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Table 1 Calculated results of regular solution model and experimental data of activity of Pb-Sn alloy at 1050 K

Xpp VPb,exp VPb,cal App,exp App,cal YSn,exp VSn,cal Asn,exp Agn,cal
0.9 1.035 1.012 0.932 0.910 3.458 2.554 0.346 0.255
0.8 1.124 1.047 0.899 0.838 2.151 2.098 0.430 0.420
0.7 1.246 1.110 0.872 0.777 1.571 1.763 0.471 0.529
0.6 1.382 1.204 0.829 0.722 1.293 1.517 0.517 0.607
0.5 1.514 1.336 0.757 0.668 1.156 1.336 0.578 0.668
0.4 1.641 1.517 0.656 0.607 1.084 1.204 0.650 0.722
0.3 1.764 1.763 0.529 0.529 1.042 1.110 0.729 0.777
0.2 1.899 2.098 0.380 0.420 1.017 1.047 0.814 0.838
0.1 2.043 2.554 0.204 0.255 1.004 1.012 0.904 0.910




4530 &4 10 0 (EES, 55 BIEG S RA IO LT A AR R T 2401

2 905K FEbH G EIE EIERME AL TS E S Sl

Table 2 Calculated results of regular solution model and experimental data of activity of Sb-Sn alloy at 905 K
Xsb VSb.exp VSb,cal asb.exp asp,cal VSn,exp VSn,cal Asnexp asn cal
0.9 0.991 0.991 0.892 0.892 0.486 0.482 0.049 0.048
0.8 0.965 0.965 0.772 0.772 0.561 0.562 0.112 0.112
0.7 0.923 0.922 0.646 0.646 0.647 0.643 0.194 0.193
0.6 0.847 0.866 0.508 0.519 0.726 0.723 0.290 0.289
0.5 0.800 0.798 0.400 0.399 0.800 0.798 0.400 0.399
0.4 0.726 0.723 0.290 0.289 0.867 0.866 0.520 0.519
0.3 0.647 0.643 0.194 0.193 0.923 0.922 0.646 0.646
0.2 0.566 0.562 0.113 0.112 0.965 0.965 0.772 0.772
0.1 0.486 0.482 0.049 0.048 0.991 0.991 0.892 0.892
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Table 3 Calculated results of regular solution model and experimental data of activity of Bi-Sn alloy at 600 K
XBi VBi,exp VBi,cal ABiexp aBi,cal VSn,exp VSn,cal Asnexp asn,cal
0.9 1.000 1.002 0.900 0.902 1.159 1.196 0.116 0.120
0.8 1.002 1.009 0.802 0.807 1.145 1.152 0.229 0.230
0.7 1.009 1.020 0.706 0.714 1.122 1.114 0.337 0.334
0.6 1.021 1.036 0.613 0.622 1.097 1.083 0.439 0.433
0.5 1.039 1.057 0.519 0.528 1.075 1.057 0.538 0.528
0.4 1.065 1.083 0.426 0.433 1.053 1.036 0.632 0.622
0.3 1.104 1.114 0.331 0.334 1.033 1.020 0.723 0.714
0.2 1.160 1.152 0.232 0.230 1.016 1.009 0.813 0.807
0.1 1.241 1.196 0.124 0.120 1.004 1.002 0.904 0.902
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Table 4 Calculated results of sub-regular solution model and experimental data of activity of Pb-Sn alloy at 1050 K

Xpb VPb,exp VPb,cal apb.exp apb,cal YSn,exp VSn,cal Asn exp agn cal
0.9 1.035 1.016 0.932 0.915 3.458 3.738 0.346 0.374
0.8 1.124 1.063 0.899 0.850 2.151 2.642 0.430 0.528
0.7 1.246 1.135 0.872 0.795 1.571 1.994 0.471 0.598
0.6 1.382 1.231 0.829 0.738 1.293 1.596 0.517 0.638
0.5 1.514 1.346 0.757 0.673 1.156 1.346 0.578 0.673
0.4 1.641 1.474 0.656 0.590 1.084 1.188 0.650 0.713
0.3 1.764 1.607 0.529 0.482 1.042 1.091 0.729 0.764
0.2 1.899 1.732 0.380 0.346 1.017 1.035 0.814 0.828
0.1 2.043 1.834 0.204 0.183 1.004 1.008 0.904 0.907
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Table 5 Calculated results of sub-regular solution model and experimental data of activity of Sb-Sn alloy at 905 K

