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Thermodynamics of Ni-Ca-O and Ni-Ta-Ca-O Melts in Equilibrium with Solid CaO
Fugio Tsun, Mitsutaka Ho and Hivoyasu Iton

Synopsis : The deoxidation equilibrium of calcium in liquid nickel has been measured by the sampling technique at the temperature
ranges from 1873 to 1973 K using calcia crucibles. The effect of tantalum on the activity coefficient of oxygen in liquid
nickel have been also investigated in order to understand the effect of the alloying element on the activity coefficient

of oxygen for the production of superalloys.

The effect of temperature on the equilibrium constants, Kea (= aca* a0/ aceo), for the deoxidation reaction in liquid

nickel, i.e
Ca0(s) =Ca+0
was found to be:
logKca = —19430/T +5.35

while the temperature dependence of the deoxidation product, K'ca (= [9%Cal[%0]), and the effect of calcium on the
activity coefficient of oxygen in liquid nickel were determined by the expressions :
10gK’ca =logKca — (— 75900/ T+28.7) ([%Cal +2.51 [9%0])

logf§*= (—75900/T +28.7) [%Cal

0.01 <mass%Ca<0.13

The results below 0.0lmass% calucium obtained at 1973K have been discussed.
Further, the effect of tantalum on the activity coefficients of oxygen and calcium in liquid nickel-tantalum alloys at

1873 K were given by :
logfI*+logfta=—0.12[%Tal

mass%Ta<4.

Key words : deoxidation equilibrium ; equilibrium constant ; deoxidation product ; Ni; Ca; Ni-Ta alloy ; interaction parameter ;

nickel alloy ; nickel based superalloy.
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Table. 1. Experimental results of Ni-Ca-O system.

