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ABSTRACT The expressions of heat of evaporation for metals at different temperatures were de-
duced from Clausius-Clapeyron equation and the total change of enthalpy. Those of Pb, Cd and Zn were
calculated. Results showed that theoretic energy consumption decreased a little with the decrease of e-
vaporation temperature, which can be used to determine the energy demand while these metals are dis-

tilled at different process temperatures and pressures.
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1 INTRODUCTION

Vacuum metallurgy has some advantages
such as low process temperature, high evapo-
ration temperature and good separation effi-
ciency.

It has become the main means of reform-
ing conventional nonferrous metals metallurgy
and the recovery of nonferrous metal wastes.

Since it is still considered that vacuum
metallurgy is an expensive process and that
the energy consumption of which is too high
for it to be widely used in nonferrous-metals
metallurgy, it is necessary for us to calculate
the heat of evaporation and theoretic energy
consumption of nonferrous metals at different
evaporation temperatures.

2 CALCULATION METHODS

Generally speaking, heat of evaporation
increases with the decrease of evaporation
temperature (pressure).

When evaporation temperature T, is less
than the normal boiling temperature T, ac-
cording to Clausius-Clapeyron equation, we
have the following equation;
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dp AE

dT — T(V,—V) (L)
because V, >V, V, — V= V,, so;

dp _ AH,

ir = TV, (2)
where AH.,is the heat of evaporation, J/g; p

is the pressure, Pa; V, is the mole volume of
gas; V. is the mole volume of liquid; 7', is the
evaporation temperature, K; 7', is the normal
boiling temperature, K.

We then further assume the vapor to be
ideal and replace V, by RT/p, as a result,
Eqn. (2) becomes ;

d AH,

(T’}}_)’ = RT? (3

The heat of evaporation at temperature
T.,(T,< Ty ) can be deduced ;

B Ti(dlnp/dT)OT,
QH Lo = 8HTo) gt o 10T,

(4)
Theoretic energy consumption @ is the to-

tal change of enthalpy from 298K to 7..
When T,<T,,

Q= r"‘cp.s(:)dz + AH, +
293

Ty
[cwar + am Ty (5)
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When T,>T,,
o= rmcp_ Sdr S AL S
293

J"C ()t + AHL(Ty) +

'C,, (()dt (6)
Ty

where C,. ., C,, 1, C,, . are the specific heat of
solid, liquid and gas respectively, J/g « K;
AH_, is the heat of fusion, J/g; R is gas con-

stant.
3 RESULTS AND DISCUSSION

As an example, we calculated the heat of
evaporation and the theoretic energy consump-
tion of Pb, Cd and Zn at vacuum. Their ther-
modynamic datat %

For lead:

C..=0.113+ 468 X 10°°T

(298~600K) (7)

s R e T

(600~1400K) (8)
C,., =0.123+ 9.69 X 10T
(1400~2013K) (9)

are as follows.

Al = 23.01
AH (T,) = 854. 89
lgpt'=""10130/T; —
0. 985 lgT', + 13.285 (10)

For cadmium :
Ce s =075 105
(298~594K) (11)

C,.. = 0.264
C,.. = 0.185
AH_ = 56. 91
AH, (T,) = 889.11
lgp! = — 5919/, —
1. 257 lgTs - 14412 (G2
For zinc:

Coo= 0,336+ 1727 X163 T
(298~692K) (13)

.= 0.4855— 3.528 X 10° T
(692~1122K) (14)

G =0, 318

AH, = 112.58

AR CT) = 15983.58 — 0. 1433 T (15)

lgp? = — 6620/T, —

1. 2251gT, + 14. 465 (16)
where p! is the vapor pressure of the pure
metals, Pa. '

Using the above data of AH (T), T\,
(dlnp/dT)HT, and (dlnp/dT)T, derived from
pressure equation, we got the heat of evapora-
tion of Pb, Cd and Zn at different tempera-

tures. The calculated results are shown in
Table 1.

Table 1 Heat of evaporation of lead,
cadmium and zinc at vacuum

T. AH, p, AH, o AH,
/K /T gt g ARY-ab
773 884. 0 917.6 18437
823 884.1 911.9 1835.5
873 883.9 906. 3 1828. 4
923 883.5 901.0 1821.2
973 882.7 895. 6 1814.1
1023 881.8 890. 4 1 806. 9
1073 880.7 889. 1 1799.7
1123 879.5 889.1 1792.6
1.173 878.2 889.1 1785.4
1180 878. 1 889. 1 1784.4

Expressing AH, as the function of T',, we
have .

For lead:

AH, = 905.9 —0.02452 T,

For cadmium

AEE: cam 10034 — 00077 T (18)

For zinc;:

AH, 7, = 1593.59 — 0.1433 7, 19

Using the above data, we can integrate
Eqns. (5) and (6) to obtain the theoretic ener-
gy consumption of Pb, Cd and Zn. The calcu-
lated results are listed in Table 2.

Theoretic energy consumption has a little
decrease with the decrease of evaporation tem-
perature. There is no or little waste gas while
crude metals are refined by vacuum distilla-
tion. Vacuum system is used to maintain the
pressure of system only. Therefore, the ener-

an

gy consumption of vacuum system is small.
The total energy consumption under vacuum
may not be greatly larger than that in atmos-
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Table 2 Theoretic energy consumption of
evaporation of lead, cadmium and 4 SUMMARY
zinc by vacuum distillation

T On O Q, - The expressions of heat of evaporation
/K /3 gt /T g /] g for metals at different temperatures were de-
duced from Clausius-Clapeyron equation and

773 975. 8 1094. 7 2160.5 the total change of enthalpy. Those of Pb, Cd
893 983. 1 1102, 2 2176. 2 and Zn were calculated. Results showed that
873 990. 1 1109. 6 2191. 8 t}{eoretic energy consumption -decreased a little
e ok i e w1t-h the decrease of evapora.tlon temperature ,
573 s (10h o o which can be used to determm:e t-he energy de-
mand while these metals are distilled at differ-
L 1060 la5a8 A28t ent process temperatures and pressures.
1073 1015: 4 1141.7 2253.4
1123 1021. 2 1150.1 2268.6 REFERENCES
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