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The lithium activity in Li-LiC1 solutions has been measured by means of potentiometry in the salt-rich 
region of the phase diagram. The results showed that, at temperatures up to 200 ~ C above the melting 
point of LiC1, the solubility of Li was several atom-percent (from 1 to 5%), as in the case of the other 
alkali metals dissolved in their molten halides. But the Li-LiC1 system differs from the other alkali 
metal-alkali  halide systems in that  the metal activity in the saturated solutions does not exceed 0.1. 
This indicates the possible formation of a stable compound by the association of Li and LiC1. 

1, Introduction 

The investigations presented in this paper arose from 
experiments with thermal battery operations, during 
which it was observed that saturated solutions of Li in 
molten LiC1 did not seem to present any significant 
electronic conductivity, in discrepancy with the 
general case of alkali metal-molten alkali halide 
solutions [1]. Therefore we have decided to focus on 
the Li-LiC1 system, beginning with activity measure- 
ments of the dissolved metal, before undertaking 
precise electronic conductivity determinations. Thus, 
the present paper deals with the results for lithium 
activity only. 

The phenomenon of dissolution of metals in molten 
salts bears both industrial and fundamental interests. 
In industry, it affects most of the molten electrolysis 
classical metal preparations, such as those of Na, Li, 
A1. Besides, high purity metals (such as Hf, Ti, Zr, Nb 
etc.) will be produced in the future to an increasing 
extent by molten salt electrolysis, and in such pro- 
cesses some undesirable production of alkali metals 
from the solvent may be promoted by the solubility of 
these metals in the electrolyte. In the case of lithium, 
the demand for the metal is expected to grow in the 
1990s for the aerospace industry (Li-A1 light alloys) 
and for electrochemical energy storage devices (lithium 
batteries, thermal cells, load levelling primary batteries 
[2, 3]). 

From the fundamental point of view, the properties 
of metal-molten salt solutions have been investigated 
for over 20 years, and the first major contribution, 
published by Bredig [4], presented many metal-molten 
salt phase diagrams and a vast review of the physico- 
chemical properties of the corresponding solutions 
(particularly the electrical conductivity). Much research 

has been done since that time. In the early 1980% 
Warren [5, 6] published comprehensive reviews, in 
which thermodynamic activity and electrical conduc- 
tivity measurements were major topics, with other 
techniques such as neutron diffraction [7], magnetic 
susceptibility [8], optical absorption measurements [9]. 
In the case of dilute metal solutions, one of the prevail- 
ing views, in agreement with the first model proposed 
by Pitzer [10], is that metal dissolution yields electrons 
which are solvated by the molten salt in the form of F 
centres [11-17]. 

Despite the vast literature in this field, systems 
containing lithium are still inadequately investigated 
and ill understood because of the extreme reactivity of 
the metal. The only phase diagram we found in the 
literature is a partial diagram published by Nakashima 
et al. [18] which deals only with the salt-rich and the 
metal-rich portions of the liquidus curves. The object 
of the present work was to measure the activity of 
lithium in the salt-rich monophase region at tempera- 
tures up to 800 ~ C. 

2. Experimental details 

The LiC1 was Prolabo Rectapur, purified further by 
vacuum treatment at 250 ~ C for 2 h then at 500 ~ C for 
4h and finally by a 4-12 h pre-electrolysis (with zero 
volts maintained between a Li-Bi reference electrode 
and an iron cathode situated in the boron nitride 
working compartment). 

The electrochemical determinations were con- 
ducted under an argon atmosphere. The experimental 
setup was contained inside a stainless steel glove- 
box where the oxygen and moisture contents were 
kept less than 1.5ppm. Any nitrogen accumulation 
was prevented by installation of AI-Li powder inside 
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Fig. 1. Experimental arrangement of the electrodes for coulometric 
introduction of Li and potentiometric determination of Li activity�9 

the glove-box during the experiments, and evacuation 
of the atmosphere of the glove-box prior to each 
experiment. 

The measurement of Li activity was performed by 
potentiometry. Lithium was introduced into the 
molten LiC1 coulometrically. 

The experimental arrangement is shown in Fig. 1. 
The reference electrode was made of a Li-Bi alloy 
(molar fraction of Li 0.68) contained in a thin wall 
boron nitride crucible which also acted as a separator. 
The composition of this alloy was selected, from the 
study of Foster et al. [19], to be a 2-phase region where 
a bismuth-rich Li-Bi solution is in equilibrium with 
the Li 3 Bi compound. Therefore the activity of Li and 
the potential of  the reference electrode remained con- 
stant even if the alloy composition fluctuated. This 
electrode proved quite satisfactory during the present 
work. 

