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Thermodynamics of Ni-Mg-O and Ni-Nb-Mg-0O Melts in Equilibrium with Solid MgO

Fujio Isun, Mitsutaka Hino and Hiroyasu Itou

Synopsis

: The deoxidation equilibrium of magnesium in liquid nickel and nickel-niobium alloys has been measured at the

temperature ranges from 1873 to 1973 K and 1873 K respectively, by the use of magnesia crucible with a view to
understanding the equilibrium between magnesium and oxygen, and the effect of niobium on the activity coefficients

of oxygen and magnesium in liquid nickel.

For the deoxidation reaction in pure liquid nickel, i.e.:

MgO(s) =Mg+0

the effect of the temperature on the equilibrium constant, Kugmn (= aug* @0/ amgo) , was found to be:

log Kueoy = —25500/T +7.78

while the effect of magnesium on the activity coefficient of oxygen in liquid nickel was expressed to be :

logf ¥, =(— 126300/ T +39.0)[%Mg]

0.003< [%Mg] <0.07

The deoxidation equilibrium of magnesium in liquid nickel-niobium alloys with 0.005-0.042 mass% magnesium has
been measured up to 8 mass% niobium. The activity coefficients of magnesium and oxygen in liquid nickel-niobium

alloys were given by the expression :

log/ 8w +logf Namn = —0.12[ % Nb]

[9%Nb]l <8

Key words : deoxidation equilibrium ; equilibrium constant ; Mg ; Ni; Ni-Mg alloy ; Ni-Nb-Mg alloy ; deoxidation product ; interac-

tion parameters.
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Fig. 1. Changes of magnesium content with time in
liquid nickel.
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Table 1. Experimental results of Ni-Mg-0 system.

(a) 1873K
" Heat No. Time(min) ppm Mg ppm O log K* [%Mg]+152[%0]
NM 4-1 10 360 5.0 —4.7447 0.0368
NM 4-2 15 320 4.4 —4.8514 0.0327
NM 5-1 15 565 11.1  —4.2026 0.0582
NM 5-2 20 500 85 —4.3716 0.0513
NM 5-3 30 425 5.1 —4.6640 0.0433
NM 5-4 40 335 3.7  —4.9068 0.0341
NM 5-5 50 245 29 —5.1484 0.0249
NM10-1 15 390 46 —4.7462 0.0397
NM10-2 30 315 4.1 —4.8889 0.0321
NM10-7 85 30 6.0 —5.7447 0.0039
NM12-1 15 405 6.0 —4.6144 0.0414
NM12-6 90 30 5.5 —5.7825 0.0038
NM16-1 10 645 16.0 —3.9863 0.0669
NM16-2 15 525 9.5 —4.3021 0.0539
NM16-3 20 365 6.0 —4.6596 0.0374
(b) 1923K
Heat No. Time(min) ppm Mg ppm O log K [%Mg]+152[%0]
NM1-2 10 305 7.3 —4.6524 0.0316
NM1-5 45 40 13.0 —5.2840 0.0060
NM2-1 15 460 12.2 —4.2509 0.0479
NM2-2 30 260 - 6.2 —4.7926 0.0269
NM2-3 50 102 51 —5.2838 0.0110
NM2-4 70 40 86 —5.4634 0.0053
NM3-1 20 245 58 —4.8474 0.0254
NM3-2 30 160 7.8 —4.9038 0.0172
NM3-3 40 105 52 —5.2628 0.0113
NM3-4 55 40 13.4 —5.2708 0.0060
NMe6-1 15 475 14.3 —4.1680 0.0497
NM6-2 25 375 10.0 —4.4260 0.0390
NM6-3 35 242 8.2 —4.7024 0.0254
NM6-4 50 120 7.1 —5.0696 0.0131
NM6-5 65 70 8.3 —b5.2358 0.0083
NM7-1 10 290 6.9 —4.6988 0.0300
NM7-2 15 245 6.8 —4.7783 0.0255
NM7-3 20 210 53 —4.9535 0.0218
NM7-4 30 145 6.2 —5.0462 0.0154
NM7-5 40 103 6.2 —5.1948 0.0112
NM9-1 10 140 6.0 —5.0757 0.0149
NM9-2 30 85 6.8 —5.2381 0.0095
NM9-3 45 45 9.5 —5.3691 0.0059
(c) 1973K
Heat No. Time(min) ppm Mg ppm O log K' [%Mg]+152[%0]
NM13-1 10 76 16.4 —4.9043 0.0101
NM14-1 10 340 20.3 —4.1610 0.0371
NM14-2 15 260 12.7 —4.4812 0.0279
NM14-3 20 207 13.2 —4.5635 0.0227
NM14-4 35 64 215 —4.8614 0.0097
NM15-2 20 325 13.0 —4.3742 0.0345
NM15-3 30 205 11.4 —4.6313 0.0222
NM15-4 40 110 12.5 —4.8617 0.0129
NM18-2 15 415 20.5 —4.0702 0.0446
NM18-3 20 325 14.1 —4.3389 0.0346
NM18-4 25 235 16.6 —4.4088 0.0260
NM18-5 30 160 125 —4.6990 0.0179
NM18-6 35 85 16.0 —4.8665 0.0109
NM19-2 15 355 19.3 —4.1642 0.0384
NM19-3 20 255 18.0 —4.3382 0.0282
NM19-4 25 134 14.0 —4.7268 0.0155
NM19-5 30 70 14.0 —5.0088 0.0091
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Fig. 2. Equilibrium between magnesium and oxy-
gen contents in liquid nickel.
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Table 2. Experimental results of Ni-Nb-Mg-O system at 1873K.

Heat No.  Time(min) %Nb %Mg %0  log K’  eM&([%Mgl+152[%0))  log 7" +log /i e +ent
NNM6-2 25 281 0.0425 0.00152 —4.1898 1.2726 —0.3774 —0.1343
NNM6 3 30 2.85  0.0370  0.00095 —4.4541 1.0918 —0.2939 —0.1031
NNM6-4 35 276 0.0260 0.00074 —4.7158 0.7703 —0.3537 —0.1281
NNM6-5 40 273 0.0200 0.00060 —4.9208 0.5939 —0.3251 —0.1191
NNMé6-6 45 269  -0.0075 0.00072 —5.2676 0.2441 —0.3281 —0.1220
NNM3-2 15 415 0.0285 0.00098 —45539 0.8517 —0.4342 —0.1046
NNM3-3 20 413 0.0210  0.00093 —4.7093 0.6365 —0.4940 —0.1196
NNM3-4 25 382 0.0110 0.00089 —5.0092 0.3508 —0.4798 —0.1256
NNM5-2 20 597 0.0040 0.00370 —4.8297 0.2733 —0.7367 —0.1234
NNMS5-3 30 592 0.0075 0.00187 —4.8531 0.2937 —0.6930 —0.1171
NNM5-4 35 592 0.0050 0.00282 —4.8508 0.2637 —0.7253 —0.1225
NNM4-5 40 836  0.0055 0.00852 —4.3292 0.5240 —0.9866 —0.1180
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Table 3. Comparison of the interaction parameters, eban and ebwre) at 1873K.

Element,j Mg Al Si Cr Fe Co Ni Cu Y Nb Mo Hf W
ebow —284 —147 —0065 —0.171 —0.025 —0005 —  —0015* —6.47 —0.12** —0.025 —9.75 —0.0040
ey —198 —1.17 —0.066 —0.055 — 0008 0006 —0013 —612 —0.12 0.005 —5.85  0.0085

* eg?Ni) + 1/2 egl‘Z‘Ni)’* * eg(bm) + eﬁzmn
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