Xsb VSb,exp Vsb,cal asp,exp Asp,cal VSn,exp Vsn,cal Asn,exp Asn,cal
0.9 0.991 0.991 0.892 0.892 0.486 0.481 0.049 0.048
0.8 0.965 0.964 0.772 0.772 0.561 0.561 0.112 0.112
0.7 0.923 0.922 0.646 0.646 0.647 0.643 0.194 0.193
0.6 0.847 0.866 0.508 0.520 0.726 0.723 0.290 0.289
0.5 0.800 0.799 0.400 0.399 0.800 0.799 0.400 0.399
0.4 0.726 0.724 0.290 0.290 0.867 0.866 0.520 0.520
0.3 0.647 0.645 0.194 0.194 0.923 0.923 0.646 0.646
0.2 0.566 0.564 0.113 0.113 0.965 0.965 0.772 0.772
0.1 0.486 0.486 0.049 0.049 0.991 0.991 0.892 0.892
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Table 6 Calculated results of sub-regular solution model and experimental data of activity of Bi-Sn alloy at 600 K

XBi yBi,exp yBi,cal aBi,exp aBi,cal ySn,exp ySn,cal aSn,exp aSn,cal
0.9 1.000 1.002 0.900 0.901 1.159 1.142 0.116 0.114
0.8 1.002 1.007 0.802 0.806 1.145 1.121 0.229 0.224
0.7 1.009 1.018 0.706 0.712 1.122 1.099 0.337 0.330
0.6 1.021 1.034 0.613 0.620 1.097 1.077 0.439 0.431
0.5 1.039 1.057 0.520 0.528 1.075 1.057 0.538 0.528
0.4 1.065 1.089 0.426 0.435 1.053 1.038 0.632 0.623
0.3 1.104 1.130 0.331 0.339 1.033 1.023 0.723 0.716
0.2 1.160 1.184 0.232 0.237 1.016 1.011 0.813 0.808
0.1 1.241 1.253 0.124 0.125 1.004 1.003 0.904 0.902
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Table 7 Parameters of B obtained by infinite dilute activity coefficient method™"®!

i TK Vi Vj Vs Z B; B;
Pb-Sn 1050 2.195 6.816 10 10 0.504 1.246
Sb-Sn 905 0.411 0.411 10 10 0.565 1.476
Bi-Sn 600 1.356 1.158 10 10 1.210 1.146
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Table 8 Calculated results of simplified MIVM and experimental data of activity of Sn-Pb alloy at 1050 K
Xpp VPb.exp VPb,cal apb.exp apb,cal VSn,exp VSn,cal Asnexp asn cal
0.9 1.035 1.034 0.932 0.931 3.458 3.448 0.346 0.345
0.8 1.124 1.119 0.899 0.895 2.151 2.194 0.430 0.439
0.7 1.246 1.235 0.872 0.864 1.571 1.626 0.471 0.488
0.6 1.382 1.371 0.829 0.822 1.293 1.336 0.517 0.535
0.5 1.514 1.518 0.757 0.759 1.156 1.178 0.578 0.589
0.4 1.641 1.670 0.656 0.668 1.084 1.089 0.650 0.654
0.3 1.764 1.818 0.529 0.545 1.042 1.040 0.729 0.728
0.2 1.899 1.958 0.380 0.392 1.017 1.014 0.814 0.811
0.1 2.043 2.085 0.204 0.208 1.004 1.003 0.904 0.903

RO 905 K KM MBI A &I BERIAL # 70T A AR P AR BB R T S8 5 S0 H

Table 9 Calculated results of simplified MIVM and experimental data of activity of Sb-Sn alloy at 905 K
Xsb VSb.exp VSb,cal asb.exp asb,cal YSn,exp VSn,cal Asnexp asn,cal
0.9 0.991 0.993 0.892 0.893 0.486 0.469 0.049 0.047
0.8 0.965 0.967 0.772 0.773 0.561 0.544 0.112 0.109
0.7 0.923 0.922 0.64 0.645 0.647 0.628 0.194 0.188
0.6 0.847 0.860 0.508 0.516 0.726 0.714 0.290 0.286
0.5 0.800 0.787 0.400 0.393 0.800 0.796 0.400 0.398
0.4 0.726 0.708 0.290 0.283 0.867 0.868 0.520 0.521
0.3 0.647 0.628 0.194 0.188 0.923 0.926 0.646 0.648
0.2 0.566 0.550 0.113 0.110 0.965 0.967 0.772 0.774
0.1 0.486 0.478 0.049 0.048 0.991 0.992 0.892 0.893
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Table 10 Calculated results of simplified MIVM and experimental data of activity of Bi-Sn alloy at 600 K
XBi VBi,exp VBi,cal ABiexp agical VSn,exp VSn,cal Asnexp asn,cal
0.9 1.000 1.001 0.900 0.900 1.159 1.146 0.116 0.115
0.8 1.002 1.003 0.802 0.802 1.145 1.132 0.229 0.226
0.7 1.009 1.008 0.706 0.706 1.122 1.114 0.337 0.334
0.6 1.021 1.018 0.613 0.611 1.097 1.095 0.439 0.438
0.5 1.039 1.034 0.520 0.517 1.075 1.074 0.538 0.537
0.4 1.065 1.059 0.426 0.424 1.053 1.053 0.632 0.632
0.3 1.104 1.097 0.331 0.329 1.033 1.034 0.723 0.724
0.2 1.160 1.153 0.232 0.231 1.016 1.017 0.813 0.814
0.1 1.124 1.235 0.112 0.124 1.004 1.005 0.904 0.904
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Table 11 Calculated average relative deviations S and average
standard deviations S"of regular solution model of activity of

