.knama&go of the ptapndard frec emergy of

recotion for the following reactionam:



g’ =1 (2) 26°% = 224,400 + 2398 T

54 m » "’a = sw (s0lid) AGY = «213,680 + 46.61 7

2?.‘_ o = gg} e .ug a6Y = ~27,080 + 22440 T

where 5i' refors t0 silicon at unit sotivity ia liquid

Ardne
Fron ﬂmma throe egm%aw utiy ba derived the mmfms

2 ‘&*a{} - éi w 52 Fo {1.) + 540, {wodid)
where OGS = w&ﬁ@g?’?@ - 92-59 z,

fhege culenlnatione produced o am@mﬁ of ﬁql a 3.
Darken ~lee found that when

o4

3% @ %wam"mm of 1600°0.
the isotherms dorived by ciloulsbions wers compsyed with

~ the experimenisl results of Other worRers verxy liltle

agreement oould be found.
The next significant conbribution won thut made by

Zupfio und Sise.
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Cs Ae Zapffe ond Q. 8. Sine (Trene. Inpt. din. Hotall.
London. Tech. Puper 1498, 1942) were the first workers
t0 aske & pystematie investisation of the aﬁicémnmgm
equilibrium in liquid iren by direct meisurement. Their
resulte were buped On mmﬁm\tm messureusnts of smll
ingots econt:iined in silie: erveibles snd surrounded ty
sn atucaphers Of water vspour cnd hydrogen.

A hap slvesdy been ghown, provicus investig:tors bave
not sttespted sn Investigotion of the Seolated ayﬁtsem,-
but buve bugad 'ﬁmir conclusione on dats derived £rom one
or other of the following sourees. Une of these mathodp
iy be desoribod us the evalustion of the heat content
change by spplication of the Hermet low und subsequent
substisution in the invtegroted form of the Van't Hoif
igochore., The uther methoed wue thnt of determining the
equilibrina constont by messurement of the concent r ticns
of gilicon ond ferrous oxide in somples which oomizined
nt leust one or mepe other congtituente onch 88 INEINGBS,
sarbon, etc.

zapffe and 3ims controlled the fanmuﬂ ozide in the
liquid iron by using sn zswﬂnphwev_&ﬁ hydrogen ¢ woter



i7

wrpdure Sueh gos aixtures onsbled the very semll Osygen
portinl pressures $o be obtsined ind eentrolled with
compayative etges The water mai:«&m‘ aonbent ¢f the hyéiw@m'
was peinteined by s}mam@,’ the gue tézrmgﬁh g3 turs oy
samdloy Go '%iim desoribed in geotion (27 éff thie thesds.

Relisble teaper:ture melsuressnts were m:de by focussing
a telidvrited pyroueter through s priea uad on the awince
of the wolben irone Purihermore, mw:fw%s:a susdynie o
the dpect for pilicon was obb:ined by clesning its suriface
free from 2dhesions.

7hben the stsndsrd free energy of rescbion iv to be
found by mecsurirg the ogquilibrius ounstent of the re: @'&iém
it ds of poymnoant inportancs thot the concenitvrations
perpured ghull be equilibrium wilues. Alﬁhﬁﬁ@ﬁ guch @
slstement wry be oongidered obvitus, mwny wsrﬁwré on
simil oy systens have tended in the paeb 0 cssure thut
sguilibring eonditions vre resched with ooupr-tive euse.
;ﬁfsﬁp;ffé apd sims mede un ﬁwmﬁ to ebtedn eguilibrimn
gonditions in theiy m@gwuﬁ&mﬂw; but i% peoums unlikely
f£ron their rewulte it they were ultogether succeseful.

The meshed vaed by bheoe workery $¢ show thut sguilibriuam

wus rosobed wig thet o messuring he $0tsl wilicon cuntent



before and afisr selting in the contreiied aitwoephore.
if the pilicun oontent wig Lound W'immwa during the
course & bhe run mn it wog sesumed thoel equilibrium
weg nob resched for thet pardicular ferrous Oxide notivity,
and o further run would be carried eut wilh the sume ferrous
exide activity but with ap inercused amount Of silicon in
the dnitinl chorge. Thde procass Of gilicon additiong
wog cuntinued until 1o fur ther increcae $0vk place durdng
the oourae m&" B Ul

The reverse rescbion wig detected by the silicon cinient
of the melt deoreising during ﬁm courayg of ro.ction.
By suitobly «dfupting the Bilieon ¢f the chsrge the
egquilidvediwn woe spprocohed from the other Airection.
The eyrdr Supffe ond Sims mode wag mss;% thay never showed
thst eguilibriun wop renched with safficiont uccuragy.
ihe mel tp vere mxiy hested for = peried of vhrse haurs st
- bemper ture and gouetimen »ﬁﬂﬁﬁ lsss, bub no sttespt wos
mide o shos thst tuip peritd wis sufficient 0 enmure
thoet, from the spproxim:te approsch made by the additions
of pilicun, %he equidlibriuwa wos finslly resched. Lugh
an neeuaption thel equilibrium wis reanched oun be wude

only when the r-tee of recotion are knoen 40 be rolatively



highy fmﬁ in this loveptigition ne atiempt wea m:-,u:&ai 40
mesgure thess resgtivn rates. Un such a premise the
repulis ury be ex:mined further. |

The relatiopphip votween ghe-wﬂﬁar vupour oomtent o«
the hyﬁragﬂn mmﬁ the ferrcvue xide %etiviﬁy 6f the neld
win Obinined from o knowledge ¢f the egquilibrium constans
for the Teaotions | o

Fe + 1,0 (gn8) = 1, (gun) +KO (5 in Pe)

The wolues uged were those obkuined by JQ Chipman and
Sis Ge Pontups (Trong. Asew. Sop. letals., 1936, 24, 313)
by csrefully eonducted luboratory waxperiments.

he results of Zepfis und Sdms' dnvestigeitlione are
shown in sebulsy form on pe § of thely @mpern Prom thege
ragulte ¢:n be cheerved the 1ack of éa@xaﬂueihzli%y of
silicon popncentrations fox fized wolues vi the ferrdus
ﬁxiﬁa &¢t1vity. Houever, from thege repulis sapffe and
Sime were sble 0 show that she produch afvihﬁ Bguire of
the ferrous oxide aobivity sad Shut of the %ot=l siliecon
goncentration was not A conetunt bul varied wish the
ferrous oxdde scbivity. Thie product wop meant 40 be the
squilibrivn oonatant the fa&c@i&n

| 2%e0 s 5L = 510y + 2 Po

The concentrstion of dron wes vegarded as unldty se it
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formed over $of of the malt, while the concentzstiun of
silien ecould slse ﬁa'r@éaraéﬁ o8 undty since free ailiea
wog presant in the crucible. ﬁﬁia.mxﬁe the egquilibrium
eongtant akkunaﬁinﬁ 6f the ferroue a&iﬁe setivity nnd the
silioon sebivity only. |

The setusl value of this ﬁagaiiihrxmm aematant“ waa‘
found t0 incresge with incresse of oxygen pressure anpd |
this wna ﬁﬁﬁrﬁhuﬁ@& %w.thé yrﬁaaa@a of gome fora of
éiliﬂén in the iron other %naﬁu&iaaﬁlﬁaé ailicon. 4w
tﬁ@ éxygam yw@éaura ¢f the syptem 1n¢reamaﬁ, 80 the
uﬂﬂ@cﬁ&m#aﬁ fér,part of tha‘ailiaaa conceniration wag
found %0 inoreuse in mignitude. Ihie led Zpffe snd sime
to believe that %ke ekxcess silics w#a«prua@nt in an

oxlddsad farm~a£ the eiemanx.
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This axﬁdiﬁeﬁ f@rm,waa congidered 10 be eilicon monoxide

in the liquid iren. The posaibility of the increment
being the conseguence of dissclved silice hnd to be
disearded, -8 %n@'aili@@ ﬁﬁﬂﬁwnﬁrﬁﬁiﬁﬁ was kept conatont

st dte ssturstion wolue by the presence of the sillo:

erucivie. 7The presence ¢f silicon monoxide belng accepied,

the reducticn of the ferrius ozide won pugsosted to¢ take

plnece by the two ploges:



21

Pel » G4 = [A0 4 FE sevcevesssassonvssees {1}
Feu » 530 = 530, + FO sevcsecroscsc-vonnnss (2)
Furthermore the $0d:l milleon unnlysia, (I $54) now hed
%o be differentinted from the silicon present se dissolved
gilleon, (54), ond thet due to gilicon monoxide, (54 w‘)‘
(Dud) = (54) + {msm) essoresnsne suee {3}
The porbior 0f gilicon present ua diseolved silices wop
ghoen $0 be negligibly swall.
The equilibriun constanss were defined oss
R,y = (re0)¥(54) emd K, = (2e0)(510)
Prom these ond eguation (3) the following identity wus
derived: | o | |
(wm@{(mz) - (& 131{33% : K g sevesrcnsanes {4)
also from K, (Fe0) (540), = (@e{?).ﬁ(aiﬁ}h cennes (3)
By substituting the wluss of (¥Feu) 8 and {:swyﬁ ebtcay
in aqw:sm%x (4) the iaqnmibrm @@mﬁﬁmﬁa wore solved
by the simulicneous equitions preduced, :nd in conjunction
Wi‘ﬁhl equostion {3). |
fhe results from iwo experimenicl runs were z.waa to
e:loul te the silicon monoxide ooncentrution sppropriqte
%0 cne of thope pointe snd "from that bosie velue for
(530) 81l other wilues ©f (5i0) immedis ‘ﬁél.? follow from

equation {3)" {(zupffe and 5impy s Ciley, P2l



5% i certainly true that from une value of {S40)
add ﬂi;:«wz* valass muy be %lmxmﬁmi, but iapffe spd Sics
give ﬂs‘% rongon why sach grestd aiﬁnifimnae aheum be
attributed %o one resull n@‘r‘ o they say which wulue it
is from which all others aré ‘aar‘maﬂ;. *;i*hiés methol of
:tn‘mrpmmmm wag elasyly %0 be mgm?&eﬁ e Waufsfaﬂwj
when no indication wue given of the relstive reliability
of the deids given £or the ferrius uxide vrd toknl gilicon
- concentrations. | .

Aecordingly sn onclyeis oF thelr resulis bas nov been
made, bused on the f&llwsng resotning.

From eguntions (:{) znd {2) reprosenting the reduction
of ferrous cxide by either of tWe resctions, the equilibrium

eongbunis wy be defined as:

fﬁr ﬁ%%ﬁﬁﬁ (1)1 Klw v fﬁﬁ . LEIEEN ENE R R R (5)
. (miyl(m}
for vemgtion (2), KZ L L ‘ evonvsadssen (T)
(760} (5109

end from eguation (3) ary be derived
(2 ﬁi} = {Si) & (bi@)tkw PaORRIe esow (a)
where ¥ is the preportionaliby faetor $o convert wis’ Qi‘:

gilicon n@ silicon monoxide v thné of silicon monoxide.



From equations (6) and (7),

.

and ‘combining this with equation (8)

2, | | '
-:. (FeO) (Si) ....VOQUOCOC...“....v.‘...'. (10)

1

K:i.K2

. (3330)2‘%({ Si) - k.(siO)% ceesrecsaass (11)

Substituting (S10) from equation (7)

L - (pecn@s iy K
£ % (F""O)‘i(zs“ - K2(Eeo.)$‘

which gives the identity

1
1’ T2

(FQO)z(Z Si) .R ‘lé (FSO) + K R L] (12)
2 .

If equations (6) and (7) represent the reactions that
occur in the melt then it is clear from equation (12)
that a plot of (FQO)Z(Z:Si) against (EeO) should produce
a gtraight line, from the alo‘ple and_ intercep’c of whi‘ch

K and K, may be calculated.

2
Plots were made from the resulis given, for each of thé
temperatures 155000., 160000. and 165000. in order to
verify the gignificance a%tached to Zapffe and Sims'
results. Fig.l shbws the plot of Zapffe and Simg' regults
obtained at 1600°C. On this graph two lines are drawn,

one of which repraéents the equilibrium constants of

zapffe and Sims, the other representing the best straight
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lineg v £it the pﬁin“ﬁm“ plotted. Ihe mebhod used 40 derive
the beet etrmight 13.31& LEL %:ix:gt of 1@:;#’%; BoUaPes, the Gern
kﬁmn ﬂﬁhgm@f%t&r &emmay bamg amaumﬂ ¢ be the ferrous
wxme wnm‘&mmm, ;z‘rm *{;im gw;;h 3% mry be asen hod

aB tm f@mm mm@ cswaeznﬁm%im ig inoyenged so the
product (ﬁeﬁﬂ (2 ﬁi} wmia %o mnrmm.

The markel differunce between these %o lines, representing
dapffe und ulap' constante und those obtuined by trectment
ghoar in this survey, iu =leo found 0 exist 0 s pimiloy
degrae with the mmﬁarma at :1550“6.. and 1630°G. Zeble I

ghows & comparison of thess equilibriux constants.

TABLE I.
REy éﬁﬁ&iﬁﬁ«*ﬁ
1550°c.  16co’c. 1830,
E,, (zapffe & sims) x 1070 0.42 095 2,15
B, (From tals survey)xiq™* 1.45 0. 605
K, 4ol 8p2ee & sims) x 107 13 25 48
g g0l fTon this survey)zlo™ =4 a1 - 53 109

The equilibrium constany Bgy 35 o function of the
intercept and s such wos found 10 be subjected %0 o very
nigh degree of error owing tu the fLuok ¥hot suwsll veristions

in the gradient osn ol ter the intaercept by & much sg two
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%0 three hundred mr cent. Such aémmam tionp louve the
gonatant withoud any resl pignifioxnce 0% wlls

fig. 2 ghows the plot of the respective sguilibriun
constands “gudngt the reciprocal of the ubaclute tespersture.
By smeuming these curves are i;%.nwzé gver the tespersture
mnge investigited, equotioma representing the free energy
change g » funetion of the tempersture may be derivesd
from the gradient nnd the intercept of these plots.

The theratdynsmic dcdn of fhe resulis of zf;zpfﬁe and
Sims mry now be W@aw&w&m the results Cbinined by
the stotisticsl trectment spplied in this swrvey for the
re:ction: . | |

Fe (1iquid) + 510, = S40 (7 in Fe) + Fel (* in fe)

where Koio = (510)(ed)

This ecapurison lo eshosn in Yable 2.

Theravdynemic prip., Zupffe & Sidwm  From this survey

Expreseion £orAG° = 94650 ¢ 38.7 i = 82500 « 33.8 @
Ae° & 1600%. - 22000 ge-c8l. = 19100 ge-sl.
Ag® w 94650 gemonl. -~ 82500 g._eal.
As® - 3847 gwaﬁlu,f’ﬁﬁ - 338 @?wwl‘f&ﬁ

An interesting consequence of Zepfie snd Sims' resulis
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wig their prediction of the t0%sl oxygen cmntent of the
iron. They sugzeated that the Uiygen oontent deoreaged
with decresse in ferrcus oxide aotivity until o miniaum
wse resched. At this minimam value the oxygen presemt
ap silicun monoxide wss equsl tu ths t prosent ss ferrous
oxide snd further reduction of the ferrcus oxide sotivity
produced sn inecresse of the totul oxygen combent. Sueh

a postulate invelves indisorimivete use Of concentrnbions
in plsce of notivisies when desling with milicon and
gilicon monoxide. | |
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In order to investig:ie the aﬂiwﬁb@xygm equilibrivm
in liquid iron it io necoss:Ty t¢ ObUain some eourote form
of control and seugurement of euch of the three virisbles,
temperutures g'e compositivn cpd pilicon content of ithe
liguid iron. | |

fhe reguirsd seupersturcs were Cbtuined by using &
aolybienua.-wound furnseey Hho temperature being m&me&
with an optical pyrometer. The « baoaphore mm'wn&%‘
the ingot inside the furnnce wes contavlled by saturting
.- 0Xygen-Lree hydmgm with adjusteble vavunts of water
vapour; nessuresent 0f the waler vapour pregeure in the
hydrogen wag effected by using either kutharometers or
o dew-point uppiratus. The €hixd verisblo, the silicon
econcenir:tivn, wis ndjusted (but not euntrolled) by“‘kha

addition of amsll amounts of siligon tv the charge.

The two types 0f furm.ces mmmiw uped fov sueh
investigs tions ure the m@lybdmmxﬁwﬂ i"mﬁwé snd the
high frequency induction furpsce. In this investigation
the mlymmuwaml furnece wop used.

A crosseseobional disgrum Of such o furnnce, vogether

with sdjioent Pittings, is shown in Fig.3. The furnace
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congists 0f un duter ovee of sheet steel the curners of
which sre bramed. The top is removible, being secured

in position by bolting 40 the miin cise. Excessive

leak ge of bydrogen =t the Join is prevented by pl:oing

s pilicons rubber gioket bhetween the tup .z:m:fi ﬁha Brin orpe.

In the middle of eueh end of the cose is welded &

4" dimm. Sube nbout 6 loung, end t0 the ends of each of
ﬁm protyading tubes are msm 8 dinm. flange plates
with eix suitably pluoed LOls holes therein.

