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ABSTRACT Separation criteria of impurities by vacuum distillation in crude metals were analysed. The sepa-
ration coefficient, which was deduced from the gas-liquid equilibrium theory, was proved to be the perfect one.
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The refinement of crude nonferrous met- Table 1 The main impurities in crude
als by vacuum distillation has a lot of advan- nonferrous metals

(1 .. .
tages''). The main impurities in some crude Crude metal Main impurities

metals are shown in Table 1.
Whether can the impurity be separated
from crude metals by vacuum distillation and

lead As Sb Bi Sn Ag
zinc Pb Cd Sn Fe Cu Sb

to what extent? The separation criteria should copper  As Sb Bi Zn Pb Fe Ag Au
be conducted by using gas-liquid equilibrium tin Pb Fe As In
theory. nickel Fe Co S

aluminium Si Fe P

1 BOILIING POINT AND VAPOR
PRESSURE OF PURE METAL Table 2 Boiling points of some metals
Element Hg As Cd Zn Bi Sb

The possibility of separation of impurities boiling
in crude metals or alloys can be determined by point/K 630 876 1038 1180 1837 1948
comparing their boiling points or their vapor
pressure. The boiling points of some metals
are shown in Table 2. In general, low boiling boiling
point components are easier to be evaporated point/K
than high boiling point components; there-
fore, we can determine that Pb-Zn, Zn-Cd,
Pb-Sn alloys can be separated and that crude 2 ACTUAL VAPOR PRESSURE

zinc containing lead and cadmium, crude tin

Element Pb In Ag Sn Fe

2013 2346 2473 2896 3343

containing lead can be refined by vacuum dis- The actual vapor pressure of each element
tillation. in solution is:

Because the difference of the active force P, =7.N.P} D
between alloying elements is ignored, this cri- where N € [0, 1] and ¥ varies widely, for
terion is unsuitable to judge the separation of example,

Pb-Sb, Pb-Bi, Zn-As and Sn-As-Pb alloys. In Pb-Zn system (723 K)1,
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Np=1, 7. =17.9%

Nz =1, 7% = 34.6

In Cu-Zn system (773 K)3,

Neo =1, 72, = 0.014

Nz =1, y%u = 0. 018

Evidently, P; is a more rational criterion
than P! in judging the possibility of separation
by distillation.

3 DISTRIBUTION FACTOR
The distribution factor Kt 4 is the ratio

between the concentration of a component in a
solution to that in the vapor.

— Nas
KA - NA‘l (2)
Ny
Ky = 32*
B NB'I (3)

The more the value of K, or Kp differs
from unity, the more complete is the separa-
tion.

4 RELATIVE VOLATILITY COEFFI-
CIENT

The relative volatility coefficient!™a is a
direct index for determining the separation
tendency in the distillation or rectification of
liquid substance. For binary mixture:

NA‘E NA,s
_ Nay _ Ns, _Ka
App = NB,g - NA,] - KB (4)
NB.I NB,l

Generally speaking, @ap depends on evap-
oration temperature and pressure. It deter-
mines the concentration degree of low boiling
substance in vapor phase. If aspis equal to uni-
ty, no preferential separation is possible. As
the concentration of the two components in
the vapor will tend to be the same as that in
the liquid phase, substances that can be readi-
ly separated should exhibit large or small val-
ues of a,p.

5§ MOLECULAR DISTILLATION CO-
EFFICIENT

Making use of the Langmiur maximum e-

vaporation ratel® °1,

w, = 4,37 X 107* P; ,/A% ¢))

assuming metal vapor was ideal gas, and gas
phase had the same molecular weight and
molecular structure as the liquid phase for
each element, Olette!’! got the following equa-
tion for binary system;

Nag _ YaNaaPLh [Ma 6
Ny,g  7sNe, PR N Ms
which can be rearranged to yield:

Ny,
N YaPh M,

A= Ny = 7PN M ™
Ng,\

When Ba' > 1.0, A is concentrated in

vapor, B is concentrated in liquid;

When S << 1.0, B is concentrated in
vapor, A is concentrated in liquid;

When B’ = 1.0, the compositions of
vapor and liquid phase are the same, A and B
can not separated from each other by distilla-
tion.

If B4 is used to evaluate a dilute solution,
i.e. , crude B with minor impurities: 7z = 1,
¥? =constant, consequently we have the re-
sult:

P | M,
B :Y?E“/ﬁ (8

B4’ not only depends on activity and vapor
pressure, but also depends on molecular
mass.

Harris''* yielded a general expression for
the polyatomic molecular separation coeffi-
clent ;

P, M
Bl =nnINT B A (9

It is clearly seen that for n = 1, the poly-
atomic separation coefficient reduces to that of
Olette, and for n == 2, the separation coeffi-
cient depends on solute concentration.