(a) 1873K
" HeatNo. Time(min) ppm Ca ppm O logK' [%Cal+2.51[%0)
NC 5-1 10 900 133 - -3922 0.0933
NC 6-2 25 1200 23.0 -3.559 0.1258
NC 6-3 40 975 15.7 -3.815 0.1014
NC 65 70 700 8.8 -4.210 0.0722
NC 66 85 620 84 -4.283 0.0641
NC 7-1 10 700 104 -4.138 - 0.0726
NC 74 45 460 85 -4.408 0.0481
NC 75 55 400 73 -4.535 0.0418
NC 7-6 70 320 7.6 -4.614 0.0339
NC 77 80 250 85 -4.673 0.0271
NC 7-8 95 200 79 -4.801 0.0220
NC104 70 165 109 -4.745 0.0192
NC10-5 90 110 10.8 -4.925 0.0137
NC10-6 110 63 7.2 -5.343 0.0081
NC10-7 120 40 43 -5.764 0.0051
NC11-2 40 1200 26.0 -3.506 0.1265
NC11-3 55 1100 17.2 -3.723 0.1143
NC11-4 70 955 13.1 -3.903 0.0988
NC11-5 85 850 132 -3.950 0.0883
NC12-1 15 1090 19.8 -3.666 0.1140
NC12-2 35 910 138 -3.901 0.0945
NC12-3 55 735 104 -4.117 0.0761
NC12-4 70 670 9.4 -4201 0.0694
NC125 90 570 84 -4.320 0.0591
NC 12-6 110 470 7.0 -4.465 0.0488
(b) 1923K
HeatNo. Time(min) ppmCa  ppmO log K' [%Ca)+2.51[%0]
NC 14 25 1240 414 -3290 0.1344
NC 1-5 35 1020 23.0 -3.630 0.1078
NC 1-6 45 870 19.0 -3.782 0.0918
NC 31 10 1100 309 -3.469 0.1178
NC 32 25 895 243 -3.663 0.0956
NC 4-1 15 670 14.6 -4.010 0.0707
NC 42 30 540 142 -4,115 0.0576
NC 43 45 465 135 4202 0.0499
NC 44 60 350 123 -4.366 0.0381
NC 45 70 265 134 -4.450 0.0299
NC 4-6 90 185 16.6 -4.513 0.0227
NC 84 50 320 168 -4.270 0.0362
NC 85 65 250 13.1 -4.485 0.0283
NC 86 75 200 16.4 -4.484 0.0241
NC 87 85 140 148 -4.684 0.0177
NC 9-1 10 255 144 -4.435 0.0291
NC 9-2 40 170 16.3 -4.557 0.0211
NC 93 55 115 172 -4.704 0.0158
NC 94 70 65 9.0 -5.233 0.0088
NC 95 80 30 8.0 -5.620 0.0050
NC 9-6 90 12 8.0 -6.018 0.0032
(c) 1973K
HeatNo. Time(min) ppmCa ppmO__ logK' [%Cal+2.51[%0}
NC13-1 20 520 248 -3.890 0.0582
NC13-2 35 365 23.0 -4.076 0.0423
NC13-3 50 235 26.1 -4212 0.0301
NC 134 70 160 324 -4285 0.0241
NC 13-5 90 82 16.4 -4.871 0.0123
NC13-6 105 35 13.8 -5.316 0.0070
NC13-7 120 8 146 5933 0.0045
NC 14-2 40 180 324 -4234 0.0261
NC14-3 60 90 19.8 -4.749 0.0140
NC 144 75 45 16.3 -5.135 0.0086
NC 145 90 25 12.3 -5.512 0.0056
NC14-6 105 9 154 -5.858 0.0048
NC147 120 7 159 -5.954 0.0047
NC15-1 20 150 338 -4295 0.0235
NC15-2 40 "0 21.0 -4.833 0.0123
NC 15-3 60 20 202 -5.394 0.0071
NC 154 75 9 16.1 -5.839 0.0049
NC 15-5 90 8 170 -5.866 0.0051
NC 15-6 105 6 13.1 -6.105 0.0039
NC15-7 120 5 13.9 -6.158 0.0040
NC15-8 165 4 12.8 -6.291 0.0036
NC16-0 10 1180 44.6 -3279 0.1292
NC 16-1 25 805 282 -3.644 0.0876
NC 16-2 40 640 270 -3.762 0.0708
NC16-3 55 505 225 -3.945 0.0561
NC 16-5 95 250 240 -4222 0.0310
NC 16-6 115 160 227 -4.440 0.0217
NC 16-7 130 9% 16.0 -4.842 0.0130
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Fig. 1. Equilibrium between calcium and oxygen
contents in liquid nickel.
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Fig. 2. Plot of log K'ca vs.[%Ca]+251[%O0] in
liquid nickel.
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Fig. 3. Temperature dependence of logKxmi
in liquid nickel.
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Fig. 6. Deoxidation equilibria in liquid nickel
at 1873 K.
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Table. 2. Experimental results of Ni-Ta-Ca-Q system at 1873K.

HeatNo. Time(min) %Ta ppmCa ppmO logK" [%Cal+2511%0)  log/y "+ logfe e+ en

NTC 6-1 15 1.80 835 208 -3.760 0.0887 -0.2151 -0.1195

NTC 62 30 1.79 645 138 -4.051 0.0680 -0.1701 -0.0950

NTC 5-1 15 2.45 640 203 -3.886 0.0691 -0.3210 -0.1310

NTC 5-2 35 248 450 178 -4.09 0.0495 -0.3429 -0.1383

NTC 5-3 55 255 315 135 4371 0.0349 -0.2403 -0.0942

NTC 92 30 255 560 173 4014 0.0603 02570 -0.1165

NTC 9-3 45 249 465 156  -4139 0.0504 -0.2887 -0.1159

NTC 81 15 3.65 495 215 3973 0.0549 -0.4022 -0.1102

NTC 82 30 375 370 218 -4093 0.0425 . 0.4286 -0.1143

0
1873K
e§*=—75900/T+28.7
23 -0.2 \°
w2 -0. LN g s ; - .
g \;’\ (3)EMNI-TaREF DR L CaDIHEMBIZF LITT
Re B N TaDREILI8T3K, 4 massB ATz TRD L 5 146
2 04
AN iz,
N .
-0.6 log f&2+log fla=—0.12[%Ta]
0 1 2 3 4 5

Tantalum content(mass%)

Fig. 7. Plot of log f*+log fI2 against tantalum
content in Ni-Ta alloys at 1873K.
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log Keo = —19430/T+5.35
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