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[ Abstract] Thermodynamics on vacuum refining process of the crude lithium has been studied by using separation coeffr

cients of impurities in the crude lithium and vapor-liquid equilibrium composition diagrams of Lt i binary alloy (1 stands for

an impurity) at different temperatures. Behaviors of impurities in the vacuum distillation process have been examined.
purity) at different temperat Beh f impurit th listillation p h b 1

The results show that fractional vacuum distillation should be taken to obtain metal lithium with high purity more than
99.99% Li, in which metal K, Na and partial M g are volatilized at lower temperature of 673~ 873 K. Lithium is distilled

from the residual liquid containing other impurities, such as Ca, Mg, Al, Si, Fe and Ni at higher temperature of 873~

1073K and the chamber pressure is less than the critical pressure of lithium.
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1 INTRODUCTION

Lithium is widely used in the fields of aerospace,
atomic energy, metallurgy, chemical engineering,
electronics, glass and ceramics, battery, air condition
and refrigerant, lubricant, medicine, etd 3. The
crude lithium, produced by electrolytic or metallic
thermoreduction methods, however, contains some
impurities including Na, K, Mg, Ca, Al, Fe, Si, Ni
and so on, which affect the physiochemical properties
of lithium product.

Therefore, it is of importance that the lithium is

[4~

refined by mechanical purification' *” ®!, chemical pu-

16~ 3 and vacuum distillation'> * ', which

rification
is selected to meet the necessity of final purity of the
product. Studies on vacuum refining of the crude
lithium were carried out, however were limited to the
technological aspects. A fundamental study is absent
in literatures, resulting in the vacuum refining tech-
nology of the crude lithium to progress slowly. It is
necessary to study the thermodynamics and kinetics in
vacuum refining process of the crude lithium. A series
of papers are aimed at systemically discussing the
thermodynamics and kinetics on crude lithium vacu-
um distillation to provide a theoretical base for pure
lithium production.

2 BEHAVIORS OF IMPURITIES IN VACUUM
DISTILLATION REFINING PROCESS

Based on the different properties of elements
contained when vaporizing and condensing, crude
metal can be separated from impurities by vacuum
distillation refining. The difference in vapor pressure
of each metal at different temperature is the basic
principle of crude metal vacuum distillation. The rela-
tionships between vapor pressure (p * , Pa) of pure
metals in the crude lithium and temperature ( 7', K)
are listed as''°

lgpri= — 84157 '= IgT+ 13. 465

(453.6~ 1615K) (1)
lgpNa= — 5780 T '= 1. 18lgT + 13. 625
(298~ 1156K) (2)
lgpk=— 4470 T~ '= 1.371gT + 13.705
(350~ 1050K) (3)
lgpyig= — 7780 T~ '= 0.8551gT + 13.535
(298~ 923K) (4)
lgpyig= — 7550 T~ '= 1.411gT + 14.915
(923~ 1363K) (5)
lgp Ca= — 93507 '= 1.391gT + 14.945
(298~ 1115K) (6)
lgp ta= — 89207~ '= 1.391gT+ 14.575
(1115~ 1767K) (7)
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lgp = — 163807~ '— 1gT + 14. 445

(934~ 2523K) (8)
lgpsi= — 23550 T~ '= 0.5651gT + 14.475
(298~ 1687K) (9)
lgpre= — 21080 T~ '= 2. 141gT + 19. 015
(298~ 1808K) (10)
lgpni= — 22500 T~ '= 0.961gT + 15.725
(298~ 1728K) (11)

The activity coefficients of the compositions in
Lri alloy (i stands for an impurity contained in the
crude lithium) are Yi;and Yi, respectively. The sep-
aration coefficient B; can be used to determine
whether two elements separate from each other by

vacuum distillation' '

= —&. B (12)
YLi puLi

1) When B= 1, the compositions of Li and i in
vapor and liquid phase are the same, Li can’t be sep-
arated from 1.

2) When Bi< 1or B> 1, impurity i can be sepa-
rated from lithium by vacuum distillation. Impurity i
is concentrated in liquid phase at Bi< 1, and in vapor
phase at B> 1.

The purity of distillated lithium can be predicted
by the vapor-liquid equilibrium composition diagram.
For the binary alloy of Lri, their contents in vapor
w (1) ,
wi( Li), wi(i), respectively. The content of i in va
[17],

and liquid are represented by w,(Li),

por is expressed as
we()=[1+ (wi(Li)/wi(i))*(ruiri)®
(prilpi )]~ ' x100% (13)

A relationship between w (i) and w (1) can be
figured at a specific temperature.