The furs-ce tube is sesled from the surrtunding stmosphers
by & rabber @aské‘ﬁ (P) which is gumpressed a2galnat the
fixed flsnge by & further flsnge (B}, the two flange
plates being bolted together. Oooling of thess ends is
negespury in order 0 prevent pyrolysis of the rubber
gugket, and thias iﬁ’ aghleved by two outling chumbers (G)
fized between the flonges =nd the furnsed ceming.

The furn;ce tube m:y be wound with olither melybdenum
tupe or wire. Alihough both hive been used, the tape winding
wee Lovrd 0 give & &@a patislsactory sllertun’ periormince.
2he tupe naed wog Q03" thick snd One-eighth Of sn ineh |
wide. It wos wound on ap 18" length of 'Prinpgle R'
slunins tubing (K}, eﬁaﬁ%ﬁl diameter 3{%. ©Lhe topa wue

wound on this tube st 1% intorvals, i.0., with an eighth-
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ineh space botween @.ch turn, ond the totul length of Bube
wr:mzfzdmw& 16*’ Tha %%m ma wwaﬁ ux*?:e me?%z m&zl of ’ﬁm
tube by hm&ﬂﬁg with if;wvy Enn ga wxymmum wire and my
sovesent 0f the wire due Ho m&m:&w uf the iope un heating
Wi gamvmwﬁ by eri% the winddngs with o 19 Joyap @;2
alundun ea::’sm%a ’*“M& ﬁiﬂm wos bhen %}ﬁlﬁ in pogition ingide
the furnuce by aw: B of sudtobly leﬁmﬁ firebricka, ond
the m« agnm botwean the wmﬁm smﬁ the cupo wig
filled with fire slumin: powdew.

Ogddntion of the WWW tupe wh "k&my hig;n Leupers tures
rosched by the interdor of the furn:ce was prevented by
preaing » siresn of hydrogen theough the oueing. 5 flow
of «bout hilf » li%re s hour wie found suf ficient bub
this wee inere:gsed 4o dwo litres sn heur for tezpembures
above 14%1- This gae sbresd woa possed in dhrough fwo
*ﬂubes-wlﬁaﬁ % the mide of the cige, nnd oxoess gne
esciped through the orccks and ie%a:«ké inevitoble in gueh o
furn.cae | |

- The tupe owle were pessed through the furpsoe crading
by insaloting with porcelain fermules plugged with sgbentos
wool =nd eavﬁm with slundua cenent. ZLhe ocurrent wus
supplied tv bthe windings frowm o "Varivolt® {trensformsy |

oide by the Gresbss Treneformer Uoupasy. The surrens
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passing through the ;?u;fna ce could be conveniently_ ad justbed

-.1 H hy variiation of.th'_e vqltage} Obtained from the transformer,

| _"qhe sé;onda_zfy o_f which was"'tapped at two-.volt intervals.
f.l.fhe current p’aasgd wag alwéys im the region of 25 ampsg .,
the mximum néve:._being allowed to go a'bo";?ja'BE amps.

‘The fumade tube (1) ﬁhich contained the charge and
through which was passed the controlled atmosphere, was
made of recrystallised alumina as supplied by Thermal
Syndicate Ltd. At each end of this tube were fitted
rubber bungs (C) held firmly in ‘posiition by wooden saddles
(B) which in turn wére held_‘by two long bolis (D).

Through ‘Ehe bung at one end of the furnace was paésed.
a "Pyrex" glass tube i d:.am., and to the end of thig
tube a microscope al:xde wag sealed with picein wax, go
forming an observation window through which the optical
pyrometer could be focussed. On one side of the glass
tube was seéled & gide arm, forming an inlet for the
furnace atmosphei‘e. |

The bung at the other end of the main furnace tube was
fitted with a short léngth of "Pyrex" glags tubing in

order %0 provide a support for the anti-thermal diffusion

tubé (R). This tube was made of mullite and extended %o



tha ma.ﬁdia of the fimm_m, it beinsz éupwr%& in Ate
Tryrax" fubae by 4 small mhbw 1ing. |

The e¢urrent ﬁmw ing through the furpnnce windinge wos
asagured by o YBong vealy' amweter, snd wop never alloged
40 exueocd 315 supo, which, wlthough sufe iwr “ruanping up®
' v‘&he furnsos 4o l{;ﬁ}ﬂ%., wig depgerously high ot kzigiwz;
tempers tures. lu congeguence the furnsce had %0 be hented
shove 1‘5&6%« rather slowly, %he maximun mzréem; oL B |
ampes bedng only wo t0 three wups cbove the holding mz*ran’é
for the fummice st 1400°0.

During the "running wp® the voltage drop seross the
furnsee windingo woeg ineresged intormdtiently ov Lt the
| Mrmz passlng wun meintuined ot the asxdmus of 35 cmips.
ﬁocam wop reached dn 3 %0 4 hours wnd 3.3(3&“@‘. ity n
giadl:r period. A% this atsge the run wop usually inwrmfs- -

ed ond the Purnnoe left st 1300°C. overnight.

Accur:te messuresents Of tomperoturs were required in
the ronge 1500°¢. to 1700°¢., nnd these were carried cut
by using the disappenring-filument type of opiicel pyrometer.
Such ms:sureuents sssumsd thet the feuperaturs of the
1iquid drop wus uniform within the iimits of socurs ey of

the determiw:tion.



ibe pyromoter wag sighted ac thut the sdde of the
grucible (5}}, Piged, wip Obaeryed toayough b%ﬁ the glnes
wéndnwla% %ha'anﬂ of %hé‘furm&Qﬂ, #nd the hole in the
redistion shield (H) ploced sgeinat the amé vi the m::ibia.

Fige4 is » clesrer and iarger picture of the way in
which the pyrosster wia get up . Feom it auy mlaé he &éaﬂ
the wny in which the current o the :f.me:ammﬁ wog gopplied
snd mesaursd.

The filament ocurrent wag supplied by ¢ builery of
three 2«volt cocumal-tors «nd varied by 4 resistonce box
aonnocisd in aerlies. Frow = kanowledge of the volituge
dxrop woross 4 fixed reglatunce, emnnaeﬁwé L geries wiﬁh
the oireult, the ocurrend jpogsing through the filament could
be ﬁbﬁﬁiﬁ@&c This velilsge drop @&ﬁ mawéu&aﬁ gither
dircetly by mesng of 2 vilitaeter or uire wgourstely wiih
¢ potentiomeier. Ubilising the potentiometer, vsriations
of 2°¢. were readily e’&wm’i&l@;

Calibyation ¢f the pyrometer was esprisd cut by pletting
the oooline cuarves of both iron apd niokel. In the wegion
below 1450%. a platimuz plstimumerhodinm theraoeduple
Wiy useds The cooling enrves of lron nnd nickel were
obiained by plutting messurements ofi the filoment current,

taken ot helf mdouse intervils, agoinst time. The
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welting pouinis 8¢ Obinined were found %9 besr o ¢lose
relation %4 Phe mﬁmpﬂamﬁn aﬁf'%m calibretion curve
c‘b%i&aé& e 1%@?@%@@% tures using the thermocouple.
Any5 Myarwm fron blockebody vonditicns of the redistor
will pov produce error providing the depsriure is constunt
for euch meugurenent. Such error weg sveided, ':rza the
e1ibpation wes msde directiy o the tespersture of the
melb. Fhe pudistion shleld pluoed syninsd "m\a crucible
proventod radivtion £roa other purls of the furnncs
veing reflected off the side of the crueible. Ubservation
of the melting point using transpsrent crueibles g}r@eﬁum&
s geldibration differing Ifrow th.t ﬁsb‘%#i&a& fron eouling
ourves, but the @@eﬁlmg;cmﬂa pouints were those cunsidered
to iza uexe reii&zbm and 8o %wré ugad in the fimml

eallibye Gion cuIve.

Phe Epthoromneber.

The smlyeis of & gos mixture iy be mdle by compsring
its themml conducbivity with thet of some stonderd gis.
The kothorometer is =n ingbtrument e&;mbm ¢f detecting &
difference in therm:l conductivity in W0 gio stretns
instentunedusly. 4n apslysis by thls method can be asrried
out oply if there is sutficlent difference in Sherml

conduetivity betwsen the ocomstituent gises. 7The
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eﬁn&uativiﬁiaa of Wé%&r v@$Gﬂ@3Eﬁﬁ hydvogen differ cunsider
zhly, 8¢ het 8 mﬂwmwwm of aosll gquintitien o witer
yupour in h&ﬁrﬁﬁﬁn mﬁy be ospried sul welng k. $haromet ere.

The Qdagrenm of o kﬁthmramatér ig ghown in FigeHe The
apzlyser eospsaees the themuwl cémﬁmeﬁivﬁ%& 0f the "wet?
hydrogen with’thwﬁ of pure dry hydrogen by g&éai&g‘ﬁ
streu uf esgh uf Bhe gaeéé throwh on Hetube in the
merner shean in the di&gwamm fhe aeclel ends of e:zch
of the Hetubes contoin elementa ﬁ&nﬂs@%aﬁ 80 thut euch
fopme sn s of & Shentstone bridgze oirenik. [These elesents
consiet of pletinmm s;aix&a%le oo ted with » mm 1 yor of
gltiee and are hanted by » ourrent 0f 350 miliiamps. This
current wga'aaypiiﬂﬁ by o bm%taryvafgﬁhmam 2 V. accumuistors
triokle-chorged fros the D.0. nsing supply (see FigeT).

The current taken from the sommulatoms wis never :llowed
to exceed 50 uillismpe.

&ﬁﬁl&ﬁiﬁ»ﬁf the gie cumposition wap mmde by ae.euring
the extent to which the bilinee of the ‘heaistone Wridge
circult wip dipturbed when Yhe gis of grester conduotivity
lowexrsd the tempernture of the &pérﬁprﬂg%@ apirale apd
hanaavﬁeé$aaaaﬁ'%h§ir repistance. Jevivtiong {row bilancs
o the electricul ocircuit wers me surcd with & *Igpe B

panbeidge recurders This recorder iu capebdble Oof ghowming



the deflection, wnd nla¢ recoxding 4%, in the forw of »
trace mide up of poinmie tzken at one-nimuce interwels.
twe hatharomebers were used f£or these iﬁvw*ﬁi@ati@w, 2
ench Gf then gzp onlibroted for the partial w!%rwsapom?
pregsure in ihe "wed” alde of the snxlyser.

Before any nomrite tests could be wade the aconmulators
had 60 be left running for =t lesst > week, hydrogen being
eirculsted through both sides Of the Matharometers. The
gurrent gpﬁwing through the slemernts waeg then sd jusied
by switching the recvrder om Pieat" und verying the
resistunce & {see Flg.T), unbil the glvonometer showed
zere Jeflection. In bais wiy the fllument current wog
stendsrdiped t0 gomo ayblivory ﬁmﬁ wiﬁa by compiring
the volbugs dwvop s:uzr%@ o repigtinee sguinst the voléuge
of o ptendnyd cell.

The filsment ocurrent hoving been set, it wsg then
necessary o bulenes the Theatatone bridge circeuit. Dhie
wos achieved by puasing dry hydrogen through both sides
¢f the snalyser usnd then, with the galvenometer switeh
on “rogord®, the resistuoncs 0 (Pig.8) wasm altored until
the golvenoneter shéwed zero deflection. After these
s@justmontes hud been msde ihe kathirometers wers rendy

for mecgurenents of the jherml conduebivity wiriasnce from
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teit of the stundaxd guse

Bydrogen conb:ining Waa*%a:’ vapour picked upy L3004 &
ﬁatmwr gontuining B eatam%d wﬁ&uﬁi&m‘ 0f mmm |
chioride wis prased i;hi‘wga the “wot”® nide Of the
knthapometers ond then through np osnalysls train. The
_woter wpour wos ubporbed from the gus strean by, two
weighed tubss conteining "Anbydrons®. The dried hydrogen
wsg then puisped z‘siarwgh s gtanlard gop.metor which mesaured
tmv-tﬁﬁ:&ﬁl voluae, af rodn 'aneﬁmm, of gns prased. The
tobnl wolume of hydrogen, corracbed 0 amﬁiﬁicm oL
phandord tespersture snd pressure, w:s used 0 find the
nusber of gramn~nols of ma gre preaant and thils walue
together with the nwber. of gramezela oL weler vapouy |
sllowed the rutic of the pariasl pressurcs of wuler
vapour and hydrogen 10 be onlouluted. L’l“iw. g:a flow fop
eueh calibration polnt was run for sever:l houre, during
which time & conbinuous tr.ee of the ghlvanometor deflection
wng mede. From ealibrotion poinits obtiined in this way
the plots shown in Fig.8 were consirucied.

fhe ksthorometers were used $0 messurs purtisl precsures
in the renge O $0 15 mn. 9%he error never excesded C.1 ma,
spd this errer in the range mopt Lfrequently used (5 Lo

15 mm.) conatitutes sp errer not exceeding F.2!.
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200 geurces Of error were cxperienced when using
kethorometers in the mmnuer shown. Por Llow roven excoeding
4 litree/hr. otnsdstently low results were wbisined.
gorrection for such errors was made by presing dry hydrogen
through both sides of the ksutharomeber ot the regquivred
flow rate snd Shen Mﬁ&auww the gero of the gulvunoueters
This operntion, clbhough tedicus, wis necessiry for sny
nesguresenty made ot ench of the flow rubtes exoeeding
4 litros/hr.

A furxther souree of grror was introeduced by vori tions
in texpersture 0f the body and suryoundings of the
katharometers. Both emclyserg d t¢ be in ¢lose proxinmity

%0 the aclybdenumewound furnice in rder thaet the deud

gpsca o the evunegting tubes sghaald be 8 mindmus. Although
the kothorvomelers wore piluced below the level of the

- furrsces sufficlent heating of the naslysers took place

t0 préduce errorg. Such errors were Avoided by sdjusting

$he serc of the galwvunometer when the furnsce wos 8t

Yompars tare.

% E‘ira ”em *

Fig.9 shows the sppsrotus used for produoing a stresnm

of pure hydreogen 40 w« portion of which cuptrolled awdunts
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of woter were odded tfé pm:mé a ﬁwm&gnt furnioe atmosphere.

A supply of hydrogen wig @mimﬁ QWm ¢ oylinder of
the f*bxyggeaz«-fwa‘* gaa.. Zhis supply entered the syeten
m a fluek the ymaﬁur@ ef whioh wog m bll:wfaa by &
penoptat. The manoghut amm'imﬁ hy zma:w%m% of the
height of a ww colunn af ssmwx* up whieh mmﬁ: hydrogen
fw.a the £lsek bubbled.

The z:memm—-;atmbﬂmaﬁ hy&régm’ lf&aving the flapk
wig pigsed *&ﬁmu@h £ ;{fmmﬁ‘m gonts imngg palls digsed nsbesbos
and heated t0 = tmsmtu& of 360’3& Any vxygen present
in the g‘a WS %&m amvwmﬁ ;xm;s wirbear, whilch LET:
resdved by » xwm@ the gw *&erg}a 4% bubbler eontuining
concentr ted sulphuvie eid. Acid epruy wis then resoved
by i:«;irwiz%g the g;:m ‘*&%&t@ugx éaiﬁ.{i potagsion hydrogide
peliotey finuily ’ﬁh?} EaB WoB pz;a‘w& over 'Anhydrone® .

The gtrean of ﬂm hydrogen wag divided into two puris
ub this siuge, one going direcily $¢ the dry wide of the
kuthorometers % -ob oo stsndoxd ges, the Other going
through o flow aeter 0 One or other Of the saturators.

Three types ©f saturstorg were used for cdanilitdng
fixed quantities of water vopour into the hydrogen stresm.
They wers either the ox:lie noid ssturator, ihe saiturated

osledum chloride solution soturetor, or the reflux water
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in ordier to 9&%&&@& esplily eontrollel m@@mﬁtﬁ of water
vopousr in the %wﬁmgm below o mrfsial ym&mm of 4 e
Yhe hydrogen wea Ppupuod war‘ Mawm of am'iw i m
dihydrate. leter is given 0off by the Mé%@ﬁa%mﬂ of
the dihydrcte in the fanwing ways o
(ewﬂ)g.ﬁﬂ@ = %&&) *2?&&

The seoid dihydrite with 10 of the anhy&r@uﬁ ueid was
piluoal in = E.;taz'ﬁa Uetube, the 'lmm@a mbture ¢f which wog
oontrolled by imsersing 3t in a thermoatut bish. By
sdjusting the tewperature, within the limite 0L the
thernostct, the hydrogen eculd be su %umta& with water

vopour in the presgure range 0.5 0 70 zm.