The working electrode was a spiral-wound iron wire 
placed in a known quantity of molten LiC1 contained 
in a BN separating-crucible. A layer of Li~Bi in the 
bottom part of the stainless steel crucible served as a 
counter-electrode. 

in preparing the Li-LiC1 solution, the working elec- 
trode was polarized negatively using a Par 273 poten- 
tiostat, and lithium was hence displaced from the 
counter-electrode to the working electrode compart- 
ment. In this compartment the electrolyte was stirred 
in order to facilitate the mixing of the lithium pro- 
duced and the molten lithium chloride. 

Once the required number of coulombs was 
reached, electrolysis was stopped and the potential of 
the working electrode with respect to the reference 
electrode was recorded using a Nicolet 4094C digital 
scope, until it reached a stable value. The whole experi- 
ment was automatically monitored by a Hewlett- 
Packard type 300 computer. The Li content was 
evaluated from the charge passed and the lithium 
activity was calculated from the value of the electrode 
potential. 
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Fig. 2. Evolution of the potential of the iron electrode as lithium 
generated at the electrode mixes with molten LiC1, once the elec- 
trolysis has been stopped. 

3. Results and discussion 

Fig. 2 shows a typical potential-time curve during and 
after lithium production by electrolysis; three plateaus 
P1, P2 and P3 appear on the potential-time curve just 
after the electrolysis has been stopped. With the help 
of the typical phase diagrams for alkali metal-alkali 
halide systems [4], we may first attribute P1, P2 and P3 
to pure Li, LiC1 saturated with Li, and the final 
homogeneous solution respectively. Although this 
does not account perfectly for the curvature of the plot 
between points A' and B', such an explanation permits 
a first analysis of our results by direct calculation of  
the Li activity from the potential difference between 
P3 and P1. 

Fig. 3 shows plots for two Li activities against their 
molar fractions obtained in this manner at 650 ~ C. The 
first part of the curve between points A and B, which 
correspond to nearly zero lithium activity, was not 
perfectly reproducible. This may be ascribed to reac- 
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Fig. 3. Preliminary results: lithium activity against Li molar frac- 
tion in molten LiC1 at 650 ~ C. 
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Fig. 4. Lithium activity against Li molar fraction in molten LiC1 at 
various temperatures, after correction. 

tion of the first amounts of Li produced with an 
impurity remaining in the working electrode compart- 
ment: we have shown, using electron microscope 
analysis, that traces of bismuth had migrated through 
the boron nitride thin wall and probably reacted with 
lithium in this compartment. As soon as these Bi 
traces had reacted, Li dissolved in the molten elec- 
trolyte. Therefore a correction for this reaction was 
made taking B as the zero point for the Li molar 
fraction. This adjustment appeared successful because 
the numerous curves obtained in separate experiments 
became reproducible once corrected. Figure 4 shows 
some results obtained after correction at 650~ 
700~ 750~ and 800 ~ The lithium saturation 
phenomenon can be clearly observed on each of these 
curves, which yield a Li content at saturation com- 
parable to the results published [18]. The striking 
difference in saturation activities between 650~ and 
the higher temperatures probably corresponds to a 
metastable state. In fact, in the vicinity of the satura- 
tion composition, where the solution should present 
two phases, the nucleation energy can interfere and 
kinetically inhibit the formation of the second phase. 
In such a case, the activity measured will be higher 
than the equilibrium value. It may be noted that the 
lithium activity at saturation is about 0.1 between 
700 ~ C and 800 ~ C, in contrast with most alkali metal- 
alkali halide systems, for which the corresponding 
values of metallic activities approach unity [5, 21]. 

This peculiarity of the Li-LiC1 system is not con- 
sistent with a classical phase diagram with a simple 
miscibility gap, because in such a case the lithium 
ativity is practically unity in the domain where two 
liquids are in equilibrium. The phase diagram given 
in [18] has been deduced from few solubility data and 
is very incomplete. In fact, a diagram which would 
include a definite compound LimCL (Fig. 5) could 
offer a good explanation for the potential-time curves 
of Fig. 2, discussed above. In such a diagram there are 
two biphasic regions, situated in either side of the 
phase diagram; in both regions the activity of the 
LimC1 . compound is unity, but the activity of Li, 
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Fig. 5. Possible general shape of the Li-LiC1 phase diagram, to 
model the experimental results. 

although constant inside each region, may vary con- 
siderably when the lithium molar fraction crosses the 
value corresponding to the definite compound. In the 
present case, the lithium activity is near unity in the 
biphase lithium-rich region and about 0.1 in the 
second region. 

