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Thermodynamic model of CaO-SiO,
binary slags equilibrated with Si-Ca binary metal
system based on minimized Gibbs free energy principle
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Abstract: A thermodynamic model was developed for a close system of CaO-SiO, binary slags equilibrated with Si-Ca
binary metal system based on the minimized Gibbs free energy principle of a close system, in which the reaction ability
of components in slags was presented by the mass action concentration according to the ion and molecule coexistence
theory. The calculated relationship between mole fraction of Ca, x¢,, in silicon melt and mole fraction of CaO, xc,o, in
Ca0-Si0; slags is in good agreement with the reported results, i.e., the optimal composition range for xc,o is 0.3  xca0

0.4. The calculated relationship between the ratio of Si activity in melt to mass action concentration of SiO, in slags and
the ratio of Ca activity in melt to mass action concentration of CaO in slags follows the intrinsic relation, while the
calculated results has higher accuracy than that from the reported results based on experiments. Therefore, the mass
action concentrations of components in CaO-SiO, slags can be successfully used to present reaction ability like
component activity in slags. The determined standard molar Gibbs free energy change for reaction [Ca]+0.5(SiO,)=
(Ca0)+0.5[Si] from the developed thermodynamic model is ArGf" cao =89 532.7-21.8T (J/mol) with reliable feasibility.
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Table 2 Comparison of measured compositions of CaO-SiO, binary slags equilibrated with Si-Ca binary metal system and

calculated resultst! ™!

Measured

composition of Measured composition

Calculated composition

Calculated N; of structural unit in

Temperature/  Ca0-SiO, binary in Si-Ca metal phase(—) in Si-Ca metal phase (—) Ca0-Si0; binary slag (—)
K slag (-)
Xsio, Xca0 XCa, tested Xsi, tested Xeacal Xsi,cal Neo N, sio, Newosio,  Nacwosio,
1823 0.645"7 03551 0.000352™ 0.999 648 0.000307 0.999 693  0.002 250 0.482 581 0.483 887 0.032 407
1823 0.597"  0.403"  0.000 515 0.999 485" 0.000 505 0.999 495 0.003 281 0.381 190 0.561 983 0.055 187
1823 0.547"7  0.453M"  0.000 735™ 0.999 265" 0.001 052 0.998 948  0.005 619 0.252491 0.638 295 0.106 404
1823 0.506"7  0.494"  0.001 927" 0.998 073" 0.002 151 0.997 849  0.009 312 0.157 099 0.659 787 0.178 458
1873 0.604"7 0396 0.000391™ 0.999 609" 0.000446 0.999 554  0.003 244 0.395219 0.553 453 0.049 706
1873 0559 0.441™  0.000 819" 0.999 181" 0.000 765 0.999235 0.004 822 0.295573 0.619 331 0.082 686
1873 0.510™7  0.490™  0.001 688" 0.998 312 0.001 572 0.998428 0.008 071 0.188393 0.662 027 0.145 545
1873 0.494"  0.506™"  0.002 067" 0.997 933 0.002 064 0.997936 0.009 809 0.155916 0.664 300 0.174 880
1873 0.677% 0323 0.000 176" 0.999 8241 0.000215 0.999 785 0.001 802 0.545599 0.431532 0.021 968
1873 0.679%1 0320 0.000 146 0.999 854 0.000211 0.999 789  0.001 797 0.549 578 0.428 068 0.021 455
1873 0.674%  0.326®  0.000 1817 0.999 8191 0.000221 0.999 779 0.001 879 0.539 637 0.436 665 0.022 759
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