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Application of molecular interaction volume model in separation of
Pb-Sb, Pb-Ag and Sb-Cu alloys by vacuum distillation
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Abstract: Based on the molecular interaction volume model (MIVM), the pair-potential energy interaction parameters B;;
and B;; were calculated by using the Newton—Raphson methodology with the aid of experimental data of infinite dilution
activity coefficient y”. Then, the activities and activity coefficients of the components of Pb-Sb, Pb-Ag and Sb-Cu alloys
can be obtained from Bj; and Bj;, a comparison between the calculated and experimentally determined values of activities
was also executed. Finally, the vapor-liquid phase equilibrium compositions of components of Pb-Sb, Pb-Ag and Sb-Cu
alloys were calculated. The results show that the agreement between the calculated and experimentally determined values
of activities is excellent. The vapor-liquid phase equilibrium composition indicates that the components of Pb-Ag and
Sb-Cu alloys can be separated from each other thoroughly by vacuum distillation, the components of Pb-Sb alloy cannot
be separated by vacuum distillation one time. The above analysis results indicate that the validity and reliability of the

MIVM in the activities calculation of the components of these alloys and the prediction of the separating effect in vacuum
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distillation are good. This research provides a good theoretical principle for the separation of binary alloys by vacuum

distillation.

Key words: molecular interaction volume model (MIVM); activity; vacuum distillation; separation
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Table 1 Values of %,*, 3,*, B; and
[18]

ZIuEE i Wy s yO By M By &

Bj; of binary alloys i—j at

different temperatures

i~  TK oy~ ol By B;; Zi Z

Pb-Sb 905 0.779 0.779 1.01471.0275 10.29 8.74
Pb-Ag 1273 0.924 2.031 1.06700.8116 9.55 11.19

Sb-Cu 1190 0.028 0.378 1.41760.6324 6.92 11.84

®2 Aeamrs g

Table 2 Related parameters of componentst'® %
AH,,/
i Vil (c*mol ™) (kmol™) oi/A re/A
‘mo
19.4[1+1.24X 107 X
Pb 4.81 350 270
(T-600)]
11.6[1+0.98 X 107* X
Ag 11.09  2.88 246
(T-12 34)]
18.8[1+1.30X 107*X
Sb 3975 2.80  2.40
(T-904)]
7.94[1+1.00X 107*X
Cu 13.00 256 2.15

(T-1356)]
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Table 3 Vapor pressures of components of alloys at different
[21]

temperatures
Vapor pressure/Pa

T/K

Pb Ag Sb Cu
1073 7.23 6.74X107  2.74X10*> 2.18X107°
1173 4.22X10" 870X1072 8.99X10*> 4.84X107*
1273 1.86X10° 7.48X107" 245%X10° 6.53%X107
1373 6.55X10? 4.68 5.77X10°  5.99X107?
1473 1.93X10° 227X10' 1.21X10* 4.05%x10"
1573 4.97x10° 8.98x10" 2.31x10* 2.13
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Table 4 Activity coefficients of Pb-Ag alloy system at different temperatures

1073 K 1173 K 1273 K 1373 K 1473 K 1573 K
e VpPb YAg VpPb YAg VpPb YAg VpPb Yag VpPb YAg VpPb Yag
0.1 1.005 1.838 1.006  1.829 1.007 1.818 1.008 1.816 1.009 1.811 1.009 1.807
0.2 1.023  1.667 1.024  1.653 1.025 1.642 1.025 1.634 1.026 1.626 1.026  1.619
0.3 1.056  1.516 1.057  1.502 1.058 1.491 1.059 1.48 1.06 1.471 1.06  1.464
0.4 1.108  1.386 1.11 1.371 1.111 1.362 1.112 1.351 1.113 1.343 1.114  1.336
0.5 1.188  1.274 1.189  1.262 1.189 1.251 1.19 1.24 1.19 1.238 1.191 1.232
0.6 1.303  1.181 1.302  1.171 1.302 1.162 1.299 1.158 1.298 1.153 1.297 1.149
0.7 1.473  1.106 1.465 1.099 1.459 1.093 1.453 1.091 1.448 1.088 1.444  1.085
0.8 1.724  1.049 1.702  1.046 1.7 1.043 1.669 1.041 1.657 1.04 1.647 1.039
0.9 2.108  1.013 2.056 1.012 2.05 1.012 1.982 1.011 1.955 1.01 1.933  1.010
y =% a1 WK 24 Ag FHAE 0.6~0.9 YE[H A, BT
X AW, T Ag R AR R 4 Rl T Y 352 B

