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ABSTRACT 

The LiCl-ZnCl, binary phase diagram has been determined because of its presence as a 
binary component of several ternary systems under study. At LiCl-(10 mol%)ZnCl, (835 K) 
the polymorhous lithium chloride phase change was found, and at LiCl-(40 molX)ZnCl, 
(610 K) the peritectic corresponding to incongruent melting of Li,ZnCl, was present. Two 
eutectics were observed at LiCl-(78 mol%)ZnCl, (548 K) and LiCl-(91 mol%)ZnCl, (560 
K). The compound LiZn,Cl,, (LiCl-(83 mol%)ZnCl, (659 K)), was found and supported by 
the results of X-ray diffraction analysis. 

INTRODUCTION 

There is considerable interest in the application of molten salt reactions 
using zinc chloride and an important aspect is the determination of phase 
diagrams. Previous experimental studies on the KCl-CaCl,-ZnCl, ternary 
system have been carried out in this laboratory [l] and the LiCl-ZnCl, 
system is the latest in the series. Interest in this binary arises from the 
possible future application of the LiCl-KCl-ZnCl, ternary system as a 
molten salt solvent extraction system. The possibility of liquid-liquid immis- 
cibility in LiCl-KCl-ZnCl, is suggested by analogy with LiCl-KCl-AlCl, 
and the covalent nature of zinc chloride. The component binary phase 
diagrams of LiCl-KC1 [2] and KCl-ZnCl, [l] are well known but the 
LiCl-ZnCl, binary diagram has not been extensively investigated. 

The only reference to the LiCl-ZnCl, phase diagram (Fig. 1) was pub- 
lished in a Russian compilation [3] from data by Evseeva and Bergman [4] as 
part of the LiCl-ZnCl,-Li,SO,-ZnSO, system. Other evidence suggests 
that complex anion formation [5] occurs at high zinc chloride concentrations 
which was not observed in the phase diagram. The calculated excess free 
energies of the system LiCl-ZnCl, [6] deviated markedly from expected 
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Fig. 1. LiCl-ZnCl, liquidus diagram [3,4]. 

values at high ZnCl, concentrations, also implying complex formation. The 
present study was undertaken to resolve these anomalies in the LiCl-ZnCl, 
phase diagram. 

EXPERIMENTAL 

Materials 

Anhydrous lithium chloride was obtained from the Aldrich Chemical Co. 
and had a melting point of 608OC (cf. 610°C [7]). Anhydrous, vacuum-sub- 
limed zinc chloride was supplied by Andersons Physics Laboratories (m.p. 
308°C cf. 318°C [S]). Both reagents were dried at 100°C under vacuum for 
at least 24 h before use. 

Method 

The LiCl-ZnCl, phase diagram was determined by the thermal arrest 
method which has previously been described [l]. 

X-ray powder diffraction analysis 

X-ray diffraction analysis was carried out using the following technique. A 
powdered sample was prepared by crushing in an agate mortar in a dry box, 
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and a thin-walled (0.01 mm) silica capillary tube (0.3-0.5 mm ID) was 
loaded with the sample and sealed at both ends. The sample tube was loaded 
into a Straumanis-Ievins type Debye-Scherrer powder camera, the sample 
was exposed for 22 ’ h to Cu-Ka radiation, and the resulting diffraction 
pattern measured with a calibrated ruler to give spacings directly. The 
diffraction pattern was compared with standard patterns for zinc chloride 
and lithium chloride. 

RESULTS 

The LiCl-ZnCl, phase diagram is shown in Fig. 2 and Table 1 gives the 
line intensities and spacings of the diffraction patterns. An important feature 
of the series of diffraction patterns was the degree of absorption due to the 
inability of grinding the sample to a sufficiently fine power which results in 
splitting into a strong and weak line. The clearest example is the zinc 
chloride line at 4.8 on the JCPDS standard pattern which was observed as 
two lines (4.75 (strong) and 4.9 (weak)) in this work. 

Despite this effect there is good agreement between the patterns observed 
for lithium chloride and zinc chloride and the standard patterns. Photo- 
graphic film shrinkage has not been taken into account and consequently 
may lead to a slight displacement of the lines between different samples. 
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Fig. 2. LiCI-ZnCl, liquidus diagram. 
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DISCUSSION 

The region 75-100 mol% ZnCl, shows considerable variation from the 
data of Evseeva and Bergman [4] where only a single eutectic at LiCl-(77 
molW)ZnCl, (560 K) was observed. Two eutectic compositions were found 
in the present study at LiCl-(78 mol%)ZnCl, (548 K) and LiCl-(91 
mol%)ZnCl, (560 K). A peak in the liquidus curve, indicative of compound 
formation, was observed at LiCl-(83 mol%)ZnCl, (659 K) corresponding to 
the compound LiZn,Cl,,. 

The cooling curve of the LiCl-(83 mol%)ZnCl, composition did not give a 
single temperature arrest, as expected for a congruently melting compound. 
This may be due to instability of the compound and the problem of 
obtaining complete mixing of the highly viscous melt. The duration of the 
first temperature of arrest increased the longer the melt was held at tempera- 
ture, indicating that the concentration of the compound was increasing. 
However, the melt could not be held at temperature for more than 3 h 
because of volatilisation of zinc chloride. Some X-ray powder diffraction 
studies were made to confirm the existence of this compound. The composi- 
tions LiCl-(40 mol%)ZnCl,, LiCl-(60 mol%)ZnCl 2, LiCl-( 82 mol%)ZnCl 2, 
LiCl-( 83 mol%)ZnClz, LiCl-( 85 mol%)ZnCl z and LiCl-( 91 mol%)ZnCl 2 
were examined. None of the X-ray diffraction patterns of these compositions 
showed any lines due to lithium chloride because of the presence of the 
incongruently melting compound Li,ZnCl,. The diffraction pattern of the 
proposed compound has lines which are not present in those of zinc chloride, 
lithium chloride or the LiCl-(40 mol%)ZnCl, composition. It is inferred 
from these results that another high molecular weight solid phase is present. 
This new phase was assigned as the LiZn,Cl,, compound on the basis of the 
phase diagram data. The zinc chloride line at 3.05 is present throughout the 
range of compositions studied, even at the composition of the proposed 
compound, supporting the evidence of the cooling curve that the compound 
exists in equilibrium with free zinc chloride and Li,ZnCl,. 

The X-ray powder diffraction results, with the previous evidence [5,6] 
support the phase diagram and the existence of a compound in the ZnCl,-rich 
region. This disagrees with the Russian version of this system [3]. 

CONCLUSIONS 

Experimental determination of the LiCl-ZnCl, phase diagram was car- 
ried out. At LiCG(10 mol%)ZnCl, (835 K), the polymorphous lithium 
chloride solid phase change occurs and at LiCl-(40 mol%)ZnCl, (610 K) a 
peritectic corresponding to the incongruent melting of the Li,ZnCl, com- 
pound was present. Two eutectic compositions were observed: LiCl-(78 
mol%)ZnCl, (548 K) and LiCl-(91 mol%)ZnCl, (560 K). A congruently 
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melting compound, LiZn,Cl,, (LiCl-(83 mol%)ZnCl, (659 K)) was found 
and supported by the results of X-ray diffraction studies. This compound 
was not found in a previous Russian study of this phase diagram. 
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