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Equilibrium between Aluminum and Oxygen in Fe-36%Ni Alloy and Liquid Iron at 1973K

Hiroyasu FUIIWARA, Atsushi HATTORI and Eiji ICHISE

Synopsis : The deoxidation equilibrium for aluminum in liquid iron and Fe-36%Ni alloy were carried out under pressure controlled Hy/H,O gas at

1973K.

Within the composition range of [%0]<0.008 and [%A1]<0.018, the values for the interaction parameter between aluminum and oxygen

in liquid iron and Fe-36%Ni alloy were determined as —9.5+5.9 and —26.2+8.7, respectively. The values of the equilibrium constant for

the deoxidation reaction:

AlLO4(s)=2Al(1 wt% in metal)+30(1 wt% in metal)

for liquid iron and Fe-36%N:i alloy were obtained to be —12.5 +0.3 and —12.6=0.3 in logarithmic scale, respectively.

Key words : deoxidation equilibrium; aluminum; iron-nickel alloy; interaction parameter; dissolution free energy; thermodynamics.
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Fig. 1. Gas control system. A=hydrogen gas cylinder,
B=floater mater, C=soda lime, D=platinized as-
bestos at 723K, E=water bath, F=saturator (H,0
or H,S0, sol.), G=argon gas cylinder, H=soda
lime, I=silica gel, J=phosphorous pent-oxide,
K=sponge titanium at 873K, L=oil bleeder,
M=joint to the reaction furnace
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Fig. 2. Schematic diagram of the reaction furnace. A=gas

inlet, B=molybdenum rod, C=thermocouple,
D=gas outlet, E=rubber stopper, F=water- cooled
brass cap, G=radiation seal, H=quartz reaction
tube, [=alumina tube, J=alumina protection tube,
K=porous alumina protection crucible, L=dense
graphite heating element, M=molten metal,
N=mulite brick, O=water-cooled copper coil,
P=porous alumina Tammann tube.
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Table 1. The H,O/H, ratio and analytical results.
No. H,O/H, X 10° Mass ppm Al Mass ppm O
Liquid iron
HM10 8.68 160 — 51+ —
HMI11 11.45 13.5% 25 74+ 2
HM13 8.68 16.1 % 1.6 50+ 2
HM14 8.68 16.9= 0.7 48+ 1
HM15 421 62.2* 09 32 6
HM16 11.10 159+ 1.7 65+ 2
HM29 6.18 260 1.2 45+ 1
HM31 1.64 1782+ 1.2 14+ 2
Fe-36%Ni alloy
HM17 17.11 31.7+ 08 49+ 1
HMI19 23.61 20.1= 0.8 74 2
HM22 20.78 154= 0.7 78+ 5
HM23 15.00 213= 03 49+ 3
HM24 9.98 40.0 = 13.9 43 9
HM26 4.21 1357+ 94 28+ 2
HM27 7.53 59.6x 3.0 39*15
HM28 6.26 109.0*+ 5.3 3512

Mn<0.001, P<0.001, S=0.0001, Cu<0.002, B<0.0001, Total
0<0.27, N=0.0004 in mass%) % 7zi3Fe-36%NiA&12+1g
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Fig. 4. Plots of Eq. (5) to (7) for pure iron at 1973K.
(@) log(py, o/pyy [%60]) vs. [%Al],
(b) log([%A1[%O0]’) vs. ([%Al]+1.125[%01),
(c) log(ply o/ P [%AI) vs. [%O].
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Table 2. Activity coefficient of aluminum and oxygen at infinite dilution and other calculated thermochemical parameters for lig-

uid iron at 1973K.

e Inyg Iny3,
~1060 —4.40 -1.71

—127%2

AG3/K] eb'

log K po
—92*4

—9.5£59 —12.5+0.3

nFER, 2,3FLTH L7,
(8)~(10)DIIEAEHIZFHEL 72 & & | (11)~(13):\A8
R 50, BN mERRA N A BERENEF
NB=0(8)~(10)RDH 5 KIGi (=8, 9, 10)1Z 2V THH
XN EEEROMW KIS ALERE X HEC 5. nBIOF#K
BRAEBOERLUTY, nllOBlERER2EGON TS L&,
Z0;FEO -HMOBPEEIZH TS IOREMHS 210
¥—ORTTERL-MEAE§(HETHE, XKXTETZ
EMNTE S,

S(J)=AGPARTINK(j) +eereevemsmsmmmmsnssnsnsssssees (14)

22T, KG)RBRO HOMEEY, & BN BRI
IZOWTOEEEROETH 5. 5)) 13 FHNEIZTHREH 1
&, WEINBNREIST A —FInys, Inys, eV EMETH
For s, 3-1THRZEIEZ, AH~U3)RUZEL T
RN RAFT 5 2212k DT X — 4 — DRIEE
AR DL, TAZNCERGEYR SfE X e BRI &
NREAETH S, ID~(1HREFL < ABFIMKL 72 b
TID Y, Inyg, el DEAEONDE I EAREF LN,
(14 RA% i, T U THBIIZIZ0E 53 2 L EFETI
2, ZOSHDi, IV TO RS RNELEDS KIS
EHTST A — 4 =D REEE S A EEAOND, DF
D, RATEZONSSOMEMR/NMILD &I &ny,
Inyg, eAZ DV T O —HIDOBUE £ PUE § TRV,

S= BN P HBU N HE NP ] roeveereemeeeeoes (15)
=1
Si2/89 X — 4 —1nyS Inys, e DR TH Y, T 5
INe B BEREE, KR THALNh S,

[ as J _[ oS J _[ oS ] 0
MY Jppesr \OMYA s ey IEE' Jrnys s

S(HEYS Inyg, edD1IXMATH B0 TAO)NIEInyg
Inys, MBI 23 LRARRE D, WBREES
IR RRD 5N D,
LLEDFRIEIZFE, WEkioxhT 2 HEM R 6 £12(16)
KXo BH LIy, Inyg, ey OEGHEE, KU, (1)~
(19) DEIRR A FV T2 U 72 36BIBUE 4 Table 2127R3 .

581:230_3(MAI/MFe)eél .......................................... 17

Table 3. Standard deviation of the slope and the intercept
for the plots of Egs. (5) to (7).
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Fig. 5. Interaction parameter in molten iron plotted against
the reciprocal of absolute temperature.
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Table 4. Activity coefficient of aluminum and oxygen at infinite dilution and other calculated thermochemical parameters for

Fe—36%Ni alloy at 1973K.
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Fig. 6. Plots of Eq. (5) to (7) for Fe-36%Ni alloy at
1973K.

(a) log(py o/py [0 vs. [YeAl],
(b) log([%AI[%O0T) vs. ([%Al]+1.125[%0]),

(©) log(pi,o/pii [%A1]%) vs. [%O].
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