MK 4 WT5, Po-Ag (AR, R I E 141

T, bEE Ag

HTEE, Ag HE LR BOEWR N,
Pb [FHERIAWTHI: 2 Ag &
W, HARFFAAZIS, Pb (355 R BB IR T A

BAE 0.1~0.5 JulH

HIRETHE AR N 7E 800~1 300 CHY, A/l
FlN, Pb Al Ag Eﬁfﬁﬁ*ﬁ&%ﬁk? 1. 5 mr4,

R TR AT, B Cu M E, Cu g
JEE R ECEWIE R, Sb IR3E FE RECR W Moo
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Table S Activity coefficients of Sb-Cu alloy system at different temperature

1073 K 1173 K 1273 K 1373 K 1473 K 1573 K

o Ysb Ycu Ysb Ycu Ysb Ycu Ysb Ycu Ysb Ycu Ysb Ycu
0.1 0.991 0.44 0.992  0.441 0.992 0.439 0.992 0.437 0.992 0.436 0.992  0.435
0.2 0.965 0.514 0.966  0.509 0.967 0.505 0.968 0.502 0.968 0.5 0.969  0.498
0.3 0.922  0.591 0.924  0.583 0.925 0.577 0.926 0.572 0.927 0.569 0.928 0.566
0.4 0.861 0.67 0.864  0.66 0.866 0.652 0.867 0.646 0.868 0.642 0.869 0.638
0.5 0.786 0.75 0.788  0.738 0.79 0.729 0.791 0.723 0.792 0.718 0.793 0.714
0.6 0.698  0.825 0.699  0.813 0.7 0.805 0.7 0.799 0.7 0.794 0.7 0.79
0.7 0.603  0.893 0.6 0.883 0.598 0.876 0.596 0.871 0.594 0.867 0.593 0.864
0.8 0.503  0.948 0.494  0.942 0.488 0.937 0.483 0.934 0.479 0.931 0.476  0.929
0.9 0.404  0.986 0.386  0.983 0.374 0.982 0.365 0.981 0.358 0.979 0.353  0.979

R 6 Pb-Sb A EIRRAFIUEE G KA

Table 6 Activity coefficients of Pb-Sb alloy system at differnet temperatures

1073 K 1173 K 1273 K 1373 K 1473 K 1573 K

" Vpb Vsb Vpb Vsb Vpb Ysb Vpb Vsb Vpb Ysb Vpb Ysb
0.1 0.815  0.997 0.814  0.997 0.813 0.997 0.813 0.997 0.812 0.997 0.812  0.997
0.2 0.851  0.990 0.851  0.989 0.850 0.990 0.850 0.990 0.850 0.989 0.849  0.989
0.3 0.884  0.977 0.884  0.977 0.884 0.977 0.884 0.977 0.883 0.976 0.883  0.976
0.4 0.914  0.960 0.914  0.959 0.914 0.959 0.914 0.959 0.914 0.959 0913  0.959
0.5 0.939  0.939 0.939  0.938 0.939 0.938 0.939 0.938 0.939 0.937 0.939  0.937
0.6 0.961 0913 0.961 0.913 0.961 0.912 0.961 0.912 0.961 0.912 0.961 00911
0.7 0.978  0.884 0.978  0.883 0.978 0.883 0.978 0.883 0.978 0.883 0.978 0.882
0.8 0.990 0.852 0.990 0.851 0.990 0.851 0.990 0.850 0.990 0.851 0.990 0.850
0.9 0.998 0.816 0.998 0.816 0.997 0.816 0.997 0.816 0.998 0.816 0.997 0.816

AR, AR, Sb s R BB K,
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Fig. 2

Vapor-liquid phase equilibrium composition at
different temperatures: (a) Pb-Ag system; (b) Sb-Cu system; (c)
Pb-Sb system
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