By pzesing the hydrogen g-e ﬁhﬁmaﬁ 2 gaturited selution
of culeiws chloride, mﬁar vapour pressures in the range
3 mm. %0\5 mm. could be obiiined., Although « gulution
6f this sult vended tv be unrelivble, it whg ohlsen in
preference %0 selutivns of other possible gnlts beciune
of the relotively l:vge ronge Of wiber v:poORr-pressures

obtzined for resgomible wiristiins of vespersiurs.
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Hydrogen wup bubbled thriugh thiz sodursiel sclutien
by bi@w dng the gos through o p.arﬁaspm te of gintered
glogs. ‘The porous B:’.ﬁ'ﬁ@; wug plaved well beleos the gurfoca
of the gulutiom mﬁ.m wap gomizined in o *drying tower,
the bottom of which wop £illed witn erysiclae of ¢viclum
chloride hexahydrste %o miintain complate sburation.

ihe heflux ssfurc op:

A Qingrsn of bhis app ﬁ‘mw i gheawn m Pigel0e The
hydrogen entraing n exceps Of walar vapouy by pooeing
Shrough = flapk of bolling woter. ‘:‘e}m wat hy&mgm risom
through « lagged culuum, from which it peasses ibrough o
vxai-fie nyp @ 8 glaes eplral ntiined in o thornostat. By
Csuitebly sdjuating the Sexpersture of the thernost:t bath,
the amount 0f water in the hydrogen amy bs combrolled.
Bxeons wobter iz comlensed oult in the gpiral, ond this
wuober draing o the botdonm of the spirl snd thenoe vis
# Uebube baek $0 the fagk gontuining the boiling water.

The satursted hydrogen wig lel off do the furnsce through
heated tubsa. ALl sueh %m%:w were heated by winding them
with Kichrome wire and prasing @ mimbla g5l current
thrcugh the windingy the condemsntdon of watber vapour wig
thus pravanted. Glusa taps hed 1o be «voided, and where

nedesRLTy v'tzaw \vfmw gongtruntel of hesbted lengthes of
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ailicone rabber tudblng otupressed by me.na of o gorew
elip. Eathurometers eould not be used for the me:gurensnt
of the wateyr wapour eonbenia of the hydrogen st those
higher vilues ug the ﬁaa@tmﬁ of the émzlyaﬁm, o presaution
neeggeary o provent the depopition of dew, wae Wrﬁiaﬁi&mmai
The katherometers wers clmnected 4o the ends of the
Ww ami' the bydrogen L1low syslten by naryrov.bore glhas
dubing, lecke beins prevented by gloss~blowimg sll jointa. |
Bach of the kntharomebers wag provided with a byeposs, ua
wog 8led the furnsoes Dops weore sultbly pleoed in the
pystom &9 that the furnsos cwld be flushe:l with srgon
withoul pspeing this gee through the kntharometers.
In order that the kobharoneter cnslysing the gipes
lesving the furnioe should debeat witer vopour onlys the
Zag leuving thr "wet® glde of the kutharvseter wus dried
with "Anhydrone* und waﬁﬁd bugk through the "dry” side;
the dried g:s from the furnsee wis thue used na & stundord
vf reference. wwﬁ uf pure hydrogen.
The brok-diifugicn of siy into the systen wis Lound
to be quite sppreeisble 2% poinits where hydrogen left the |
syatem. Ihie wos aybided by interposing bubblerc, contuining

dibutyl phihelote, in 8li such popitions.
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A methed wip Teguired wharaby‘pmrtiﬁi wgﬁar'véﬁwur
??ﬁ%ﬁﬂﬂ%ﬂ grouster %h&m‘l5 mﬁ. etuld %é‘mmasﬁr@ﬁ.” vaﬁhw
voridus fovus af'hygxﬂmnﬁsr%, ﬁhé ﬁewqpéiat %ﬁgﬁrﬂﬁn@ ﬂaa
aﬁn&iﬁeréa whe only dne $het would give the required |
resulis.

A Alagras of this appesrotus is shown in Figelle 1t
congigtle «f o gloas vessel 60 which cre sesled Wo tubes,
ong at @hé DOt o anﬁf%ﬁa Gther oo the ﬁpyar gide. A%
the %op is 8 neck which cinlnins & rbber bung tv hold s
“thin silver thisdle in plage. Thie silver thimble, on
which the "dew™” deponits is & tube aboul §* wide nupd 40
long, setled at the luwey end. IThe deteotlon of the
"dew® ig ﬂﬂﬁili%mﬁéﬂ by wiping the aurfsﬁ& of the thimble
with & rubber pud fized $0 the snd of 2 plege of ipun
wire. This wiper is held in posltion by the rabber bung
through whieh it pusses. 9o %hﬁ-ugpar‘end vi the thiable
ie Zized s gluse funnel held ¢ the thimble with ploden
waX. A tbormoaster reats on Yhe BWitom of the thimble
and the thiable snd funnel are filled with s 20% eolution
of alevhel ln water. Covling of the liguid is effected
by plaeing sncll lusps of aolid ¢arbon dioxide in the

upper part of the fupnel end siirring the liguid by
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elevating and lowering the thormomater. The surfsce of
the thimble wee strongly illumirated mo thet the deposition
£ dew could be chserved throwh o wngnifying gheg.

Grenter cogursey wae obbsinel if the dew-point vse
taken at that texpernture st which the dew disappesyed
rother than thet ob which tho dew appesred, {ulibration
t0 lnvertigute the vccurcey of the method was mde by
oiuparison Wi’%ﬁ the kathurometers nnd aleo by eemgarmm
with known atouspheres of sstureted hydrigen produged by
the reilux sttumtor. The errirs in mocguresont ware
gonerhet gravd, dn the reglon of f: 81, 80 reslts obtuined
can be little more than gualitutive.
| Ihe Interior of She Purmge.

S4lics orucibles were uged %0 coabaln the ligulid iron,
sgifthis ensured copplete psturstion of the liquid phuse
wi‘éh siliou.

Pronslucent "Yitreosil® silics crucibles were thouse
generally used for the equilibrium messurements, bub
trenspurent “Vitreosil" silies and sircon crucidbies were
#leo tried.

Rezgtion belween the ame& erueible »nd the furmnce
tube hed 40 be prevented, as the gluss produced by suech

fluging would, on oo0ling, inevituvly crcek the furnsce
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tube =g well :s aking the removal of the crucidle imposaible.
Sueh 7 ptote of uffaivs wos -voided by resting the crucidle
om s iullite trough which wug alid into the Dwrniee. O

ﬁ'luxim wep found to tske place between the “ﬁrmagh and
B the furnsce %&m, bub alight ﬁux;‘uﬁg 318 veour beitween
‘the trough und the erucible.
 51lics crucibles could be used onee only o8, on heating
é;;bwau l%u they were f@mﬁ %0 boeotue very britile
apd 511 t0 pieces on removil fron the furmice. Zireon
crucibles were found ¢ be mere gotdnfretory in this
respect and could be used repentedly.

At ench ond o0f the furn:¢e tube wers placed lairge

radiztion shields m:de of nlundum gement o that the

mﬁm at ench end were protected from the radiation.

The spgon way j}ﬁéﬁiﬁﬂ by poseing 1% through é’;nv
ahaerption btridn $0 remove Gxygen 87 4 nﬂ.‘waﬁmf The
mwamm Wil &ﬁ‘ﬁfwﬁeﬂ by pussing the wamrﬁm‘h ﬁhrou@
s sulphuric acid tmbbler, followed by & tube containming
potegeium hydroside pellets and thes = fwriher lww
contoindng "Anhydrone®e All Lrices of modsture having

baen readved rewldusl oxygen wig renoved by pussdng the
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argon gireun throngh copper giuse heoded do @%gﬁu The
niircgen wor removed by paeadng the srgon through o further
tube of "Pyrex? gluse combuining s mixture of oileium oxide
apd magneslum powder and andntiined st n jesperaturs of
610%¢.
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fhe Annlyeis of fot:l silioon gontent.

The milicun countent of lne ingot wis determined by
precipiteting the sllioon we sdlica. To du this, ﬂ&r@a ‘
requirenents muet bo actisfled: firat wnt all silicon
mast be oxidised 4o silica, secondly that the @raa&yiﬁ#te
mst be fresd ns otmpletsly =& posslbls frew'imguriﬁies,
and thirdly thot the precizdite wmust be af‘managaaﬁle
grﬁparﬁiﬁﬂﬁ$ The agbul gize of the ingot wos hept conptant
8¢ thas tewweraturs neugurenents wﬁré m:de under simil .y
conditions, the £in:l weight of the ingos uswslly being
about 10 %0 15 grass, cireulsr in phape ﬂnﬁ_abcaﬁ hol? sn
inch deep. The silicon content of she ingot wia, ganar&lly,
between 0.3' nnd 27, but meaguraments outside this ringe
were mmﬁa entending the wmwoge from 1 t0 107 silieén.

The whole ingot wee elysod when the expected ellicom
weg less thin 1.07, Wt for gilioon contents higher than
this w:lue only = "pie” sh.ped gegmant of the lngot wum
usad for ench spalysls. In thls way ihe bulk of the
precipitibe wis Kept dom 10 mmnﬁ&eabl& yrﬂgérﬁiems«

The procelure adopied wse za deseribed below.
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The ould ingot wag ﬁmkam»frﬁé;ﬁh@ furnsee snd f£roeed
fram.ﬂli.warfaﬁe wihesione. The inevitoble §x&aaﬁc§ of
these :dhesions wua omsed by porticles of the é.ﬂi@rﬁ |
cruoible; which bag&mﬂ oxtremely frugile om being hauted
t0 1600°0. und then being cooled, sticking to the ingot.
Ingots with low silicon a@haaﬁﬁra%iasﬁ ware found tv have
fow Oy ov «dhesddns on their surfoces, but inge%s cuntuining
2% or mors siliein wers found ¢0 buve mny smell particles
of silica sttuohed $0 the surfice of the ingot. The
conpleta voemownl Qf'#haae &ﬁhﬁﬁiﬂnﬂ:waa‘ﬁﬁﬁesaary i3 their
presence would vitiate the subsequent nnilysis oerried
out on the ingot. The wilic: sdhesiins wers removed by
soeraping the sgides snd bottom of the ingut wimh:a olann
£ile. ine porticles Of the crucidble 4id not stick hord
t0 the sides of the ingot «nd sorupling brought sbout
th&irw#lmaat sumplaete remov:l, which wig reverled when the
gurfzoe wes inspected with mﬂgnifiér‘ Sone ingots
ware trested with 400 hydvofliuworie neid for periods of
up v thres houry 40 eifect rouovel of a&%éa&ﬂne, but this
method wop sbendined sp the sorcping cperstiion wies Lound
%0 be much guicker :nd wore covmplete, When %he suri.ge

of the ingot wee pitted complele remdw:l of cdhesions wus



ahiw’é& zarst by éms-;ﬁimg sWay no smoh of the silica oe
;mmmm and then treatinsg the mgguﬁ with 407 Mﬁréﬂaﬁma'
zmm :’:’@r 5 gmrma s;;f HeVETs 1 h@m*r& | |

The fﬁ.ammﬁ .mg.g% or & portics thereof w:os weighed snd
then dismolved dn 15@ al. of eoneentrited hAydrochloric
s0ifl, tO0 which ware sdded 50 ml;raff @ nosnirsted nitric |
wiﬁ{ *ﬁhm G@amtwﬂ Wig @awism oubh in s lage pamméam
ovopor«bing %wmw,whﬂ.eb WG kw b {:War&&; it ook about
five heurs for the ingot to disselve coupletely. Ingots
ebntsining uore than 57 silicon were not re:dily &bt okted
sod fu:@h&mﬁ&ﬁiﬁiﬁﬁﬁ of nitriec acid were smde ﬁuring
the aﬁ.ﬁmﬁlvmﬁfmp process. 17 ale of 607 mﬁe@larm wera
added 'ﬁﬁ;"@h@ aolutisn in the ﬂ%&;&&m%i&‘i&i mmm which wog
then heated vn o ghess bath in = ﬁ‘mﬁ cupbosrd until
the perenloric agid begsn to fume. At this puint = lurge
wlock gz.ss;% wog pluced over the '%;za:sm and the precipi?%tw
of s1lica and erystelline ferric chlovide nllowed to
digest for one hour. This period of digesticn wie necsssiry
t0 coagulnte oollvidnl silise pot free in the disaolvinge
up process. 100 ml. of hydrochloric 2eid diluted with en
aquel velume of w*ﬁér were added 0 redisuclve the ferric

chioride, the silic: precipitste veing left in u fora
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rmmy f&l%mbia. When the ﬁawﬁw :ml.arici@ hid raﬂﬁ.wewa&
the solution wea ;ﬁuwmd %hruw;;h B wmm 1 Roed2 :fiuar
ympar, ﬁw Wauwim e wog @ sshed fz;'w M’ fmrmm chloride
with rep m%& uwummam M’.’ famﬁ w' s ﬁimlly 3
hydrochloric noid, until fz;m gilic: ﬁ.gwxma"quﬁw whites |
The filtraie we wighed imto the originsl evepor:ting
bagin snd o mxféhar @:ﬁ&i‘&ién' bf' ‘ﬁ@x‘g‘ﬁiw&'ﬁ acid mmﬁ;
followed by & similar process of ovaporation and £iltration.
Phe seoond procipitato was wwwﬁ ;ﬁ‘mﬁ 434 impﬁrmiw and |
adde! to the firet, which was emﬁainm& in a clean platinun
crucible. The cumbired precipitates, when bulky, as in
the case of the higher silicon cﬁxmmtm, were heated for
Two hours an a a‘&m wm before iguition 40 conatent
wolgnts Uhe Lirut slage of e ignition was condwe ted
with nore than muﬁl 'm& 0 ymmt ddvided gilica from
being carrisd awwj wita the volatile matter u the £ilter
popas. o |

Whan a&m‘smm migm (mm - el mg-) had been meﬁeﬁ
the silica was tmawa with 20 m&. of é,ﬁ;‘ wﬁraﬂuwie
aclid, the solution evaporated to drymesizg and the szall
muidm‘ co;aa aran) i@ni;%smfs ‘o wmwnﬁ woight. The
difference botweon the wéigmm before and after treatuent

with hydrofluoric acid, leen the "blank", was laken as
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the weight of th@aiiiem émeipi'ha%m This figure,; in
eonjunction with a knosledge of the weight of the sauple,
- gave the total sdlieon oontent of the ingot,
. The acouracy of this method was verified by amla&ﬁmg
a shesl the composition of which wae known. The total

silicon content of this gtesl was given as 3.307 54.

Analysis A.  Aumlysis B.
Whae Of anuple 242312 g 2.2313 g.
W% Of ppt. less bvlank 0.1574 &. 0.1586 g.
% silieon 32988 3.308

Whersever pousible the ingot was analysed in dupliomte;
the difference between the duplicaie amyaw wag never
greator than 0.02¢ Si and ususlly much lees than his

volue.

Zzperiments 0 show the Presencs

During the course of an experimentsl run the only.

| qmﬁimm instantanecusly measurablae w‘a"xfé the teppearature
of the ingos and the composition of the gases entering
and mmw the furnsce tuid. The only way in which the
equilibrinm @s&mm be shown 40 exish was by sltudying thess
gaB eoopositions. When thay wers aqnal_ the syaten aoum
be shown ﬁa ba &b -ﬂquilibrmg providing that remotion

takes place &t a Adetectable velocity. EKalharometers were
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nmﬁ to make the anslyses of the gas cozpositions, but
these imﬁmw wore sensitive to any lspurity in the
gas stremm, and 90 befors reliable neasurenents wera mde
it was necessary to show that the ges compopitions nessured
wers fraﬁ frou errora derived from such impurities.

The firet mxpwmemal run was carrisd out by sebting
| up the furnace in the normsl mamner and not chargig
the crueible with iron. 3By doing this any diffeorence
found in gae compoaition ut the "inlet® and *outletn,
when the furnace was ﬁa&an up 0 tempermture, could be
attributed to impurities Aintroduced through leaks in
the a@gammm Leckapge ¢f aly into the pypisn waa Qetected
gnd traced to WO ciuses - ineffective mealing of the
bungs ab each end of the furnace tube ani rubber~it-glass
Jodns in the apparatus. Ihe letter defect was ,rémaﬁied
by censtructing the apparatus ss completely 8s pussible
with gxﬁss-bi@n Jodnte; where *&hw was impossible shord
iengtha of m‘bmr tubing were used, gealsd with acetone
collodion. he leaks oocurring at the bungs were provented
by emearing the bungs with glycercl erd strapping ihea in |
popition with wooden saddles bolted ficmly in poaltion.
These seddles had $0 be loosered whils the furnace was

being heated, ge ps 1o give the furnace Yube room %o
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axpands Ihe am&mﬁwa wig now found 60 be complately
1Mrc&é£ ah roum temperature, but when the tmpaﬁﬁma
wae vaioed higher than 1400°C. small quantities of hydrogen
sulphide weve detected. This was traced 4o pyrolysis

¢f the zubber bungs, ant almost completely elimineted by
ivserting vadlation stoppers at each end of the furnsoe
tubs. The presence of Eym;gen pulphide wae, 8g would

bs expected, registered by the "outlet® mmw%er only,
and dhe sffact of the suzall traces of Yhis ges ztill
preseunt wag avwfiac‘i by pageing the gases firet through

the “Swelb® ﬁi&a ¢f the Ratharometor, then througn an
elffiviont drying tube sintaining "anhydrone?, and finslly
thresugh the *dey side 0f the katharovumeler. In this way
the effectz of gameous lmpucriiies Othey tlan waler vapour
sere aveided sltogether. After these preliminury
investhigations, the ax}pmwﬁa was congidersd reaé_:;r fapr
relinble meapurenents.