As already described, the explanation of the 
plateaus in Fig. 2 does not account for the shape of the 
curve between A' and B' in the same figure. Now in the 
case of the phase diagram of Fig. 5, this can be easily 
explained: after the electrolysis current has been 
stopped, the composition of the electrolyte in the 
vicinity of the working electrode changes from pure 
lithium to the final prepared homogeneous solution. If 
the solution to be prepared corresponds to point E 
in Fig. 5, the composition will follow the path A 
B --> C - ,  D -~ E (Fig. 5). Between points A and B 
(Fig. 5), the lithium produced is surrounded by a layer 
of LiCI. The diffusion of LiC1 and Li in opposite 
directions is fast because of the large composition 
gradient between the two layers. This rapid composi- 
tion shift results in the quick, but continuous, poten- 
tial increase between A' and B' in Fig. 2. The two 
biphase regions between B and C and between C and 
D (Fig. 5) correspond to the potential plateaus P1 and 
P2 in Fig. 2. Finally, when the solution becomes 
monophasic and reaches point D (Fig. 5) we observe 
the last potential plateau P3 in Fig. 2. 

Therefore, rather than P1, A' corresponds to the 
state when pure Li is on the electrode surface. The 
analysis of many potential-time curves showed that 
the potential difference between A' and the plateau P1 
was 6 + / -  2 mV. This means that the lithium activity 
on plateau P1, hence on the right side of the biphase 
region in Fig. 5, is between 0.90 and 0.95 at 650 ~ C. 
Table 1 shows the numerical results of the lithium 
activity with respect to the metal molar fraction 
yielded by this analysis. 

4. Summary and conclusion 

In this work, the activity of lithium in Li-LiC1 
solutions has been measured in a composition range 
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Table I. Experimental results: lithium activities for different lithium 
molar fractions at various temperatures 

Temperature (~ C) Li molar fraction Li activity 

650 

700 

750 

800 

0.002 38 0.001 20 
0.004 45 0.009 9 
0.006 49 0.052 
0.008 47 0.093 
0.01047 0.121 
0.01245 0.164 
0.01442 0.198 
0.01636 0.214 
0.018 37 0.227 

0.00109 0.000 34 
0.002 I8 0.0041 
0.003 27 0.008 5 
0.00436 0.0174 
0.00543 0,025 5 
0.006 52 0.035 6 
0.007 62 0.046 9 
0.008 70 0.056 1 
0.009 78 0.065 5 
0.010 85 0.073 7 
0.01192 0.081 1 
0.01298 0.093 6 
0,01405 0.0970 
0.015 13 0.100 
0.01621 0.105 
0.01728 0.113 
0.01835 0.114 
0.01941 0.114 
0.020 48 0,106 
0.021 54 0,105 

0.002 96 0,004 0 
0.012 99 0.061 1 
0.203 oI 0.089 8 
0.03301 0.112 
0.043 03 0.11 l 
0.053 09 0. l 12 

0.002 78 0.004 0 
0.01240 0.0303 
0.02190 0.072 2 
0.03108 0.098 8 
0.04019 0.126 
0.049 03 0.114 
0.057 77 0.115 

extending from very dilute solutions to the Li-saturated 
solutions,  at various temperatures  between 650~ 
and  800 ~ C. All the measurements  were performed by 

potent iometry  under  pure argon atmosphere inside a 

stainless steel glove box. The Li-LiC1 system appears 

different from the other alkali meta l -a lka l i  chloride 
systems because the metal activity corresponding to 
metal -sa turated solutions is not  larger than 0.1 to 
700~ 750~ and  800~ whereas it reaches uni ty 
in the case of the other  alkali meta l -a lka l i  halide 

systems. This result could be explained if the phase 
diagram presented a LimC1 . definite compound .  The 

other systems only present miscibility gaps. 
It will be interesting to investigate how the iow 

activities measured can be connected to the electronic 
conductivi ty,  which reaches high values in the case of 
the other systems [17, 20], Results concerning the 

electronic conduct ivi ty  of l i th ium-l i th ium chloride 

solutions will be presented in a subsequent  paper. 
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