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Separation of Various Elements in Crude Metal or
Alloy during Vacuum Distillation®

Dai Yongnian

Abstract: The feasibility to vacuum distillation of a crude metal or an alloy was discussed. The equilibri-
um relationship between vapor phase and liquid phase in A-B System—p,/p, =B, a’ /b has been
derived. The separation coefficient 8, = rApA/( r,p,) is a judgment criterion. By calculation p,/p,, the
equilibrium composition diagram of vapor phase and liquid phase was drawn. By use of the equation de-
rived by M. Olette, the relationship among the volatilization amounts of various impurities in a crude
metal( y,) was further solved. 1 — (x/100) =C = (1 - ,/100) “*. From y, value obtained in practice, c;,
B; and then can be calculated. The correct volatilization order of various impurities was obtained. These
results can be applied to determine the practical conditions( temperature, vacuum degree, type of distil-
lation furnace, times of distillation and control of product composition) in distillation of a crude metal or

an alloy.
1 Introduction

Refining and separation of various impurities from nonferrous crude metals by vacuum distil-
lation have many the advantage of high metal recovery, impurities recovered in metallic state, flow-
sheet simplified, good enviromental protection, low operation costs and incomplex equipment. So in
recent years this method has been adopted widely.

Vacuum distillation has also been studied and used in separation of various elements from
nonferrous alloys and the area of its application is being extended rapidly.

At this situation, some problems have been put up: What kind of impurities can be removed
from crude metals? What kind of alloys can be separated by vacuum distillation?In present paper, at-
tempts have been made to answer these problems and combine with practical results to analyse some

valuable data obtained from test-work on vacuum distillation of crude tin and Pb-Sn alloy.

2 Evaluation of distillability for separation of various elements from crude
metals and alloys

2.1 Evaluation by boiling points or vapor pressures of pure substances

Usually, the boiling points of various elements in crude metals and alloys at pure state or their
vapor pressures at the same temperature( pl@) are compared. The boiling points of some elements,

namely the temperatures at vapor pressure of 1 atmosphere are shown in Table 1.

O A U%FET 1989 4 TMS 4E 280,



Separation of Various Elements in Crude Metal or Alloy during Vacuum Distillation «11 -

Table 1 Boiling points of some metal elements

Element Hg As Cd Zn Ti Bi Sb Pb In Ag Sn

Boiling point/C 357 603 765 907 1460 1564 1678 1740 2073 2200 2623

As shown in Table 1, the difference between boiling points of lead and zinc is 833°C, so it is
determined that Pb-Zn alloy or crude lead containing zinc can be separated one another by vacuum
distillation due to great difference in their boiling points. For the same reason, the similar sub-
stances such as Sn-Pb alloy or crude tin containing with lead, cadmium in Zn-Cd alloy or crude
zinc and so on can also be separated by vacuum distillation.

On the other hand, the p? and p? of element A and B at the same temperature can be calcu-
lated, if pA@ 7~ pf, it is considered that element A and B can be separated by vacuum distillation.

In this evaluation, the difference of action forces between atoms of elements in alloys is not put
into consideration, so, for some materials the regularity discribed above can not be adopted and
sometimes an impractical result occurs. Alloys of Pb-Bi, Sn-As-Pb and so on belong to such materi-
als. For example, at the part of rich lead( crude lead, >90% Pb)in Pb-Sb alloy, lead is selectively
vatillized during distillation, and at the part of rich antimony( crude antimony, >90% Sb), antimo-
ny is preferentially vatillized into gas phase. When crude tin containing arsenic and lead, lead is

selectively vatillized into gas phase rather than arsenic.

2.2 Evaluation by practical vapor pressure

When evaluation, not only the values of p? and pBe must be considered, but also much atten-

tion should be paid to activity a, of each component( or activity coefficient r.) and their contents of
percentage(a” stands for A, b for B) or mole fractions N, and Ny, that is, the practical vapor pres-
sures p, and p,_ produced after the solution of A and B is formed. Since
p,=rNip? (1)
Here, the change range of NV, is very large, it may be up to several orders of magnitude and
that of r, is of the same extent.

For example

Pb-Zn system(6507C) Cu-Zn system(5009C)
End in rich lead r?“ =7.94 End in rich copper ri =0.014
End in rich zinc rS =34.6 End in rich zinc r =0. 018

The difference between two r?ﬂ in above binary systems is two orders of magnitude.
The change of r, and N, has great influence on p,, so, for evaluating separation of elements, it

is more perfect by use of p, than by use of p?.
2.3 Evaluation by separation coefficient

Because of the molecular weight of each substance is different at the same practical vapor

pressure, it is also different mass in gas. This can be shown by a simple example: at condition of