. A man %m oW awma& out by £illing "?;;%m sracible

with 1% g 0f mzﬂwﬁﬁ ‘irmz; ntaining % silicdn intimetely
mixed therewith. 7The figure of 1 silicosn wao chosen as, |
seconding o the resulie of Zapflie apd :ezm,‘ this shounld
give n water vepour sontent in the surrouniing atacsphers

within the range neasuvaible by the kathardaebers.
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Oxidation of the a&wg,& during the heafing-up of the
furnace was prevented by pasuing dry hydrogen Through
the furnace tube until the Hezperaturs reached _Mﬁa%.
Ahove this teomperatore hydrogen eomiaining the appripriate
puaint of woter vapour f£or eguilibrius conditions at 1609&
was ddmitted. An atiespt was zsde w reach 8 teuperature
of :Lﬁcs@%. vy adjusting the currerd pasuing théaugh the
windings, but thiv teuperature was approsched only wi'&mia
| 5:’:}&' and havar exactiy reaeheﬁ, we&uﬁa aaah'wep £ the
transformer tapping-system corresponded %0 8 rise &
furnace bemperature of abvout 8%.

- When & stendy lemperature was renched the wabter content
o the "cutlet” gaoes was found $0 be comstant, ag indicated
by %he kathareaeber, Ihis beling 80, the weter vapowr
gontent of bthe "inlet" gas wam anltersl by adjusting the
semperatur: of tha thermoptal bath in which wia lunersed
the oxlodum ciiloride gaturaior, so that its waler vapour
guntent was egual 0 that of the "outlel™ ganp.

When steady conditions had been reached the flow of
hydrogon and waler vapouy m discontinved and replaged
by a» rapid wivean of arxgin. After flushing tﬁe furnace
fube with argon the current passing throush the windings

was barned 0ff and the ingot allowed %0 ¢0¢l inside the
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furn:ce.

“’i’han ooli, the furmnce wwe opened, the ingod rm@vaﬁ,
and an ¢ mlyam of m taml ﬂiiiee‘m snde in the msnner
ﬁsm@x'imﬁ exriler dn *&miﬁﬂ aemﬁwm The Total silicon
ontent of the ingot - mmﬂ t0 be 1407, showing thut
no sppreecizble change fros that oharged indtlclly had taken
ploce.

Frem This experimen’ 1% uppenred thot equilibrium
conidtions wnot diseimiliy % those of Zupffe and Sine
were boeing proivosda However, beféra further expevriments
of this nolure were conduebed it woe necessury O ghow
that the eguilibrius being mwémm«:i wus resl wnd not
governed by acme very slow rete-cimirslling process,
Accord ingly experinente were devised $o shiow Thut bolh
vgidetion snd reduction ¢of the sysben were possible ond
thet eguilibrium sy be approwched from eidher direction.

ReCUCEion Froaeas

4 churge of corbonyl iron contid ning ne siliecn wos
put inte - tromslueent vitreomil silie: crucible .nd
pluced in the furn.ce. This cherge wis hested in & siresn
of ﬂzﬁr nydrogen, o8 described for the previdus experiment,
vub inste:d o chupging the gie stye:m o the "wet" gue

a4 1450°C., the flow of dry g8 woe left uninterrupted
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%hremghéu% thé gourpse of the run. The wemperaiure wig

meised o sonme ﬁzrhwmry vilue g mvﬁf m posuivie to
1600°¢., «nd thers allowed ©© remsin. |

During the mmgg o the furmuce snd the subseguent
period at a stesdy teuperature, » conbinuous *&i-%%ea af
the deflsotion of the ksthirometer préwmm s pocord of
the gm coupusition of %ﬁe}“ dublet™ streza. Hxuminotion
of this trooe shiwed thn -i;'éu:rm@; the ;:,wzrimi of inereqsing
 bempar:ture the wotber wpmr émﬁafﬁ of the "uutiet® gas
iroreised gontinadusly %¢ stmeo va:by high valus, 0ff the
soile of the ketherometer regord¢. After s periocd of shout
wlf an hour o l&}ﬁ%. ﬁhﬁm%ﬁ wgaw nient drepped
t0 2 pardisl pressure of 15 mznq w%:ﬁ.mh Wi g ’mrzsaurah le vy
the kxthorometer. from thia point Wwesr&ﬁ & entinudus
Tr 00, which is reprod cod in Figsl2, wig Obidned.

Prom this troce 4% may be seen thab during the firat
two hours of the period st aonsusnt texperature moet of
the chenge in witer vapuar content touk plice, and sffer
think pariod m}.y very puill amngaa coourred, oven %h@aﬁh
there woe s5ill & differenve in gua aéw@aiﬂbiem in the
"inlett and vontlet® shresms {the "inlew’ being pure
hydroger Snly). |

After » period of 1¢ hours the tube wipg flushed with
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srgon ond cotled. Uuboeguend dmsiyeis of the ingot sbowed
the siliown wnient $0 be 0.427 by weighl, the whole of
which must hove been found from the cpucible by reduction.
Thie rite 02 plokeup w:g found %0 be very slow. Further
experimenc s wore mrried out iz the swne minner, but for
eaon pugcesaive ran inero-sing smounts of slilioon were
udded $0 the initl:l chorge. oo %ﬁa&a‘fuf%&&w experizents
i% wis found thed =8 the pilicon wnient of the ingdi
ineresged it bec.me inereisingly difficult %o reduce the
- 8ilies uf the orucible wund thorsby inervense the siliocon
consent of the iugovh.

Reduotion 4id ocouy, bvegsusé ciler oq¢h ran the snnlyeds
for total silicon in the ingod veve:led sn incrsise in
silioon content in eoeh o3ge.

This evidence shosed that xygzen could be removed from
~ the system, thot the silicon gontent of the iron could
be incre:sed by reduction and ikt & conmdition which
my?a&r&a $0 be tht of equilibrius could be resched from

the raduction.of silic: in con¥soet wilth llquid dron.

The Caid:-tion Of the System.

Satisiictory proci of the exissence Of » trus
agniliarmmmkwaéuirwdvﬁpyrﬁmah of the svme (suppomedly

squilibriwa) concentrativne by ozid.tion ef silic: in
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the liguid ivon, «@ well ve by reduction of silies in
cont.ob with the wmetsl. o |

A yun weg eorvied out in which the silig: ax’aaim%a wug
mafﬁmé& with droxn o shobning 270 i::f gilietn. “he teipers a;gm
wig raipsd oe qmiakly-m Ppougible 60 X%G%» while the
furm:ce tube woe praped oud mn%muéaaly; A vaguum w8
preferred ¢ n otnosphere of dry hyﬁfﬁg—;&n ag hydrogen
would =lmost @éﬂ:::‘mw nuve mn‘mm& the sailieon cintent
'w a etuparitively amiil, .ya*’% unﬁmwwbla; saount. Fhen
a gltecdy teuperature hod teen ra;cﬁwﬁ the puupdng wee
disecntinued xé hydrogen, oontdndng witer vipiur in
gonpiderible exceso évm ‘%;h:ﬁ# maeﬁ@& for “eguilibriun”
conditions, wis cdmivted. As s9on ce the furm:ce tube
Ted been f£illed with wel hydroigen cnd » continuous fiow
estahlished, & rogord of both "inlet” and “outlet” gm
ghapositlion wes W de.

fi‘h@* e trages were exvuined by superimposing them
one ém the other, o8 ghown in Fig.l3. These Wwoe txr.ces
ghow thet the "cutlet” gem sturtded with o rel tiwely sunll
witer vepoar content whieh, after o peried of show seven
hourgs inereised t0 ¢ volue eguel Ho thot off the “inlet?
grise  Lhe @*&iﬁz&i&n irooesn, LB sppeoreld; wue very much

£.@mter than the reduaction :nd, fHiwr therwore, bthe oxidstion
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proceedsd o oguilibrium. A furthsr experisent wus oirried
in Yhe paae woy bal with no iywon m the ormucibles. The
Toptlel" gie recched %héz ausme oouposition eg that of
the Pinled giu withowt sny bime Ligs snowing Bt no
eamyg,an wﬁm teker up 1o the gne Btresms It wig thus
ohvicus thet the vxygen takewup in the furmer experiment
eould enly be s tlrdbuded o oxidation 0f she liguid dron
phiga, | |

The ingot prodused fron this run wém axanined and
visitle signe of Oxldetivn weve found t0 be present on
the surfoee, which woa pitted oxd very rough in coupsrison
With the surfice of the ingots obbuined by refuction.
Zhege lotier lagots were snotth ond ghiny. Any oxddation
of wiliox in the 1igquid dron phise negesuarily produced
frge wilicn, which, on precipib tian, rose v the swrisee.
Howevery snslysle showed the finol sslictn content of
the ingit o Lo 1.857, ghich showma = loan of waly Q%
from bhe velue initially ohirged.

The omidstion prooess wsp shown W h.ve re:ghed

sgquilibriva from ges ecuposition messursugnis, but the
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antunt of giliein elimin:ted frow $he melld wiz only &
fraetion of thod expected from the study of the reduction

procesa. The Linnd gilicon content wog expected to be

very nesy 1.00. Fhe high finsl silicon conbent, in this
experiment, #nd in others eunducted simil rly, wig sttributed
bo the incomplede sepurutivn of g:z'ac}i;amm.mi;:g;gm tha |

ligquid dron phuse, the silics reacining suspendel in the

iron in & Linely divided form.

 From the above considerstione il weas considered desir-ble
to approwch the &zgui.u%arm:& frou the reduction side g2y
if oxidation w:rzé allowed to0 tule pluce forp ﬁfi’ length of
time, un inerscsging port of the tolal pilicon content of
the ingod would %zé present ny gpuspendet sllico, which
would be sz’i.@iz@m:&.mﬁ by snclyais g eilios dissolved in
the iron phasg. |
Sever:l experiment:l rume were made 2% a Leaperoture
ag vesr 48 pOogsible o lﬁﬁﬂ%u g0 th:t fhe ferrcus ozxile
sebivities corresponding %0 the different H0tsl silicon
contents uped oould be mesgured under egquilibriua eonditlions.
Charges woere made with the silloon combend 0.1 lower
thon the expested fin:d walus . The "yun mw g ourried

ot by pessing & stresm of dry hydrogem through the furnsce
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tube until = tewper:ture of Mﬁs%. weg renchad. At this
g@iﬁﬁ the hydrogen w:o reploced by "wet" hydrogen. The
taaper:ture wos redsed tu the reguired value and nllowed
1 ‘em_aame agtoady. Durdng this "ran wp® periti the ghe
compositions of both *inlet® «nd "outlet" elrenns were
continucusly recorded by the kuthurometer recorderas. when
the differonce in gus compugition dropped to¢ about 0.5 ome
t‘na resation waus 80 8lov thut no change of the conditions
vecurred inside the furnuce over pericis of time us long
#8 24 hours, |

govering the chorge of carbonyl iron wim & 3.4::;3'@ of
powiered gquartz consliersbly incresged ﬁm rite Of Wake-up
9f silicon by the ligquid phuge, and large wristime of
the silicon congenidration oocurred in shorter pericds of
tige. However, the difficuliy of recobing the eguilibrium
8111l existed becsuse the rate of reucti@ peur eguilibrium
wow atill slow, »nd this wog Overcome finaliy by vdjusting
the w*:amr-;v&;mux‘ content of the "inlet" gis $0 the stendy
value rosched by the “dutleil ngs.a.» Tthe presence 0f the
powderesd quirtz socelersted the indiisl purt of the re:ction
B0 much ‘&hm% it woe possible to bring the 4if ference of |
gxs ocppoplbione B¢ within §° within thréa to five kw;mé.

Approach of the eguilibrium by this methal involwved



long periods 0F fine durlng whieh the furn:ce could not
ve kept ot o gteady texpernture. Furibernore, it wois
only »ftor both the piliotn guntent snd tne oxygen proegsurs
of the systen hed been altered thut e equilibrinm point
could be mesaured.

This techrdque, although axtiéﬁéa%ﬂry £or obtoining
prelimin:ry ﬁm%ﬁ,VWa& inmﬁeqnﬁté for full invemtigation
of the system over the temperature runge desired.

The eystem bue fowr verdables, esch oL which hoa 0 be
fixed for «ny one equilibrium point. These vorisbles
nre toal pressure, tewgerﬁﬁmra, purhisl ORygen presaure
(in this ense menguyed from 2 knowledge of tha wiber vspour
presunure - hydrogen pressure r:tic), and total silioom
osntent of the mwlt. In ﬁ&a géalimimﬁry exporinents the
temperature an@\ﬁﬁtmi prespuro were fixed, nxd the ﬁﬁliewn
sontent and oxygen pressurs adjoeted until no furﬁﬁar
rezotion ook place. |

The Cxygen pressure wuis the eusisst of the four varisbles
0 mevgure snd to alter. If the Botul silicin conﬁamﬁ
'aﬁulﬁ be k#p# copstant sp well uz the tot:l pressure, then
the oxygen pressure veristicn could be studied with
vﬁxi&%i@n@ of bteupariture. 1The iallawiﬁg ran showed this

%0 be possible.



& ﬁilieerﬁ orucible waa charged with curbonyl iron
eeﬁ%ming m'?;* of éilicum pleced in the furniece, «id
héggta& in current of dxy bydrogen. The tempersture wus
Cdneresped until some arbitrery valuwe over 153509; wig
reaeheﬁ; ;?hm the tewperature weg atendy “the &28 ocomposition
of tﬁe “outlet’ sirenm wis noted and the witer wapour
prespura of the “inlet” a-‘!‘s“m%aa «&%mtaﬁ to 2 yalue about
1.0 mn. lower thug thot of the "eutllel” siresm fi'nm the
furpace. The eomposition of fbi:ze '*inlﬂﬂ gus sivenm wug
then slowly inoreused by roiving the tempercture of the
thernost:t buth surrcunding the o:lcium chloride sosturcstor,
In Yhis woy {he aqunibrim point could be reached, om
shomn by the cvmpositions of "inlet” zpd "cutlet® gos
@ ireaup Ming equily farther inerssse in the witer vupour |
contents of dhe **iiz‘le’%;‘* g wver tho vélua of that of the
fgutlet® gug showed that oxddoetion wmé noe ccourring aand
that the équﬂiwm point had bteen pusaed. The witer

gpm gontent of the *‘1;&1@‘5‘*"3&@ stresm waop lowered Yo
vzi;:!,ua‘ nbmt Ol ame. lower thon thet of the "outlet®
stresm upnd leit stesdy for hull on haaw, during which
tine equilibrium wis finslly =ti-ined.
The mezgurenents now smde ssitublighed one set of eguilibriom

vadues O0f gilieon concenitr:tion in the aelt, uxygen
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pr@aaur% apd Yempersture. For s further messuresent

aha ourrend gxmaing ﬁhrﬁug& the furn:ce wig increxsed
ﬁuziieiaﬁﬁly to ruise @ha &ampar ture ﬁam& fifﬁy degreas.
'%ha matuwl temﬁaruﬁar@ ﬁf the furntce aid nok matter 8o
len@ w8 it rem iﬂﬂé congb: n% ard wnes %aaurxtaly knvan.

| Aa mm new Wzﬁy&mmwa Was aemg mmheﬁ, the @5 ’&ar
vuyﬁar eamt&a% af the “éaﬁl&%ﬁ gag rﬂae ta 3 new value,
BG in @rﬁar %a 0bﬁuiﬂ new ﬁqﬁi&iﬁrium aﬁnﬁi%ieuﬂ the water
vap our ee&ment of %km “m‘la%‘* 8 wag inoressed slowly,
B mfw@, émﬁ faﬁmr‘ 'é@ﬁ&hrmy wﬁamﬁﬁ tdone
ﬁe&auraﬁ. In thig Wﬁy the 0xyg@n pﬁwﬁevra o1 the syetem
gould bo atudied f@r & musber of tamgmra%nrea during the
course Qf_aaa ruz, provided ﬁha piliovn eontent remuined
conetsut frou the £iret messurement until the furmce
waavfluahea with «rgon, Gubsequent unﬁlﬁaiﬂ of the

inggt from this Tun gor totnl silieon cuntent reveiled
thut the siliooun ﬁ@ﬁﬁﬁnﬁ>ﬁ§§ ﬁﬂt »1tered measursbly.