In general, the crude lithium contains Li more
than 99% and other impurities including Na, K,
Mg, Ca, Al, Si, Fe and Ni. An impurity i is less
than 1% in purity, it is assumed that the impurity i
can be considered as the solute in dilute solution. T he
activity coefficient of Li is supposed as ¥ ;= 1 and
those of impurities as ¥ij= 1 except Yy, is considered
as 0.054 in LrMg system at 1 000K

percentages of every impurity element i in liquid lithi-

The mass

um are selected for the calculation as 0.001%,
0.005%, 0.01%, 0.05%, 0.1%, 0.5% and
1. 0%, respectively.

2.1 Behaviors of Na and K

According to Eqns. (1) ~ (3), (12) and (13),
the separation coefficients of Na and K were calculat-
ed in the temperature range of 573~ 1073 K as pre-
sented in Table 1. The vapor-liquid equilibrium com-
position diagrams of LrNa and LrK binary alloys are
also shown in Figs. 1, 2.

It can be seen from Table 1 that By, and By are
much more beyond 1 (10°~ 10%).

It can be conclud-

ed that Na and K are concentrated into vapor phase
and can be separated from Li completely in thermody-
namics. Figs. 1, 2 illustrate that the proper tempera-
ture is in the range of 673~ 873 K to ensure less evap-
orating loss of lithium, in which lithium with less
than 0.001% Na or K can be obtained by vacuum
distillation.

Table 1 Variation of By, and Bx with

temperature in binary alloys of LT Na and LT K

T/K Bra Bk

573 1. 829 x 10* 1.271x 10°
673 3. 684 x 10’ 1. 136 x 10°
773 1.119x 10° 1. 883 x 10*
873 4. 456 x 10 4.685x 10°
973 2.139 x 10 1.545x 10°
1073 1.176 x 10° -

100

wy(Na)/ %
5

g1 0.001 0.01 01 |

w|(Na)/°fn

Fig.1 Vaporliquid equilibrium
composition diagram of L Na alloy

0.001 0.01 0.1 1
wl(K)/%

Fig. 2 Vaporliquid equilibrium
composition diagram of LrK alloy

2.2 Behavior of Mg
According to Eqns. (1), (4), (5), (12) and
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(13), the separation coefficient of Mg was evaluated
in the temperature range of 573~ 1273 K, as listed in
Table 2. The vapor-liquid equilibrium composition di-
agram of LrMg binary alloy was illustrated in Fig. 3.
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Fig. 3 Vaporliquid equilibrium
composition diagram of LrMg alloy
Y —573K; x —773K; 4 —873K;
® —973K; O—1123K; m—1273K

It is shown from Table 2 that BMg is small
(2.044~ 0.27) and reduces with increasing tempera-
ture in the range of 573~ 1273K. Metal Mg is en-
riched in vapor phase below the temperature of 800K
and in liquid phase over 800K. Fig. 3 shows that Mg
is difficult to separate from Li in thermodynamics
since By, is close to 1. However, By, decreases with
the increase of temperature, resulting in difficult re-
moval of Mg from the crude lithium effectively by on-
ly one vacuum distillation operation. T herefore, it is
necessary to employ fractional vacuum distillation for
obtaining lithium with less than 0.01% Mg from the
crude lithium.

Table 2 Variation of By, with

temperature in binary alloy of Lt Mg

T/K By, T/K By

573 2.044 973 0. 437
723 1.245 1123 0.334
873 0.904 1273 0. 270

2.3 Behavior of Ca

The separation coefficient of Ca was calculated in
the temperature range of 673~ 1273 K according to
Eqgns. (1), (6), (7), (12) and (13), and the re
sults are listed in Table 3. The vaporliquid equilibri-
um composition diagram of LrCa binary alloy is
shown in Fig. 4.