The evaporation rate of elements in alloys
or crude metals not only depends on pressure,
but also on heat and mass transfer. Only
when chamber pressure is perfect vacuum and
condenser rate as well as heat and mass trans-
fer are infinite can the evaporation rate reach

[10]
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its maximum. In industrial processes, the rate
determining step is heat and mass transfer
when chamber pressure is lower than a certain
value. At this time, the chamber pressure
needn’t drop further, the distillation does not
reach the molecular distillation, and the evap-
oration rate does not reach the maximum.

6 SEPARATION COEFFICIENT

The authors think that the separation cri-
terion of impurities in crude metals should be
a thermodynamic criterion. The separation co-
efficient conducted according to the gas-liquid
equilibrium is the perfect one. Some separa-
tion coefficients of impurities in crude nonfer-
rous metals are shown in Table 3.

Assuming metal vapor was ideal gas, and

gas phase had the same molecular weight and
molecular structure as the liquid phase for
each element, Dai Yongnian' conducted the
separation coefficient according to thermody-
namic equilibrium theory, for A-B alloy:

Na,s  7aNa Pi
No.s  7uNa P 10
which can be rearranged to yield:
Na..
_ Na 7P
Sy VAl ) an
NB,l

If Ba is used to evaluate a dilute solution,
i. e., crude B with minor impurities; Ny, =
1, Ng,, =1, ¥s =1, 7} =constant, Eqn(11)
can be re-writen as;
pP° N
o _yo i Vi
B =7 2 a2)

Table 3 Some separation coefficients of impurities in crude nonferrous metals'® '!!

Crude metal

Impurity
Aluminium Cobalt Copper Lead Zinc Tin
Ag 3.7E-0 1. 1E-2 1. 1E-3 1. 5E-10 1. 2E-1
Al 7.5E-1 1. 5E-2 6.1E-4 4. 8E-10
As 1. 2E-6* 9. 2E-1 6.5E-4* 1. 0E-10"
Au 3.7E-8 2.1E-3 8. 6E-10 5. 7E-19
Bi 1. 3E-5 3.7E-3"* 2.5E-3 5.5E-1 3.1E4 1.9E-4
Ca 1. 3E-6" 5.5E-4* 1. 2E-2* 7.0E-4
Cd 8. 3E-9 1. 5E-6 1. 1E-6 3.4E-5 7. 6E-0
Co 1. 3E-1 4.1E-10"
Cu 2. 8E-3 8.7E-2 6. 3E-6 1. 5E-13 3. 0E-2
Fe 1. 6E-5 1. 6E-0" 6. 5E-1 5. 6E-9"
Li 3.0E-6
Mg 3.4E-6 8.7E-5" 5. 0E-4 6. 7TE-2 5.9E-3
Mn 3.6E-2 1. 3E-3° 1. 8E-2" 1. 9E-1
Na 6. 5E-10 4. 2E-2 8. 9E-3
Ni 1. 1E-0* 2. 6E-2 2.4E-10" 5. 3E-18
Pb 4. 0E-5 2.7E-3" 4. 8E-3 1. 4E-4 7.2E-4
Sb 5. 6E-2" 1. 6E-0 6. 9E-3 2. 2E-8 3.8E-4
Se 1. 9E-0
Si 1. 9E-6
Sn 8. 6E-1 8. 8E-2 9. OE-6 1.4E-11
Te 5.4E-1
Zn 3.1E-8 3.9E-6" 3.5E-5 1. 0E-6

Remarks: * —7 = 1.0
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Rewriting Eqn(12) in logarithmic form:

IgN;, . = 1gB + 1gN;,, as»
At specific temperature, ¥?, P!, P} are con-
stant, then 37 is constant; lgN, .is linear with
lgN; 1, and the slope is 45°. Therefore, there
is no limitation to purify metals by vacuum
distillation.

Converting mole fraction into mass per-
centage, the similar equations can be ob-
tained.

For the polyatomic separation coefficient,

Egn(12) can be converted to;

7?,71 P'O
ﬁ?'"zTP_g (14)

7 CONCLUSION

The separation criteria of impurities by
vacuum distillation in crude metals are anal-
ysed. The separation coefficent, which is con-
ducted according to gas-liquid equilibrium the-
ory, is the perfect one. i.e., for A-B alloy:

N, .
Na, i _ 7aP4

Ba= h = 7. P3

Ng,
For crude metal B:

P?
0 Yo _*

(15)

Symbeols :

distillation factor;
molecular weight, g/mol;
molecular fraction;

pressure, Pa;
maximum evaporation rate, kg/m?«s;

E Wz R™

a relative volatility coefficient ;

s separation coefficient;

B molecular distillation coefficient;

4 Raoultian activity coefficient ;

T temperature, K;

Subscripts :

i, A, B each element;

g gas phase;

1 liquid phase;

n polyatom number;

Superscripts

0 pure metal or crude metal.
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