Whon the "inlew" und “ovulled” gua oumpositaons 4id not
differ by wore thin & Ll tﬁé el nge in tﬁa giligon content,
prodiwed by such difference, wse suell. This is bebtter
»mﬁwrb#ﬁﬂﬁ by ewmsldering the change in silicon wntent
that would ceour in 1 hour 2t o Zlowrste of 4 litres/hour



in an 18 gran :i.ngab. The choange im mlimh wn%m ig
mleulw ted un thes }wmmwim hat .'!. ot 42 M@Ix aﬁ Oxysen
m_mqﬁmg o wlter the silicon aom‘aam by 1 gmm Mm‘

Diff. in gos composition = o wt. of 51 chunged
Q2 mm. Beﬁ 00%3‘?‘
dez W ‘ _ 13’93.35%’2
Ers  ewaTot
D« * 0.08257
i0.0 " o - 0285¢
2009 " ’ . 0:379’

| :I:£ &W inwarsae of the ta‘&el sai.,.w@n el ocourred it
wwm alm%ﬁ e@rmmy hive Yaken pluce duxing the pericd
of the "run-up" when the ingot wie subjected %o strongly
raémm; aanéiwm‘ Evid ence fwm previcus rung hus
awwn that whm eguilibrium wis nesrly rew ehméi the saount
of silioon tuken up by the reduetion of the silic: ia
centuot with the ingot wha not mwauﬂ:{me, The rate of
:miueki.én of silics B furbther reduced by ocmitiing v“w
pluce the l:yer of powdercd quurts on top of the churge.
The suall v::-‘rmtwma ¢f gilicon content ﬁ‘caax'rins during
Y ae_z*wa of muw 's#aira soeordingly neglected. It wep by
using ‘nmv taahmqué 0f studying the variatim of Oxygem
Presuure with teupersbure ths ¢ the un jority of dats were

ohisinad.



Erogadure adopted for Inves
A samll trensiucent "Vitreosil' crucidle wie filled
with about 18 ge of corbonyl iron contoining some sdmixed
pilicon in the form of @ fine piwder. Carbonyl iren gm&a
¢ wees used ng supplied by the Memel Nickel Company. The

poxinun limits of impuwidties sve glven os:

wi Oe054
¢ Ol &
&2 ; 0.2 7
B ' G.027
B _ . v G001
& 3-1 Ca, g2 and Or. Dl ';"’

Thé smount of silioon o rgod wos olways slightly
less (0,17} thun thut desdred st equilibriwm, as in the
rans with smell silicon conbents the smll takewup of
aﬂimg which a%ﬁ‘ﬁma coourred during the “run upd,
iﬁ&rﬂﬁw@ﬁ. the o6zl silicon nbove the depired walue.

If the total silictn content produced an unexpecotedly
lsrge water vepiur wantent in the "ouklet™ gis strenm,
the hydrogen flow wis contlnued watil wffwient reduction
w doken ploce 4o veduce the witer vapour eintent of the

. furn:ce etuvsphere ¢ the vilue desived. When the witer
vapour and hydrogen adxture wzs ufterwords dmitted, 4%
stopped further reaction nnd the tot:l silieon content of

the melt remsined cpproximstely cimsiond for the duration



of th@vﬁgng |

fhe air inside the tube ﬁ&a.gumﬁaﬁ cut snd the ayasten
tested for leuks. If the pressure inside the furn:ce
tube 4id not inorsuse Lo morae %han 2 mm. Oover & perivd of
five minutes afier cosplete evsoustion, the apparatus wis
aungidered ﬁaAﬁa loskeproot, 'nrw*kydrmgam‘wﬁs now =dmitied
L 1) ﬁh@ tube znd when aitzospheric prﬁaaara xd been r&amnad
inside the tube the tup eéntxleAag the exit of gumes
£row the furn:ce wsg opened 40 nllaw %&@\p&aagg& o a
abendy streasm of hgﬁrﬁgena The noraal rate of £low wop
& 1itsle over 4 litros per hour.

The tempernture wag raised to sbout 10°%¢. sbove the
ued ¥ing point (153§aﬂg) of the i&ﬂﬂ-ﬁﬁ&ﬂa.ﬁﬁﬁ allowed to
vecows etesdy. 4he wuter vapour wntent of the "outlet"
gos, was observed frum the kethazomeier rocorder and the
temperature of the csleium chloride ssturntor sltered to
the desired value, If slteration of the silicon é@ntant
was %0 be svoided during the Tun up wet hydrogen wip
subgtituted for the dry gim 2zt o tompersture lower thun |
1450%;,

when the chunge over from "dry* 0 “wel" bhydrogen wus
made no apprecisble varieticn in the gss cvmposition at

the cutlet wug observed onoe the effeclts of the z2lteration



of Llow rute hud passod.

When the required texperature was renched reduction
of the systen wus tuking plnee, Jhe reduction of the
aymw %é followed by oxidetion wvhich woe only sllowed
40 conbtiinue f0» & poricd of 'ﬁea mmawé - sufficient t0
m that equilibriwe h:d been ,;nw@& and that the effect
was reals The water vipour oonbent of the "inlet" gra
wop then reduced g0 that it was ngain lowey than that of
the "tmtlet" gag. 7The gus cumpositions ware then left
%0 bveabme stendy over n pericd of twenty ainuies, during
which time the wolter-vapour presgure in the "outlet” ges
geldos vorded by wmore than 0.2 sme Phis finsl g% conpopition
was Soken ug the eguilibrivs value mmmé& by the agsten.

Before ench tesperature mespurement wis mrde $he
potentiomster system wis standerdised. During the course
of the run tespersure me:sursments wero aken about every
fifteon mimites, execept during the final sfeges o the
‘aqaiiihrium. when they were Hoken every five minutes.

The temperature of the furnuce weg now increased some
£ifty degrsesn and allowed % bscome steady. The water
wipour content m? the "ontlet” gis giresn hnd inersuged
$0 pone velue higher thern thot previously messured. M

this new temperature the whole procedure wie repested and



o further set of ameuguremenia mude. |

After me:purements had bean token ot three or four
tamperstures, the flow of hydrogen umi weter vEpour wig
reploged by ¢ mapid (6 litres per hour) atresn of crgon.
The srgon wos pussed into the furmsce through the wntli-
thermal 4iffusion tube in order to swrround the ingot
congtontly by the inert atmesphere. After the srgun hed
flcwed for about ten minutes the furnsce was guoled.

dome experiusnis were conducted by cocling the furn:ce
%o 700°C. only, to gpave time vod strein on the furnuce
windings» Although the erucible could be removed resdily,
the themmsl strain on mullite trough wos usunlly too
greet nnd ceuaed iﬁ $¢ freoturc. Alpo, an_ylﬁcing the
new charge in the hot furn:ce excessive oxidodion Cocurred
which could umﬁ& be countersobed by prolonged reduetion
in » dry hydrogen aimogphere. The oold oruedble was
token from the furn:ice snd the ingot rewoved.

Bxeept in the runs carrded oulnt high silicdn wnoen~
%ﬁatienﬁ¢ the vpper purfage of enoh inget wes bright, amméth.
and ﬁrm frow surfoee sdhesliéns. The sides and boiton
were seldom found t0 be pitted bub smeil particles of
pilive £row the cruoible sdhered to the surince.

- The ingot wes oletuned, AL necessary oul up, und



asnslysed for wm{x ailiecvn 88 previcusly described.

The oxygen prepsures hed been delermined 2% geversl
tewperitures 2% & oonstont silicon conbtent of the melt.
The tespersiure range over which the investlgation wse
carried out was 1“.540%. o '1.&6@%* In three runs the
Ww‘emﬁum wig Waken = few degress over 3.7@6%; ard the
results Obluined showed the systex in s wsnner pimilar
%0 thud 2t lower touperstursed.

the ketharoumeter recoxds sllowed the wober vipour -
hydrogen rtlo in the equilibrium gue albumogphere 40 be
plotted sgiinst Sempoeriuve £or esch vilue of the toial
silicon content. ﬁ%ésm of thesa plots are shown in Fig.lss
ani from them moy be seen that s linesy relztion exlsis
within experiment:l errur. The three runs ourried out et
& pagdmam temperature of l?ﬂﬁaﬂn &hﬁm&ﬁ that this lineurity
wog melntained, sud wo extrapolakion of wll plota 9o

1700°%¢. wss considered Juetified.

Lhersnl Diffusion.

| Whan o nixture of two Or @more guses iy contelned ivn o
veusel in whioch 5 lorge thersal gradient exisis, the guses
with the greater moleculur welghtes tend to concentrate =%

thae qooler end of the gradient. This phenomenon is kmown
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Y- tharmal d&ifua&.tm, and is explcined by the kinetic
me&xy of g,ﬂﬁtm: ﬁm #ﬁ.‘ﬂ@’# my ‘bm lessern d ammambly
by mmlmgg %ﬁm miﬂum o:t‘ aazaam m :Ezmv twmg;h mae vmael
Bf mffms.anﬁ mw %a yrawm mwmmmms of ﬁm
ﬁhwwl—-di.xfnaim @guili‘bri&xm N .
?ﬂnmns m& thymm (8- Am@r« Ciwm. Gm; 1934{ 25_9
%135‘ szm@a s vmtm a wmemmi;mn of amé of the |
resgtunts in an aquilihrinm wes cammllaﬂ by & gua mizture,
ttm errors of the agaﬂibrm in wmaqumﬁ of uhamal |
&ifiussim ama ba G ameh 48 201 . o
Zipife m& am (5&6%18 me&zmmgy, 1942; 9y X6.6)
in their inwma@%wn of tha ml&wnmmygm equilibriam
m liqﬁi& iron, relied on the pmhwﬁmg of the woter
m;;wzhhyﬁmgﬁn &hn mwa %y "u'iw furpice tube only Yo
overqgonse the effacts of thormel @&fmian, but no experimental
ovidence wes g;wmn o Juastify the ‘ha«ahuiqm‘ Pontans and
chipmn wermm the affee% by pmheming the gasea in a
narros alunion mm, hezwaﬁ, by w&nﬁingﬁ of platinum wire,
through vﬁiéka the gapes were mﬁaaac’i ?s‘sfs.ymly hefore eniering
the furn:ce. "
In thig mamrch the problems of @hamu ﬁiffuamm wore
pogawhat dAiffercnt fmm thosa of weﬁam inveastigntors,

a8 both "inlet® und *opilet" gos streans werse snelysed



for their woter-wapour contents The tube through whidh
the guses left the furnsce wes, op demcribed in Seetion 2,
of marpow-bore swilite, ond sxtended into the furpice 40
a position divectly over the crucible. The giges, if
papsed at a sufflciont rate, were "quenchel” bvefore ony
theranl diffusion could toke pluce nlong the thermnl
gredient. X0 M“am*& wue ade $0 prehest the incoming
gepes bec:use when the sysbten wep not at egquilibriun I
wig not luportsnt that the exnot compdeibion reaching the
@elt be known, providing it wue known whelher oxddutlion
or veduotion wus ccourring. When equilibrium m reached
then the compogition of the "inlet® gus meusured by the
kntharometer wus the some we $hat reaching the ingot
ivgide the furnsce, oihersise it would lmply thht water
vfsﬁymr wng beirg lost or gained under "eguilibriumt
ounditiong.

The extent t0 which thermsl diffue iun tock plice waa
eomtrolled by the £low rate. Accordingly, the effect of
vapistions of flow rate on the ecuposition of the efilvent
g0 wis investigated, The curbonyl iron in the orucible
was ohorged with 7"’ gilicon, =g it was knovan th:d at {thie
high concentration both the teupersiuwre efifact cnd the

affect of ineressing the silieon by reduction hud negligible
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effects on the equilibrium gus cuzposition. The gos
copposikian of the "outled® goa wie messurcd 8% eoch of &
number of f10w rotos between one and ben litres par hour.
4B esob voristim of Llow rete was made, the katharosster
gers had o m roadjusted o prevent the effect of the
flow rote on the kuthorosster interdering. Figeld shows

a plot of k%;a*&mmmwr muding sgalingt i’lm& rets curried
b 2t o goraiant teaperature of 1595-%; “he elfects of
thermal diffusion are quite proncunced when the flow rute
iz belvw 3 litres per houry but azbove this velue no effect
2t 21l wos sesguvable wabil st 1o lidtres zmé houy the
affeot of turbwlence on the kathsromeber bmé@xm significant.

The £low rute used wis usually 4 litres per howr.

The furmice tube ievlating the systen from the furn: on
wea of an alumins refroctory. Such tobes develop & alight
porosity abhove :&&w%.. but 1% wee found thot if nn excess
pressurc of 5 mm. wis acinbained inside the tube, the
diffupion of forelgn goses into the systenm wis negligible.
fhe furnves btubes developod miorowcragks sfter prelemgéﬁ
ugsge, wnd when f$his cecurred the tube wos discarded, ag

diffusivn of foreign gomes into the ayston vitiated
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monguremantss Such breskdown wee imwmg detocted
by the kotharometer, the gslvenomsier deflection of which
swung right off the scale. |

| ‘The type a‘f‘ Mmﬁa uged was pot suitible for guenehing
the melt by withdrawing it £rou the furmece tube. FPrevious
vwmrma have used *vewﬁiwi farn:ces and dropped the
sracible from ‘the hot zono of She furneoe direetly into
_some cooling liquids water, liquid tinm, ami esrbon
tetraghloride hove been used for this purpose. Withdrawnl
of & ma&bl@ et »3.650%, from o horigontsl furnsce in the
course Of n» few weconds wss lumpractible, espe cially aa "B:ha’v
WW atuoephere wis predominantly hydrogen and therefore
a potentisl explosive. o |

Evidence already obteined ahowed that presipitation

of milics from the 2elt wos vory olow. leasurenents of
the rate of odoling of %% fornice onoe the current h%,aﬁ
begn mmm& off showed th:dy mﬁl&ﬁiﬁm*ﬁim 0f the melt
taék plage aboud 10 minutes after aooling from 1550%;;
during this time the amoﬁnt 9f ailicoxn yreciplitnted as
siliea would be considercble only if the hydrogen-wuter

vapour atnogphere wig meintained, For a melt oontzamiﬁg



74

085, ellicon in sguilibrium wmﬁ, its surroundinge st
1650°0., about half the eilicon would be cxidised %o
silics if the tewpemture was dropred B0 1550°C. und the
comporition of izhe‘mmmapham miintoined. By reploding
the atmosphere of hylyogen and water yapour with sprgon,
the gourve Of faxme:i wig rendyved and the high degree of
oxidation ymvwﬁa@i; However, even if ithis source of
Srygen whp potb rw@w& previcug evidenos hug ghogn thut
the mjor pirt of the silies would rempin suspended in
the m"é. That a pard é.f the tetal eilicon content of
the mgf#*@ was present 2s susponded silice did not mtter
80 long as i% did 0ot rise o the aurfmé; ag it wes the
- gotal gilicon aontent OF the ingot that wag mecsured.
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for iesguresents o High awg Irggeures.
Katharometers e%miei not be used o méwsm‘a v'&%w'a wabor
vapour onkent of “isim h,ﬁ? rogen % the higher vsluss
reguired. Of tho methods zvailsble for mespuring the
water vepony precaure of B gug, « modified fora of the
- Regnsult dew-point method m usaﬁ; | *“'mw mﬁhwa, iﬁﬁnﬁiﬁ&;
the dewe~poinid mehxxﬁ.que, are zamb;}wt 10 rather large
insdouravies. Ae in the work carrded cut at lower oxygen
‘ prawmea, it wos da&imhl& w mmmm %ha R tex-amgmr
conbend of both the "inlet” nnd the "ea%laﬁ“ g 8 giresos.
The amount of water wupour in the hyﬁwgﬁn wsgs clopely
controlied by the esturating unit deseribed fully in
Geokion 2. Phis apporatus nd ﬁm ndwnntege over the
caloium ehloride saturctor of being more relisble in
mnwamingg i%ha wider vipoar eatent of The gas streun.
The hydrogen snd witer wwpour fwou the asturstor were led
piradght t0 the furpice thwugh glops fublng heated By a
m:ﬂa :ble winding of "Hidhrome" repisionce wire, and i
wos from the temperzoiure 0f the thwmaa%m bath of the
grturator thut the degree of saturstion of the "inlety.
gop stronn weg messured.
. the gages left the furnice by mzmingg through the nntie

therpel-diffusdon tube, to which was conneghed heated
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@éﬁﬁ tublng lending 0 the dewepolnt spparatus. The
eonpirugtion aw‘l use of tnmfma% 7 4 apymma is desoribed
in Seotion 2+ A fuvther disadwentoge of the dewep 0int
gppﬁﬁ%m aip the time regquired for euch ae:surenent o
be mmde - sboud four mataa‘ |

The "mn wp* hod 40 be wmmw conbrolled; 28 excessive
oxidivion wonld mvea led t¢ formstion of & large opd
andesiysble nmount of silics, snd excessive redueticn %o
too much silicon present in the liguid-irun phise. It
wun found s tisfuctory Yo run the furnace up to o
tauperature of about me&_ an o mm‘mﬁ of pure hydrogen
and them puss o atresm of hylrogan sdnizsining » sultsble
smount of weber vopour. The spount of water vepour chosen
wos gulied by dew-puint aessursments sude durdng tha
frun upt to 390 ¢« This method of conirolling Sha furnape
was found o prevent both axwm:we redustion and execemsive .
oxddation. |

Attespis were mnde In eurlier runs 40 investigzte the
variation of the oxygen pressurs o the ﬁy@km with
werdstion of tesperature at constent silicon ooncentration.
This, however, wse found luprocticible as, when using
guell naounts of silievn, 1% wus dmpossible 0 Reep the

silicon content constsnt while meisuvements were being
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made over & tempersture range. At the lower silicon
aﬁmwﬁm’%mm, sdl dneredpes in tot:l silleon oontent
represent u very mach lerger proportionsl incresse.