It is drawn from Table 3 that Bc, is smaller

Table 3 Variation of B, with

temperature in binary alloy of L.rCa

T/K B T/K B
673 0. 097 1073 0. 267
823 0.161 1173 0. 304
973 0.226 1273 0.318
0.35
0.003
0.30F 0,002
0.001+
R 0.25¢
~
8 0.2l 0.005 0.010
3 0.15t
0.101
0.05}

S

1 Il 1 1 1 L 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.91.0
w(Ca)/ %

Fig. 4 Vaporliquid equilibrium
composition diagram of Lt Ca alloy
Y —673K; ® —823K; x —973K;

A —1073K; O—1173K; ®—1273K

(0.097~ 0.318). It can be concluded that Ca is
mainly remained in liquid phase during the distillation
process. It can be seen from Fig. 4 that Ca is difficult
to separate from Li effectively in thermodynamics by
only one vacuum distillation operation. In order to
achieve better separation of Ca from Li and ensure a
higher evaporation rate of Ca and less loss of lithium,
fractional vacuum distillation should be carried out in
an appropriate temperature range of 873~ 1073 K.
The process should be carried out below the critical
pressure of lithium in order to have a high distilling
rate of lithium.

2.4 Behaviors of Al, Si, Fe and Ni

The vapor pressure values of pure substances Al,
Si, Fe and Ni calculated from Eqns. (8) ~ (11) are
very low, 107%~ 1072 Pa at 1273K. Therefore,
their behaviors will be the same when the crude lithi-
um are distillated in vacuum. According to Eqns. (1)
and (8) ~ (13), the separation coefficients of Al, Si,
Fe and Ni were calculated in the temperature range of
973~ 1273K, as listed in Table 4. Their vaporliq
uid equilibrium composition diagrams are depicted in
Figs. 5~ 8.

With respect to impurities Al, Si, Fe and Ni, it
can be seen from Table 4 that their separation coeffi
cient values are much smaller (10 ¥~ 107 ®). They
can be easily separated from lithium in thermodyne
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Table 4 Variation of By, Bs;, Br.and By;
with temperature in binary alloys of

LrAl, LtSi, LrFe and LrNi

TIK Bw100? By1o-® By10®  By10 2

973 0. 622 0.569 0. 134 0. 801

1073 3.60 16.7 1.96 18

1173 15.5 277 17.9 237

1273 52.9 2960 115 2090
103

10°* e—973K
|—1073K
10~ 10 +—1173K
0—1273K
- 11 1
10 0.001 0.01 0.1 1
u'l(Al)/%
Fig. 5 Vaporliquid equilibrium
composition diagram of LrAl alloy
10°%
10—10
10-1
§ 10~ 12
EJ: 1013
3
1074
- ®&—973K
107! =—1073K
10" ~—1173K
0—1273K
10-17 .
0.001 0.01 0.1 1
w(Si)/ %

Fig. 6 Vaporliquid equilibrium composition
diagram of Lt Si alloy

mics by vacuum distillation in a temperature range of
973~ 1273K because they are concentrated in the
distilled residual liquid completely while lithium is en-
riched in vapor. It can be derived from Figs. 5~ 8
that each of those four impurities can be reduced to
the level below 6 x 10” *( mass fraction) in distilled
lithium. Considering the content of Ca contained in
the crude lithium comprehensively, the suitable distil-
lation temperature in this process should be in the

range of 873 ~ 1073K to ensure Ca is mainly

1077
1078
10°°

wy(Fe)/ %

e—973K

1079 5—1073K
10—[4 ‘_1 173K
0—1273K
10-15 P
0.001 0.01 0.1 1
wi(Fe)/ %

Fig. 7 Vaporliquid equilibrium
composition diagram of LrFe alloy

®—973 K

-1
10 m—1073K
10°13 4a—1173K
0—1273K
10—16 1 A
0.001 0.01 0.1 1
2w, (Ni)/ %

Fig. 8 Vaporliquid equilibrium
composition diagram of LrNi alloy

remained in residual liquid and the chamber pressure
should be no more than the critical pressure of lithi
um.

3 CONCLUSIONS

1) The impurities in the crude lithium, such as
K, Na, Al, Si, Fe and Ni, can be easily eliminated
by vacuum distillation in thermodynamics, while Ca
and Mg are difficult to remove.

2) A fractional vacuum distillation should be tak-
en to obtain lithium with high purity more than
99.99%Li. Metal K and Na are volatilized at lower
temperature of 673~ 873K, in which a little amount
of Mg can be removed. Lithium is evaporated into va-
por, separating from other impurities Ca, Mg, Al,
Si, Fe and Ni remained in the residual liquid at high-
er temperature of 873~ 1073 K.
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