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Correlation between Infinite-Dilution Partial Molar Excess
Enthalpy and Vapor-Liquid Equilibrium of Sn-Based Binary
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Abstract; By means of molar volumes and infinite-dilution partial molar excess enthalpy of components,
interaction parameters of the Wilson equation have been obtained. VLE (vapor-liquid equilibrium) phase diagrams of
Sn-X (X=Bi,Cd,Ga,Ge,In,Pb and Sb) systems at 5 Pa are modeled successfully based on the Wilson equation. The
results indicate that the predicted values agree well with the experimental data. It shows that the method could
provide effective prediction for the vacuum distillation process of alloys and theoretical guides for separating and
purifying crude metals in cases if the activities of components are scarce.
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Table 1 The related parameters of the componentst* (1 mm Hg=133. 322 Pa)

i Vapor pressure equations/mm Hg v;/(em® « mol ™ 1)

Bi lg(P*) =—10 400T ' — 1. 26lgT + 12. 35 (T=544~1 833 K) 20.8[1+1.17 X 107 (T —544) ]
Cd lg(P*) =—5819T ' —1.257lgT + 12. 287 (T=594~1 039 K) 14[141.5X 107*(T—594)]
Ga lg(P*) =—14 330T ' — 0. 8441gT + 11. 42 (T=303~2 573 K) 11.4[140.92 X 107*(T—303)]
Ge lg(P*) =—18 700T ' — 1. 161gT + 12. 87 (T=1 232~2 973 K) 13.2[140.89 X 107 (T —1 232)]
In lg(P*) =—12 580T ' —0.45lgT+ 9. 79 (T=430~2 373 K) 16.3[140.97 X 10 (T —430)]
Pb lg(P*) =—10 130T ' — 0. 985lgT + 11. 16 (T=601~2 023 K) 19.42[1+1.24 X 1074 (T —600) ]
Sh lg(P*) =—6 500T ' +6.37 (T=904~1 913 K) 18.8[14+1.3 X 10(T—904)]
Sn lg(P*) =—15500T" +8.23 (T=505~2 548 K) 17.0[140.87 X 10 (T —505)]

% 2 Bi-Sn,Cd-Sn,Ga-Sn,Ge-Sn.In-Sn,Pb-Sn #1 Sb-Sn {& % iy Wilson 75 & & %'+
Table 2 Calculated parameters of the Wilson equation for Bi-Sn,Cd-Sn,Ga-Sn,Ge-Sn, In-Sn,Pb-Sn and Sb-Sn systems''*

ij T/K H;" /(] + mol™) H;*/(J « mol™") A; A;
Bi-Sn 600 520 460 0.8115 1.121 9
Cd-Sn 773 6582 9 357 0.588 8 0.294 5
Ga-Sn 723 2 841 3899 1. 065 7 0.500 8
Ge-Sn 1273 3211 2 266 0.857 0 0.880 9
In-Sn 600 —640 —871 0.474 9 1. 665 9
Pb-Sn 1050 5413 6 996 0.689 3 0.605 9
Sb-Sn 970 —4 637 —3072 2.308 8 0.193 6
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Table 3 The average standard error and the average
relative error of predicted values of activities for

Sn-X(X=Bi,Cd,Ga,Ge,In,Pb and Sb) systems

ij +5; +S; +S,/% +8,/%
Bi-Sn 0.013 0.016 3.94 4.23
Cd-Sn 0.125 0.116 30.19 29.91
Ga-Sn 0. 006 0.008 1. 60 1.78
Ge-Sn 0.014 0. 009 3.53 3.07
In-Sn 0. 030 0.015 7.58 6.47
Pb-Sn 0.027 0.018 5.42 4.59
Sb-Sn 0. 083 0.078 28. 87 27. 84
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Table 4 Comparison of calculated VLE data with experimental VLE datal'*? for the Bi-Sn binary alloy system at 5 Pa

T/K Time/min XSn.exp Zén.cal XS, cal Ysn.exp Vén,cal Ysn.cal

1150 360 0.948 7 0.863 6 0.869 9 0.001 4 0. 000 2 0.000 2
1 200 360 0.989 7 0.938 9 0.941 4 0.006 5 0. 000 5 0.000 7
1 250 330 0.999 8 0.969 1 0.970 7 0.009 7 0.001 9 0.002 1
1 300 300 0.999 9 0.984 7 0.985 4 0.017 4 0. 006 5 0. 006 3
1 350 270 0.999 9 0.992 6 0.992 8 0.029 0 0.015 1 0.015 3
1 400 240 0.999 9 0.995 8 0.996 1 0.077 9 0.038 8 0.043 0
1 450 210 0.999 9 0.997 5 0.997 7 0.118 2 0.097 1 0.105 0
1475 180 0.999 9 0.998 1 0.998 4 0.165 8 0.150 8 0.1555
1 500 150 0.999 9 0.998 8 0.999 1 0.190 7 0.219 4 0.219 8
1525 120 0.999 9 0.999 3 0.999 3 0. 300 8 0. 309 8 0.3135
1 550 105 0.999 9 0.999 5 0.999 5 0.429 2 0.454 6 0.458 0

Note: xé,ca and y&n.cal are fitting parameters of component activity; sy, ca and ysn.ca are results of this paper

RS5 PrSn R AEHRSPAaKHTR-RATEHNITEESEIRE" NILR
Tabel 5 Comparison of calculated VLE data with experimental VLE datal'® for the Pb-Sn binary alloy system at 5 Pa

T/K Time/min TS exp 2, cal Zsn.cal Vnsexp Vel Vsn,eal

1 200 240 0.999 0 0.944 5 0.957 0 0.008 5 0.000 9 0. 000 7
1 250 180 0.999 9 0.9717 0.978 6 0.0137 0.002 3 0.002 3
1 300 120 0.999 9 0.985 8 0.989 8 0.018 4 0. 006 3 0.005 8
1 350 105 0.999 9 0.993 3 0.994 9 0.035 5 0.015 3 0.016 0
1 400 60 0.999 9 0.996 0 0.997 0 0.077 0 0.043 2 0.045 5
1 450 60 0.999 9 0.998 1 0.998 6 0.096 0 0.106 4 0.106 2
1 500 60 0.999 9 0.999 1 0.999 3 0.2237 0.2215 0.212 6
1 550 60 0.999 9 0.999 8 0.999 8 0.193 5 0.458 0 0.459 9

Note: 2, and yé,. . are fitting parameters of component activity; s, ca and ysa, . are results of this paper
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