Eo silicun wis put in the imitisl chrrge, s sufficient
wis fuken up by rednction 0f the pilic: prueible during
 the initisl pewicd of running vwp in pure hydrogen. When
a tempercture of 1600°C. wos resched, dew-point mensurenents
of the "outlet" g:s were mide every helf hour unbil &
steady vslue wze obt:ined. | |

The water-ynpour eontent of the gas strewn entering
the furnsee wos kept a&mﬁmﬁ lower than thet leaving
the furnsoe s¢ thet reduction wis slwsys ¢ccurring. When
the &a&aﬁam%m of the furn:ce wan gtesdy the woter wpour
coptent of the "lnlet" gue wus inereusped until it béeﬁgm
aguul %0 thut of the " outles” gige 1% wip nol considered
wise 0 increspe the wuter vopour content of the “irdet”
gee ubove thst of the "oullet" gns, os the aconrney of
messurosents in the latier ww not gafficient %0 show
when the one gompoglition wus only &l ightly grenter thun
the oiher. The aell wes sllowed 1o equilibrate over o
pericd of one hour, during which tise dew-point mexpuremnents
ware token eonbinuslly. After the reguisite messurenenis

were m:de the furpsce tube was Lflushod wilth argon, the



furnsce current out off, ond the selt silowed 3o eovl
inside the furmice. 7hen ¢old the ingot wes ¥aken from

the furnzoe asd anslysed in the usuel WY

8
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The Ferrous (xlde Ackbivity in

When emsll qmmnﬁi%i% of oxygen {leess than 0e91)
dispolve in liguid irenm, then £roa the Irev-energy
coneiderstions of J. v’t)hipszmn and B, @. Pontuns (Trans.
Amer. $506. Lebtals, 15336; 24, 313} mozt of the oxygen may
be ponsidersd %o reset with the liguid iron o form
dissolved ferrous oxide. The portial oxygen pressurs
0f the stmosphere surrcunding such & melt &% egullibriuam |
would be vary wum and not directly mmmme; g in
order viwz eontrol and meapure this emcll ORygen pressure
indirect methods hive 6 be used. Nixtures of sall
smounts of water vapour in eguilibriuw with hydrogen will
produce oxygen pressurea of the right order of mugnitude;
therefore AL the purtisl weter vipour pregeurs in the
surrunding stomouphere ie wocurntely Eudwn, the ferrous
oxide sevivity in ftho mell m:;? be derived. The equ:tions
. peprosenting the verious stagee of the reizctiin are:

2 Hy + 0, = 200 reranssveassssnssconsansens (1)

02' (g:8) = 2 0 (in liquid 420n) sesv-cenes {(2)

Fe (ligs) + O {in lig. iron) = ¥el {7 in Pe.) . (3)
which, when coublned, give ths equuaitiom:

Fa (ligs) + Ho = iy + Fo0 (j:fsj.xfz F@8) svosscovas (4)

where K, By/Ha0 % { #60)
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i‘h@r vt of the paréisl pressuves ol hylrogen snd water
vapour w’w me gured direetly by the katharoueters. A
knowledge of this retio, together with the walue of the
eqmmrm cunglant EF ol at the sppropriste teuwpersture
gllam the Lerrous oxide wmvi‘qy 817 sm wimma@.. |

A%myw 10 obtuin vslues Of K;gw in the lzquimirm
ringe 1335%. to 1706°¢. heve heen mide by &m&m& workars,
s & etmpurigon OFf the vardous rwmma phove conaidersble
divergence mw. |

#. D. Richerdeon end J. H. B. Joffes{d.Ircn.steel.Inst.
1548, 180, 268) hove mde o gosprenensive emay of a1l
exinting dsta Zor Ghe reastion |

2 Pa (1iquid) » O, (ge8) = 2 peb {7 in P6) ene (5)

' The principel resulis tcken for ocnsideration were

those of J. Chipomon end ;‘ﬁ &?@émmnwﬁmmﬁmm-aac.,
1940, 62, 209), P. H. unsetd and J. ¥. Schulbz (J.Amar.
Chat«306s, 1030, 58, 4268), L. 9. Dexken snd R, ¥. Gurry
{J.Amor.ChomeB00., 1945, 87, 1398) ,. and V. Cirdlli {Gazetts
¢himdos Itaddans, 3-%7; 6, 333). Uf thoese resulis, auly
those of Chipman and Mershnil were given for the liguid
Aron YEnge, 15356, to 17&&3%3, but these 4id not wwﬁum
a straight line when AG° wus plotted againgt the ragiprogal

of the sbsolute Sesperature.
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Richordaon and Joffes arcived x4 thelr finsl vulues by
extrapoloting the dots kndwn %0 be rolisble below the
melting peint of ix?:m, snd paking sppropriste egorrections
for ﬁkw entropy change 2% the aelting points of faﬁmua
ozide and dron. In tlmt wey they srrived ol the follosing
axprassiovn rwrmm%mg the vardstion ¢f free energy with
tempersture £or vemetion (33,

A 6° (1808° = 2000°K.] = = 112,250 + 2167 2. ..(6)

The equation for pesction (1) wes obluined from
Richardgon and Jefies' survey (ibid, p.267) of existing
dats, the principsl wm congidered beim thowe of
P. D, Rogoini (Res. Ent. Bur; Gtdse, 1939, 22, 407) ond
A. R. Goxdon (J. Chem. ¥hywies, 1534, 2, ). The eqwtion
derived was:

AE® (373% « 2500%.) = - 118,000 * 26,75 Te.o(T)

Combining equations (6) and (7) the equution representing
re;etivn (4) iz cbtuined:

A6° (18087 - 2000°Ks) = 3,300 = 2454 Peveens(B)

Prom this expression the volues of K, . shown in fable 3

were alealsted.



TABIE 3.

2%. 1% LegeE. | K

15%0%. | 1823%. | T.85 | 0.708
15755%. | 1848%. | T.844 | 0.698

1500°g. 1873%. | T.838 | 0.6
1625°%. | 1898%%. | T.834 | o.682
1650%. | 1923%. T.829 0.675
- 1675°2. agaazfg. 1.825 | 0.668

1706°¢. 1973°%. I.820 | 0.661

Bagh "rap® provided ozygen prescures oorrespunding
46 o peb of fixed taerctures 8t o conptant gilicon
concentration. Tha Oxygen pressures were intevpreted
from the katharomator ﬂea»ﬁécﬁiema, 8 coptinuves rocord
of whieh ws obtsined from the trage of the yecorders
The dats obtuined sxre ghomn in the table below.

from 3xpe riments.

bats Cbizined Direct

TOTAL 5 ILICON
Hos | Indit.| Pimnl Tanpersture | Kato.Defl. ‘PH o
. , , 2
2 wha "‘“’: 7t g, Divigions Aty
1. | 2.0 | 1.8 1560, 15.8 (470
1&156. 1805 5'53
1 . 1631 ¢. 20.0 597
17063 G 24.5 | T-20




- TOTAL 31 1GON

Ry Init. 2iml Zenparature into.Nefl. ?% o
% whs :;f whe ‘. Diaviaions N
2, 0.6 G785 155900 24,0 T.13
| 16458+ 32.2 9.8
166 . 34.7  10.38
|3 Ge3 QeGB4 1535 6. 24.5 7.3
T assgge. 300 8.97
1679 ¢. 1.0 12.24
4 1.0 04847 1589 ¢ 231 6.90
, 16400 29.0 8.66
| - 1668°¢. 3T 9447
5. Ged 04487 15510 32.6 9.60
1562,0. 32.7 9.79
1610,C. 4.0 12.25
1648,,C. 45.5  13.65
| 1665 ¢C. 43.0  14.28
6 0.4 0,373 15306. 4.9  12.20
1554.6. 421 12.57
1550°C. 48.2  14.36
74 G5 ©.568 15926+ 32,0 9.60
| 1620,G+ 36,3  10.84
16790 4.6 1337
. 1590 G. 30,6 .15
8. Ol 00308 153756 40.7  12.13
| 154 C. 44,0 . 1315
f 1597 ¢. 48.5  14.46
5. 1.0 1.387 16360 21.8 6.52
1665°¢ 265 7.2
El@' 5:0 4.65 15 ﬂﬁﬂu 1.5 2.281
. lﬁﬁﬁﬂﬂa 8.2 2+41
1%5”;3* 1.1 3660
1658 ¢. 9.3 2.89
112, 10.0 9.9 1703.,C- 4.5 1.4
1504 C. 4.2 1.22
12. 7.0 7.1 1636°¢. 4.2 1.22
% ' léﬁl;ﬁv : 5‘«1 1*51

1653°c. 545

1.63
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ToRhL BiLIGOR N |
10 Tnite m- T eApoTALUr e | KBU0.D6LL e ¥ o
. ) o P
7% owhe | 4 whe | "ﬁ. | Divielens | mu.
13' @*@ ﬂ#aﬁs 1543 gﬂ- . 21&9 5«34’
| ' 1605.¢. 26.5 7.9
o 3-591 ﬁw 5.4 10,57
14. | 0.0 | 0.48 15710 3342 9.92
' 1@7 e 103G 12.20
16347c. 4.7 |13.39

» molztion of the Iwggex‘m.
Direet interpretation of the data in the precedirg

table is impossible s emch point ropregents eguilibrium

concentrotione deteramined s+ some arbitrery %mam%@e
in the range 1550°C. - 1700°C. |

Prom the plot of oxygen prespure ugiinet tesperature
2% ecnpbtand silliecn ¢omeentr:tdin, the oxypen presmwe
wiss inberpolated Y enoh tempersiure batween 155070, wnd
1700°c. et 25°0. intexvels. Zho interpolsted date sve
- shows in Tubles 4 - 10, esch toble reprasenting the
devtherasl warission of ( .@&§ {Z E::a:if)' with {7el) .

The oxyzen in the liquid iron phuse wis oonsidered
By previous workers $0 be present op dlisaclved ferrous
ozide, rather ikra dlssclved axygens For the pnrpeﬁmé

of unifornity sni compurison, the oxygen premevt is

regirded here us being dus ¢ ferrius oxide ﬁ;aaolvm in

the dron.



CTMPERATIRE 1550°Cs

o
Lns

Pinal 5d Eﬂaﬁ Pﬂag/g%.- (Pe0) (gac}ﬁcz 54)

7 whe mme  x 1070 xim"‘i X3 -5
1 1.68 4.62 6.07  B.58  12.3%
2 0,785 8.85 5.00 12, 12.63
3 0.684 8.2 10.92  15.47  16.26
4 0.847  5.9% 7.82 11.08  10.35
5 ©.487 9.74  12.77 18.02  15.72
6 ©0.373 13.80  18.15 25.63  25.71
7 0.568 8,74 1150  16.25  15.03
§  0.388 12.47 16.48  23.20  20.90
9 1.387  4.88 6.42  9.07  1l.4
10 4.6  2.26  2.87 4.9 8.20
11 9.9 1.20  1.58 2.23 4.96
12 7.1 1.3 1.7 2.41 4407

0.825 6.30  8.28 1172  11.01
14 0.48  9.40  12.40  17.53  14.78

A plot of (?aﬂ?)a(z‘.' 8d) sgeingt (Fel) 1o shewn in
Figel6. The equaticn representing the best straight line
passing through theso points is given by

(7e0)3(T 51) = 0.818 x 107 (®e¥) + 2443 x 10~

8%



| : EABLE 5.
LR ERATURS 15757,

Pimal 5i :@%@' @ﬁzg}ﬁgé‘ (#ed) (’Fei“z}?(z ga,;g
r S whe  mme X 1@"3 210~ x 1077
1 1.63 5405 865 9.51  15.1 "
2 0.785  T.68  10.08 14445 1603
3 .68 9.13 12,05 = 17.25 20.4
4 6067 8.78 12.60 13+4
5 0.487 10.7L  14.12 20,2 19.9
16 0.37T3  14.80 19.48 27.9 29,0
7 0.568 9.6  12.65 18.1 18,7
8 0.388 13.30 17.30  25. 24.7
9 1.387  5.30 597 9498 13.87
1IC 4065 2.4 317 453  §.60
11 8.9 1.20 1.58 2426 5010
1€  Ted 142 1.87 2.68 3.04
13 0.825  7.08 g.32 13.36 14.76
14 Qaﬁac} lif}n“ ’ 13*% ‘ ’ 1@*33 13-31

4 plot of (Fe0)2(T 53) sgsimst {Fed) is shewn in
#4417, The equitlcn representive the best straignt
line pugsing through these pointe is given by

(Pe0)2(S 54) = 0.846 x 16°2(PeC) + 3.94 x 167

86
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SABIE 6.

TLEP SRATULS 1600°C.

- Faxel S Py o

0480

11.36

o Fuwofu, (wa}l‘ (f@)gcz &sm['

2 Whe mme  x 1073 | 10~ x 1677 |
1 1.68 5.5 7.7 10440 1801
2 0.785  B8.45  11.30 16410 20.4
3 04684 10.00  13.12 19.05 24.8
14 0847 7438 9473 1430 - 16.8

5 0.487 11472 15.42 22,17 24.3 ]

16 0.373 16,00 2108 30450 34.6 ‘
7 Ce568 10452  13.8¢ 20.02 22.8
18  0.388  l4.60  18.2  27.8 3.1
9 1.387 5.8  7-63  11.02 1649
120 4.85 2,56  3.37 4,88 11.0
113 6.8  1.20  1.58 0 2.31 5.3
iz 7.1 1.47 “ 184 -2.81 5.5
13 0.825 T.87  10.38  15.05 18.6
14 0. ' 14.95 2.7 22.5

A plot o2 (2e0)3(T 51) cgninst (FeV) 1o shemm in
Pig.l8.  The eguation represeniing the best straight
line pessing through these points is given by:

(Pe0)2(T 54) = 0,912 x 1672 (We0) » 5.21 x 1

o2
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UEMP BRATURE 1625%.

-

) ‘ , " " . . - ' N . . §
E‘m}. 53 N fﬁ’ﬁ .:%*Ez@/@ﬁa‘ { Pa) | (¥e0) (T 54)

2 whe omme =z 1070 x10™2 x 1077
1 1.68 5480 777 11.36 21.8
2 0.785  B8.12  10.6 15 .64 19.2
3 0.684 10.83  12.7 20.9 29.8
4 0.847 B8.20 10,8 = 15.8 21.0
5  0.487 12.78 1649 24.65 0.1
G 0.373 16.98  22.3 3248 B
7T ©0.568 11.40  315.0 22.0 275

0.388  15.71  20.7 0.3  35.6
9 1.387 5424 8.2 32.02 19.9
10 4.65 2.72 3.58 5.26 12.7
i1l 9.9 1+28% le84 2.41 5.8
12 7.3 1.55 2.0 . 2.99 6.2
13 04825  Be62 1134 1646 22.7

14 0.480 12.23 16.1 23.6 26.8

A plot of (:’é‘aﬁ}giz 54) wgainst (Pel) io shewn in
$lg.13. The equaltion réyr ssenting the best straight
line puscling through these pointe io given by:

(7e03%(C 54) = 1.012 x 10™ (Pel) » 5.84 x 10™2
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PABLE B+
P ArATIRE 165070,

Fimal si Pﬁai"‘ ?ﬁag/?% { ?e0) (m}acz s4)
2 Whe mme % 1070 x10™? % 1072
1 1.68 64 30 8.29 1243 25.2
2 0.785 10.05 @ 13.22 1.6 30.2
3 0684 11.65 15,31 22.7 35.3
4 0.847 B.93 11.72 17.4 25.6
5 0.487 13.80 18.1% 27.0 35.4
6 0.373 18.03 23.70 35.1 46.1
T 0.568 12.30 16.20 24.0 32.8
8§ 0.388 16.75 22.1 32,6 40.2
g  1.387 6.72 8.85 13.1 } 237
10 4.6 2.83 A.72 549 14.2
il 9.9 1.46 1.66 2.5 6.02
12 7«4 1.63 2.15 3.2  TeGT
i3 ﬁaﬁa§4 3.36 12434 18,3 277
14 0.480 13.20 7.3 25.7 3.6

A plot of (ﬁ’aﬁ}g(z %:‘s.) ngoinet (Pel) is shewn in
Pige20. The sgurtion yopresenting the best stralght line
pagsing through theee points is given by:

(Fe)A(T 64) = 1.101 x 1072 (Pe0) » 6.22 x 1070



. TACLE o
SRR SRATORS 1675°0.