components in Sn-based binary alloys

i TK S, xS; £5/% *S;/%
Pb-Sn 1050  0.0661 0.0630 9.7526 10.5560
Sb-Sn 905  0.0038 0.0008 0.5832 0.2819
Bi-Sn 600  0.0038 0.0008 0.5832  0.2819

Average 0.0246 0.0215 3.6397  3.7066
value
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Table 12  Calculated average relative deviations S and
average standard deviations S”of sub-regular solution model of

activity of components in Sn-based binary alloys

i~ 7K +8 +S; £85,/% S;/%
Pb-Sn 1050 0.0598  0.0785  8.4729 12.6780
Sb-Sn 905 0.0038  0.0006 0.3893  0.2664
Bi-Sn 600 0.0064 0.0064 13544 1.3402
Average
value 0.0233  0.0285 3.4055 4.7615
& 13 B Iu A T LA 2 5 A LA AR AR
TUF5I0 f 72
Table 13  Calculated average relative deviations S and

average standard deviations S of simplified MIVM of activity

of components in Sn-based binary alloys

i TIK +87 £, x8/% S;/%
Pb-Sn 1050 0.0087  0.0094 1.3866  1.3487
Sb-Sn 905 0.0047  0.0030 1.5012  1.3627
Bi-Sn 600 0.0016  0.0014  0.3664  0.3920

Average
0.0050  0.0046  1.0847 1.0344
value
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Fig. 1 Vapor-liquid equilibrium phase diagrams (7—x—y phase
diagrams) of tin-based binary alloys at 5-10 Pa: (a) Pb-Sn;
(b) Sb-Sn; (c) Bi-Sn
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Model prediction of activity and
vapor-liquid equilibrium of tin-based alloy system

REN Jia-gi"** XU Jun-jie"** KONG Ling-xin"***, YANG Bin"*** XU Bao-qiang">**

(1. National Engineering Laboratory for Vacuum Metallurgy,
Kunming University of Science and Technology, Kunming 650093, China;
2. Key Laboratory for Nonferrous Vacuum Metallurgy of Yunnan Province,
Kunming University of Science and Technology, Kunming 650093, China;
3. State Key Laboratory Breeding Base of Complex Nonferrous Metal Resources Clean Utilization in Yunnan Province,
Kunming University of Science and Technology, Kunming 650093, China;
4. Faculty of Metallurgical and Energy Engineering,
Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The activities of components of Pb-Sn, Sb-Sn, Bi-Sn alloys were predicted using the regular solution
model(RSM), the sub-regular solution model (SRSM) and the simplified molecular interaction volume model (SMIVM).
The average standard deviation of the MIVM is the smallest, which is 0.0050 and 0.0046, respectively, indicating that the
simplified MIVM is reliable for the prediction of the activities of components of Sn-based alloys. The vapor-liquid
equilibrium (VLE) prediction model for binary alloy systems is developed by using the MIVM combined with vacuum
metallurgy and VLE theory. The VLE data of the above Sn-based alloys was calculated, and the VLE phase diagrams
(including 7—x(y) and p—x(y) phase diagram) were drawn by using the calculated VLE data. A comparison between the
calculated VLE data and experimental data was also carried out for validation purpose, which indicates that the method is
reliable for prediction of VLE of Sn-based alloy systems. The experimental conditions for separating Sn-based alloys by
vacuum distillation and the composition of product under different distillation conditions were analyzed based on the
VLE phase diagrams, which can provide theoretical basis for the improvement of vacuum distillation equipment and the
optimization of distillation process.

Key words: vacuum distillation; tin-based alloy; activity; VLE; thermodynamic model
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