4 V £y § & . B . 3 W »
Pimsl 53 »y o ﬁﬁae/‘&ag { Fo0) (el ST a4)

2
< wbe am.  x 1073 xo~ 5 1077

1 1.68 G.68 8.78 13.2 28.8
2  0.78% 10.82 1425 21.3 356
3 0.684 12,15 16.00 23.9 39.2
4 0.847 9467 12,75 18+ X.8
5 0.487 14.868 1930 28.+9 4047
6 0.373 19.14 25.2 377 - 53.0
T G*ﬁﬁa’; 13*31 17-4 25-@ 38&4
8 0.388 17.81  23.% Bl 47.2
] 1&33? ?n13 9'38 13.8 ‘ 26,7
10 465 300 3.95 5.9 16.6
il 9.9 1.29 170 2.5 8.0
2 1.1 1.0 2.24 3.4 77
13 c.825 10.10 13.3 159 32.7
14

04480 14.0  18.55  27.7 37.0

A plot of {(Fed)2(s 51) ngrinst {Pev) ie shewn in
Figs2le The equrbivn representing the vest straight
line thrdugh these puints la given by:

(Pe0)O(C 54) = 1.217 x 10™2 {Pe) » 658 = 10~2




- ZABLE 10
. TRGPERATORE 1700%C.

Piral §i a0 ng@/?ga (Fe0)  (Fe0)(X s4)
¢ whe mm.  x 107 xlsfj | X 10°
1 1.68 7.08  9.30 14.1 33.2
2 0.785 11.59  15.25 23.1 41.7
3 0.684 13.36 17.60 26,6 48.4
4 0.847 10.37  13.68 2.7 . 36.2
5 0.487 15.78  20.8 3.5 48.2
6 04373 20,16 27.9  42.2 6645
7 0568 14,00 38,4  27.9 44.3
B 0,388 18.8 24,75 37.4 53.6
9 1.387 7.64 10,02 15.2 31.9
110 465 30 408 6.2 17.6
11 6.9  1.30 .70 2.6 6T
12 7.3 1.7 2,34 35 8.7
13 0.825 10.88  14.34 2.7 38.8
14 0.480 15.00 19.73 = 29.9 42.8

A plot of {#e0)(3 54) sgpinst (Pev). is shewn in
Flg.22. The equaticn represcnting the best sirdight
line passing through these pointe is given hy:

(Fe0)%(5 51) = 1.338 x 1072 (paS) + 7.85 x 1070
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The Interpretation of the Flots of (ggmgtz 81) uguinet (Pe0)
Interpolstions from Fig.l4 (represeniing the vuristion

- of Wé’ﬁhﬁrﬁmtw readding with tSexmpersturs at econgitont
silicon concentraiion) were corwerted intoe the sppropriite
vilues of ferrcus Oxide otivity by using the ¢elibrstion
curve of the katherometer 40 Obizin the ralic ¢f the
portial pyesgures of the guser ﬁagmz&mﬁx’amn nixture,
and gubseguently oonverting this w:lue w ferrous oxide
'szewvmy from the datr in Tuble 3. The ferrous oxide
sgbivity, expressed m}a Qving @:f_‘ wedght percentuges, wos
sguared wnd multiplied by the ppropriste finsl pilicon
eontent me:sured by cgblysis. In this woy the duts
, ragmmem@wi in figures 16 - 22 were g¢uuputel, the plots
being the isotharme 5t the temperstures 1550°C., 1575°C.,
1600°0., 1625°C., 1680°0., 1675%. 2nd 1700°C. respectively.
i% is a*# onoe ohedius that, over the yongs imw‘s&gwé&;
these plots «ve hwﬁ roprecented by straighi lines with
popitive gradientss That ecoh of these plots hee s grodient
and ie not puyuliel to the adbgoises nxis implies timt the
proiuet {Faﬂ)g( T 54) 4s not constaent, but inoresses wikh
the fervous oxidie notivity. 7The only possible ezplaonation

of the observed fiobe ip thnt the $0%:l1 silicon contbent,
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mespured by snalyeis, is, for some renaon or other, greater
thun the smount reguired 40 sutiofy the eguilibriuvs for
- egquation {(9) below, snd thie diserepuncy inore:ses with
the degree 01 oxidation of the melt.
2 Fo + Bi = 510, # 2 8 esecsvensoncre (9)

Zhe éammzwy of silder in liguit iron mny be guaged
approximstely by metguying the agi:i;m«:m @_mmm: ‘w aslin
- eonteining lorge cacunts of oxygens ‘;atmh mssgurensnte
| " haive been wﬁa by mnfﬁa and Sime @ esé’;hw gworkers tpd
 in no case wos the silicon ﬁmm% found 0 be more thim

- 0«005% by weight at 1650°C. The effset of deternining

 suell quentities of dissolved silice in the totsl onalysis
. 38 therefore naggligima, 43 ‘bhé pmﬁmwé 02 dissolved
' 8ilicR dces nob exploin the exoems portion of silicom.
A further possible mz zm%ﬁ.tm might hea thnt the
| . digerepunoy in the ailicon mmtan'k is aecwmmi for by
© the applicztion 0f an sotivity correction. Such an
ezplan: tion seems unlikely beoruse the wolutions bdng
dexd¥ with are dilute -« the lurgest ferrous oxlde scobivisy
et with wos 0.042¢ by weidghts Bven if the aotivity
wx’rém%m was spprecieble 1% ds unlikely it would be«*;r

the observed rother cumplex (inverss ggusre] relaotionghip |



23

$0 the forrous oxiie notivity.

This diserepsncy in e silicon eontent cun best be
gsplaingd by the presence OFf silicon in some forn dispclved
in the liguid phise, other then dissolved silicon snd
silica. If the presence Of some ney ovmpound is smecepted,
compounde ©of four iypes ruset be consldered they uve:

(1) 1Iren silicide.
(2) silicon hydride.
{3) sdlicutes.

" (4) Hilicon monozide.

The Tirst possibility, that o iron gilicide, mny be
dismiseed inmedictely sa, 90 inovecsing the silicon
content, the guintity ¢f£ dron siliocide should incresse.
wamm thae diascrepsney inorvesses sz the silicon contbent
decre ses, snd g9 this popsiblliibty is mﬂa&eﬁ# Hothing
heg been found in $his work or in the woskk by others to
Juetify the prosence of b?sx*sa aamournts of = gilieon hydride.
Als¢ 1% s unlikely that the wneenitrntion of hydride
would inoreiae with lancrenpe 0f oxygen presusure. The
pregence of gilicotes would Jemnd incroised solubllity
+3 4 ma ecaplexes with inoreuge in OXygen pressurs. An

explomasion oa these lises wourld be rensUnsble, were it
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not for the Lo06 ot 56 vary Righ Oxygen pressurses the
toted silicun comtent is only o few shous ndthe of S

5ilicon wonoxdse hus £or seversl deciden been considered
%9 emist 4% stoclasking Sespersiures. In rooent ye.vs
1%s exisbonce ks been m@md 2% tempersiures :bove
Zi}%gm, 4 ite thermodynsmic properties hive been
elugidatol. PFor this reipon «lone gone silicun monoxide,
however 1ittle, muadt be present in the melt. Thnt the
smount of silicon monoxide ;:amaaﬁfs ic sufficient to
seesunt for the ahéewmﬁ iisorepuney Lny bé gaown in
the following woy. |

In Soobivn 1, deuling with the interpretetion of Lhe
regulis of zpffe “nd dime, the two yreucobiong sesuumed $0
exprecs the equilibris werc regirded Las

P ¢ BA B SA0 4 FB cesssevazeassecceses (10)

RS

3

B0 b B0 ® LA0, ¢ P eavecerisniineiienas (11)
The esguilibriwm constunts of these Wi ro:ctidne were:
oy resetiun (10): By = {5d0)/(5a)(Pel)
Por rengblion (1l1): K‘:& = 1/(2a0){540) .

From thowe dwo eguilibriun cotmetonie the following
dentity wie derived, reluting thew t¢ We tot:l silioun
contentt

1/8y.85p = (Pe0)2(2 81) « 0+836/K, = (¥el)
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12 the proportion of silicon menoxide present is
sppPreciable, %h.@ gradient of tm plot of (ﬁ*@%ﬁs’)g( S4)
:;»g;éim*f; {FeC) will be seseurable rnd the PpLo% will 'M
lipesr. Juoh plots wers miude 4-:.‘1::31«%?% nre found o be lineur.
it e for .'ﬁi:ra;:i,xz reuptn thet the presence of silicon monozide
i tsken W weotunt for the unexploined gwrﬁian of silicon
in the melt. |

ﬁ'rm the gmﬁwm apnd intergept of ench gyaph ”.;Bm
values of E L3 Et;: m:y be o.leulited. However, in order
$0 obbein on unbicsed knowledse ¢f esoh of theowse cunetunts,
the ﬁqﬁ;ﬁ%m for the best piredisht line wis sbught by

using the methed of leset squoxes.

The Shatistion
A amamm@u spnlyaie of the resulta wop corried oub
with the cksf%l purpose of testing the significince of tha

Gbe ¥z %i@n

line.rity of e:ob ploet und ulsv of finding the
of the m@mwim lina.
7o teat am sigrificance ¢f on spparently lineay
relrbicnshiy She corrd: tion evelficient is mlwbtm.
it is defined by the exprepseitn below where r ia the
coufficient.

rom Qx - x)(s - y’
,\/ﬁxw BT -5
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r hep oharsoberdstics such thot if dats cin ba rwmam-’wﬁ
‘exsotly by & mbruight line dhen it is egusl 0. 1. As
the gignificeince lossers s the v%&u&a of » ﬁw;aé:anﬁl“ j
no velution exists % 21l and » = Q. o

Inble 11 shows the correlstion coefficiemte csleulnted

for such temperctures In only one csse, that a% 1500°C,
does the value £211 below 0«G. -

fhe equition for the best straight line wee fourd by
deducing the Tegression of (,E‘e&}att! 34) upon (Pei)
by bhe method of lee:;atgquamm' This methol hus the
effect o roducing the sum of the squires of the deviations
of (@m.;;"‘gz $3) 40 » mindann velues. Such B mﬂuetim‘
gives the best ewtimate of valuss of {?aisjg(iz s54) %:rém |
vilues 0f (FoC)s Ihe valws Of Ky »nd K, ave ciloulated

R

from the constunts of the egusbicnse Whey ure shown

together with their logarithus in Znble 1l.



a7

! e _,
FilPe Cu SHEP. e CORRELATIUE({L/.0 | K, |iog K| X, (logk

| QUEFR. 2| 2 ) ¥ B 2y

o Imetad® 0%

1550%.  1823°K.  0.830 . |5.4945.290|2.7235| 0.7779|1.8909 |

15?5‘%}3* ’ 18&3{,%’- Gi?@,‘} o %.m 3-,375 2#52% Qﬁ?ﬁl@ 1037& :
1600°C. 1873%. 0.963 15339 [2.T33(2.4307 046975 |1.8435
1625°C,  1898°k.  0.974  |5.2682.723|2.4352|0.6286|1.7984
1650°0.  1923°%.  0.983  |5.200[2.783]2.4443|0.5777|1.7617
167°c.  1948%. 04991 . |5.134 |2.907|2.4635|0.5227|1.7283
1700%0.  1973%.  ©0.922  |5.068 |2.882|2.4598] 0. 4752| 1, 6769

Thermodynindo Properbies of the System.

Pigs 23 anawxé 3 plot of the virdsbion of the log:rithne
{»f exch 0f the eguilibriunm cunpiants with the regiprocsl
¢f the sbeoluie temperiture. The atundurd free-snergy
changaa ale ﬁariw& fyen the eguaticns representing the
sirnight-line portion of e:ch 9‘3.%. |

The gtendayd stutes of the silicon ond silicon
monogide aye congenirstion wi’ 172 by weight. ZThe ferrvus
oxide setivity is exproessed in ternms ﬁé wigm percentcges,
oxide in liquid iren, The copcentritlion of silic. in

1iguid ivon ie vregrrded us etmetunt 3% the eslurtion
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velne ot nny one tesperiture. This wilue is sutom:tie«lly
inamrgar;ﬁaalimAﬁhe-aguiii&#iam consant K, e The concentrat-
ion of ir@n, expressed in“éarma uf waight @ﬁre@nﬁmgaﬁ;
ﬁwy‘bé $:koxn 55 100 without serisus @rﬁa&; and thim
congiont figure iﬂaﬁrgérmﬁaé intu the &gﬁr@prﬁ&%@ aguil dbrian
a@aaﬁant.

iﬁ@ stanﬁara frec-energy ohange for o rescbion i
g@vernaﬁ by the r@lstiammniya

NG = RTINE = - 4575 T Log, K= AR - 205°.
Ihe iﬂllﬁwiﬁg egui tione denvneirste the verious Feactions
involved in the eguilibris. |

20 { in Pe) » B4 {7 io Pe) = iU (! in Fe) « Fe
Kl b (31&}/{@&)(?@@) PRAELST R BIERDTREISERARY (l}

Fel (7 in Pe) + £i0 {7 in Fe) = ﬁiﬁa {golid) » Fe
Kg o z/(%ig)(?eﬁ} Q’Q“l'ﬂ'l"l‘ﬂ#tvil,!#iitiﬁﬁﬂﬁ (a)

2 Pel {7 fn %a) + 34 (7 in Ja) = ﬁi@a(ﬁaiaa) + 2 Pe
1 2 = lf(f:%ﬁ.}(?aﬁ‘ Y L Y s R T cs)

/Kn = (i‘bi){’(%iﬁs) FRBEASERBINB IR ISR RTINS (4)
the equatione for the atandard freeeenergy chsnge, tue
stendard enbropy chunge, and $he ne-t of reagtlon ure

fnbulsated below.
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TABLE J2

i1 AG°= : A8 ge-onl Aﬁ“gwwi.fﬁfa&
1 - 1217 T o 12,17
2 | - 205500 + 2454 2 - 204500 - 2454
3 - 204500 w Be63 % - 20,500 - 8.63
4 - 3335% + 13.71 fff - 205500 ‘ 1371

The eape with whigh a rewobion will ocour ot 2 given
toupeminre is estimeted irom the atandsrd Freec energy
ch%mgaéawwmwmg %ha faﬁzwian, 'm'z&sc‘z%. %m gtandard
ﬁrw onaergy changes ﬁ@éﬁﬁmﬁwiﬂg gueh 0f the sbhowe resotions
are = 219500, = 155600, = 37,100 ond = 5,900 cala. A
cunporisun Of these figures indlic:.bes thit the oxidotion
0f silieon tv milicon monvxide is wore f:gile then the

“oxidntion of ellicin nonoxide 0 silics.

Resul s

s Runs using She Dew~bodnt Avparetus.

‘The vesulis corried out u% those higher oxygen

pressures aro ghovn in Sable 13.
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TART,

an (D58 MM,  (Ped) (red)i(msa)
1 0.7280  ©0.0046  21.2 x 1077 32.6 x 107
2. 009 ©eGl63 2346 22.8

3 o2 0.0302  43.7 32.8
4 04133 0a0323 468 29.2

5 D124 040334  4B.5 29.2

&  ©.207 040282  40. 2.4

T 0250  ©.0183 2647 17&7

8 0.40 0s0LT7  25.7 2644
8 083 ﬁt(}l‘?& 25.8 4L.7

16 0.201 0.0316  45.8 4240

fsker nione #nega‘§agm1%a have 1little significunoce
beciuse of the cunsidertble probmble error in mersuring
the wber vipour - hydrogen yatio in the gie mixture.
Zhis error probably urises both from the errvors of
mocgurenent und from fhe uncartuinty in aa%metiag the
atboinuent of equilibrinu. A plot ¢f these polnts, which
were obbudned 4t o tewpersbture 8 na.r ay possible o
1600°C., is shown in Fig.24.

The souter of the puinto is very wide, but the w:jordty
»f them lle below the line which represente the poeints
obtzined by the ko thirome ter technique. Suis vy men

thit a% the higher Oxygen presgures the grsdient of the



ko

10

FI6URE 24

Temp, 1b00°C,

;50. XIO'S
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plot chunges.

' fhe dots sre insuf ficient for vny definite eonclusivne
4o be drown, bul oven 80 the pointe agres zuong thenselves
36 & grecter degree than points obizined by other workers.
Evidently the ferrcus oxide cotivity incresses as e

product g%@)?(z g8i) inorenges.
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&halﬂﬁaugp%iaﬁ hsg hi%k%&iﬁ,hﬁ@n»mﬁﬂa Bh:it the glliom
cﬁnténa of the zelt dces pok alter while the inget io
nllowed G0 eéﬁim %uéﬁ,ag ms&@mpﬁiﬂa é%ﬁ be 3uati£iea
 Snly when iV ie shown $het segregstion of allies, thut any
be formed, 4oes not tuke plece during evoling. If during
couling soue ailieon ie omidised to silies which xises
to t&&’aurﬁﬁua* the total sllicon me2sured by snslyeis
will not represont the total silleon gontent of the melt
#% eguilibriug.

ﬁn&ly&i& Of ny inget produced under oonditicons
eondueive o the formation of silics in the melt showed
th&%jliﬁ%&@ a@gweggﬁiﬁn,%ﬁuk_glﬁﬁaﬁ The ingoi wae sswn

laterally through dts cenire apd each purt annlysed.

Apslyeiss

Lower portion. Upper portion.
Whe ©f mouple . 542543 & 77330 &
dte Of B30, PPt. | 01254 g (01921 g
o, Ei&x “ 123 ‘" 1.16

Thres selts were prepared, One under highly reducing
conditions, wne under highly oxidising conditions, und
one upder conditions norm: 1 4o the technigue :dopted in

the messursuents. These three ingots were cub vertieally



103

%ﬁmugh their cenbres, p&l&s%&, api exsmined for the
aaamrran&a. size 214 dispersion of iﬁﬁl&&iﬁﬁﬁ¢
Begides z undfopmaly ﬁerxtanad surficey thraa aiuﬁinaﬁiva
Hypes of dark potches cuuld be meeén rewdily in the Euwfmaag
theye yeors gfﬁhﬁbiy (ﬁJ_hlﬁwnhaiaa §r¢du@&& oy the evolution |
of gupg {ii) lorge inclusivng, Or the holes lefd by large
inclusions being torn fron tha.&urﬁaae,&arﬁmg pClishing;
Gr (13i) smsll inolusicns. Their idembtific tion rested
on the size ond ghepe Of the perbliouler putoh exsmiced.
These various types of inclusions were cunfined to certila
'azaﬁﬁay defined areug, ond gh&ﬁﬁmiaragr@yha were nude of
reprosentotive arvecs of euch lype. Disgrame f the three
malta are mﬁmwaimnﬁ angh melV ie counsidered in tufn.
Piged5, with plates 5 nnd 6, shiws %ha ervss sectlion -
of en ingot, wilh photonicrographs of the porsion 1@&&&@%@&
a% a~m&gnifi¢ﬂﬁiﬁﬁ,ﬁf eighty dizmmterss Ihe ingoet was
¢htsined by heuting = ahu$ﬁs of garbonyl dven contbudning
445 whaw! ©f powdered ailie@n; fhiw'wmm hested in «
pilic: eruoible to = %e&gawutﬁzw ot 1ﬁae“¢, in an stposphere
of dry hydrogens #Whewo this %emyera#uﬁg wug re.-ched,
hydrogen eontaining & very high woter~vipour content was
andmitsed anto the tube ond inﬁﬁﬁiwﬁ‘ﬁf the silicon in

the liquid iron allowed to t.ke pluce for a2 pericd of
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sbhont half an h@ur; Afbur thia perivd the furnice wos

ewept oul with o swift glroam a£ &rgﬁﬁ»aﬂﬁ eouled.
dxsmipstion of the polished surfcce of the ingot showed

priamerily thet no blow ha&éﬁ were progent. YNscept for

a band (4), aanﬁainingr& high concentration, the digpersion

of soell inaluai@n& wWim sven thronghout the surface,

apyrax&m@taiy in the cenire was looaded o lurge =nd well

coriivnimg large vneurionn

defiped are: (B)y) o woll o soms scnll inclusions lylng

in the aspres between., The large inclusione were confined

completely 6 thie central nyes. |

Pige26, with plates 7 and 8y shows the nelt m:de under
vigorously reducing conditione. ke silicon centent of
$his welt wop 1457, and the mignificction of the
photonlervgraphe iv =g in eighty dionaters,

An :rg: (A), nesr the 400 amrizce of the ingot, wes
found %0 gintnln » generml scatiaring of blow holes with
srell dnclusicns unifernly distributed betwoen. The grester
ridius of curvature of the upper surfsce ie indicuilve
of gra svoelutiops Howll irclusions were geattersd evenly
%hrﬂﬁghﬁuﬂ the surfsce, phowing oo pegregation 10 ke
place. Ap with the previcus melt s well defined avre: (B)
wze fourd opproximstely do $he cenire o the meldj thie

apen cg-din eonbuining # gener:l soestiering of muoeh lirgey
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Anglneions. Thesge lirger inclugions sre ghown clovdy on
y&é%& 8a | |
 #ig. 27, with plotes 9 =nd 10, shows the remilts of )

%ﬁ&iﬁﬁQwiaﬁ@iﬁﬂ 6L 8 m&iﬁ aﬁrri@ﬁ‘an% undor nérasl éanﬁiﬁianaé
The meld, conbtaining ahout Y of eilicin, win nerted 40 |
15@0Q@§g snd then the e&rf@ﬁn&ing.aﬁmﬁﬁ§ﬁmxﬁ brought to
%qailiﬁriuﬁkﬁiﬁh.iﬁ before %n@ melt wie gooled in & stresm
of pure 2rgon. o

A smsll 2res (A} nexyr the top aﬁxﬁwe& centained blow
holen, but their oo ncensTstion wos much less t}:#m “he |
gonuenty-tion of blow holes found in the selt m.de under
roduoing eondibicnue A goner:l ﬁeattmring’@f 8nall 1me1uaian{
wop found over the whols ﬁurfaca,‘ﬁaﬁ ngiin ne pegregsbion é
could be seen. In the cenire wos found 4n ores (8}
eenﬁaising>a localiged aw&aanﬁraﬁiﬁﬁ of the larger iﬁ@lﬁ&iansg

From thase Ghservetions 1% :my be ab:bed thot only on
oxidation of o amlt @anﬁ&in&mg'biga gilicon ouncenir:siions
4id any ﬁaﬁrﬁgﬁtian of the amﬁli inclusiong t:uke plice.
ﬁﬁim aégr&aﬂﬁia& UG B0 smwll‘&nd iceslised that its effect
sy be vegarded oe dnsignifieant. Ihe lirger Inclusicns
woers found %o ma 1@§a12aa&>at the aaﬁﬁre of eich melt.
This mwost be in censequence of uneven mé@ling ¢f the mélt,

tho senire being the lust purtion of the melt L0 golidify.






o6

wo gvidence wos found Lo suggest thui The @ilicon

spelyses were vitiated by She eliminstion of silies from

$he melt Guring the process of QuLling.
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411 thermodynimie dete ﬁaximﬁ have boan oalculated
from the interpretation of the plots of the producte
(?a@}%(): 54) agiinat the ferrous oxide zotivity. The
squilibrius conptant of the two resebtlons involved in
the equilibriunm sve W@mm@ by the gradlent and intervept
of these @lé‘&m, znd the agoursey ©f zeasurement depenis
on the MM*&W of the points foraing esch plod.

Ma@rmenm srrore my arise from mesgurements of
(1) tompercture, {ii) ferrous oxide =otiviwy, and
{341} wm gilicon gontent of the meli.

The errors o:nnot be acseswed enaily 1o give some
fizod me surs ©f the scowrnoy of the date, 80 the siondupd
devistion 2nd wardance of ench of the pleote wep oileouluted.
Thoy zra tobulzted below.

ZARLE 14.

Temperature stanlard devintion Yurisnce
155056, 2.98 x 107 -5 8.88 x 107 ~10
15?5 G 2.46 640%

1\‘:‘506’ @. 2.24 " 502 "
3.6%50& 2.23 " 497 o
1650 ﬁa : 2.10 i 442 o
1:}?3 + l.82 " 3.3 e

17c0° Q . 2420 " 4.84




lc8

The sccurnay 0f the teupsrature ueisurenent do mudh
gre:ter thin thol normslly met with in similar investigetions.
’i‘hé mlwmtim; agxiust the melting poinip of nickel wmd
| ;irén wakos &b peupible t0 elimim:te »ll errors due t0
emtsadviiy correctiona, whioh have %0 be spplied when
wiibmt&m is dnlirect. &iﬁbeﬁgh 3%%. differencos in
éezaéemtwa wers resdily mesrgsurable, the fiml messwr enent
of ‘ées@@m%wé ie not leimed with this seoureoy. The
ealibrotion reliss On the litent hexd ¢f fusion being
‘aataatea sharply jn the eocling curve. Ihe highest pointg
on the miiﬁm*&mn éhg:sr‘é s »¥ the melting peint of irom,
153‘.&%1: *ﬁmmm nesgurenent above this podnt relles
on extyapolation snd sguumesn thet the emdssivity of the
surfoce from which the vexperature i m&%mmﬁ rom: dng
aammm%‘ Phis asswption is not completely Justified
»nd involves sn error of sbout = 8°G. lieusurenents
relying on differcnces of tesperaturs cre subjected to
muoh greater zocumay, about - 3°C.

%han the pi% ‘of the logirithn of the egm&hﬁum
- oonstant agzingt the reeiproc:l of the z2baclute te@omwm
is conatructed, the grazdient of the ourve will depand oOn
-aowﬁa measurenent of &rﬁ’fqmmf% in t\wﬁ@mma. The

intercept of the plot relies on the abaolute culibration
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of veupomiure, and is therefwre no% kaven 50 ocur - tely
g the gredients Bufore v‘i:hé cecuray oL Bhe heud of
resotion ond the sbuodsrd entropy chvnge is discuused,
the acourmicy with which the equilibriuvm is seusured et
ﬁ@ conalideread.

The wazgloum ervoy 0f the ailicon smlysin is x Qe s
Errors derived ffam‘ﬁ&a incooursve wwieurement Of the
ferroue ondde welivily by the kutharometery sre sotim ted
to be Gefl . When the two errirs sre ¢cneldored together
they nre insuf ficiendt t¢ necount for the relotively lurge
stundsed deviabion.

Althowgn the eguilibriunm systen wus cppronched e
ne:rly e the scow:gy vi the no surements would nsllow,
ataa devistion must inevitubly ¢ccur. IThis devistion from
true aquﬁibmw pmmmy sopounbs for the greater :@:sﬂ;
0f the error shows by the scotter of the polnts n the
ylaté'mf {Eaﬁ}ﬁiilﬁi) pgringt the ferrous oxide aotivily.

foyr rezcbion 2, invelving the oxidation of sillevn
monoxide the beat éwf rezgidon temu any be tcken B0 be
socurite 56 - Qed kgeeonl. 7This tera i the expression
goy the stondard frec-cnergy chonge D the reuotion my
only be regnrded m n éaﬁzﬁzwe, for AV ioplies Bh:% the

hest of re.ebion iz independent of tenpersiure, on
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sopupption not wholly justified. he entropy tera of the
equition io sublect o @ layger erroxr, bt 010 ge-til. por
®e.

Resgbion 1, involving the ozxidetion of silicon %o
silieon monoxide, is subject %0 lovger errors thon resebion
2. The he.-% Qﬂ:r@mctimﬁ is probebly scourate GO - OB Mgeme:zly
axpi the entropy term 40 - U9 gemguds Py ﬁe¢

T.:%le 15 shous the repults 0Et4iﬂﬁﬁAﬁy Gihor workers.
ﬁxna@t fﬁr the repulte culeul:ted pd %ﬁ@aa Of Zupife ﬁﬁ&
um, the gru;‘mcﬁ (?3‘613}2(££i) wog deternined ot one ‘E&mpem#uref
only - o tenperuture in the regiém of 16@0G$’ & vae raaqlts
nove been cmitbed alaéga%har wm the r@l&mbiliﬁy of | |
tanp ore ture mecaurenent wis too vagueAfay the volues $0
nerdit porious consideration. Nomt of these resulis were
obtuined b grestly wvirying oxygen pressures and the
Eiliﬁﬁm;ﬁﬁncénﬁrﬂ%iﬁﬁ @aﬁm roeprogented the $ot:1 gilicon
determined by sualysis., Only in the results of this work
and the results of Zepffe «nd Hime ig the silicun term

corrected for the presence of silicin monozlide.



Sompurigon of resulte with bthose of vther workers. .

AUTHOR TEP.  (Fe0)S(5i)  REMARKS
H. Sehenck 1600%¢. 2.8 x 10~  nxperiment
Klrber & Celsen " L i
Herty & Fitterer " 14.9 »
Herty & Chrigtopher u 20.7 Plant dodn
L o # 18.5 higon result
portevin & Perrvin " 60 . ~ axperiment
Durken | " 61 o
Berusymaenke “ 110 "
sohenck & Bridggemamm BH.5
Fedsnoe ' " 5.0 Caloulrted
Jd. Chipumn " 4.8 ‘*
sapife & pimg " G5 Exp erdment
Results from this work 1600°G.5.21 . pxperiment.

from tnble 19, @xpffe .und siume' resmlt for the produet

2

(Pe0) (1)t 160¢°C. 18 9.5 x 1077 when corrected for

silicon monoxide. This walue wig ineressed 0 14.5 x 1.0"“5
when the snnlyeis indiested in Secbion 1 wig applied to
their data. The value cbtuined in this regesrch nt =
temperature of 160G C. was 5.21 x 1672, Thege Figures

srg aboubt the same order of mognitude snd eompare favourzbly
when the repults of previcus investigutors wre considered

t00. Yhe viluss 0F El nnd Ez sabﬁ%:iza@& by sopffe anl sdms
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sre compsred with the resulis of this investig:tion in the
$table beltay.

2& g m lé +

TEMPRATURE  ZAPPFE umd SIS  THIS ISVASTIGATION

TR B K&
1550%., 30,8 Te@x10°  5.29 x20° 77.8

© 2 2 ' -
1800°¢. 26.3 4.00 2 10 2.75 2 105 .8

In genernl 4% sy be stuted thes the produet (?ﬁﬁ}ami}
inore:ses with incrscse in omygen 'praﬂ&uﬂ where the dato
Were auwma by esperiment. E8rber smd Valpen's resulbs
wers a‘h‘&@zmaﬁ from melis in contuet with slig und open
to sn sUmosphere Of air, 1% is not sarprising thet suoh
& high voluwe is obbtoined when it is understood th.t the
OxXygen 9mwm éf the =melt must he rointively high.

Huch dloser sgreemmnt is found betwsun She results
Sbtinined in thias wirk snd the n&lmﬂim of éﬁo@mﬁé and
the mgss;mimwm of ahipm{ﬁ. It is interesbing %0 note
%2t the volue 0f the product of the mguure of the fawrous
oxide motivity with wé eorrected silicon ecnoentrabion

obtdned an this work is %ﬁe'm@n itj.f the resulis of
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HoGence apd Chipmsn.

ﬁhe gmaénﬁa of wesgureble wcwrﬁwﬁ of silictn
monoxide in sillcom-rich slegs hae been guggested by
auﬁml Rugsisn workers, notebly P. Ve Gol'd and M. I.
I{aehmv (afmm& Frikladnoi Kbhimii., 1943, g;, 1248) end
m 'h Gel'd snd C. A. EZsin {Doklady Akodendi Nouk $858,
1950, 10, 473). ﬁl’e&wm the resence 0f oilicon monoxide
4n %he elsg phuse hus been confirmed 1o mam@wmg dato

are givm.

in ma teunp ara ture mme 1823 « 1973°K. m siandard
free Wgy raamrga fox mw reu aobim

::si@a (s023d) #» 51 (1.) = 2340 (gue)
bae been found by A. J. E. ¥eleh end H. C. Tomds (Paper
to ba Qﬂlﬁ.m&a)ﬂ ‘1:15 is given by the eguation:

06° = 117.1 = 00509 © (47 kgewoulse).

Richerdeos sxd Jeffes (J. Iron Steel Inat., Dec.1949,
417) ohloulutsd the standsrd fre¢ energy shange for the
ronokion

8i (liquid) + Fe = 5i (7 activity in Fe).
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¥or the reagtion
810, (8013d) + 51 (7 in fe) = 2 830 (4 dn Pe)
06° = 20,500 = 00137 T+ (Mgemoilss)s
Consequently for reselion
5AC (gee) + Fe = 330 {/ activily in Fe).

»w‘”‘ = - 62.6 + 0.0189 (kg.-colss).

eusions 0f buis Tomk.

L ﬂ&sgib&

The repults ¢f thio inwveatdgation, slthough conclusive

over the ronge investig:ted, le.ve stue problems abtill
to be pulved. The wost lmportont fxon the m;m&ame

, Jerrovn oxide
vieapolint de the extensivn of the runge of exysen cotivity
in the liquid i}hs,;a‘ea o the poeinit of eaturailon =% 10 by
whe The uobivity coefficients of the varivup re cbinte
probbly rem: ;rﬁ@ﬁ constant over the runge inveotig:tod
e%hérwiwa the plos (3@*&;)3{_}3 Gi) woul? not be linewy. If
this plot ocould be extended to the gaturstion podnt, any
change of gméim@ would probably be due w u chunge in
one or wusre of the f.zcm#iﬁy eogiflolenis. Any extension
of the rmnge relies on ﬁhé SR w &m,‘aam'ésmém & the
witer vipour content of the surrounding vbaospheres A
useful toul in this direotion would be = kuthuromeber

smlyser adipted so shat 4% could be meinsained in o
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thermogtat bokh ot u temper:ture of 6’5%» eoad usod b0
wetgure very much m@ar mmr‘v%aar«gmwﬁmm This
m@h T emperature s neceseury to prevent the depogition
of dew on the w:lle of ﬂm sralyser fros the gog ﬁsw@xm.
o relisble ne'surements hi:ve been mide Lo shov the
port gilicon uonoxide takes in re.ctions eecurring in the

- slzg phase.
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