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ABSTRACT 

The composition ranges in which the system KCI-CaCl, -ZnCl z is molten are illustrated 
by liquidus lines drawn at 50’ intervals m the range 500- 1000 K on a ternary diagram. Solid 
and liquid phases were shown to coexist over a wide temperature range. Three eutectics were 
found wtth compositions (mole%): KC1(48)-CaCl,(2)-ZnCl,(50); KC1(27)-CaC1,(6)- 
ZnCl,(67); and KC1(72)-CaC1,(2)-ZnC1,(26) melting at 480, 495 and 690 K, respectively. 
The melting points agree with the calculated values of 490, 520 and 690 K. The two binary 
systems CaCl z -ZnCl z and KCl-ZnCl z were also redetermined. In the CaCl z -ZnCl z system, 
a eutectic was found at about 2 mole% CaCI, melting at 572 K and the KCI-ZnCI, phase 
diagram reported in 1941 was confirmed as correct. 

INTRODUCTION 

The use of metathetical reactions in molten halide salts for the recovery 
and separation of actinide metals is well-established [ 11. One such process is 
the reaction of ZnCl, with plutonium metal in the presence of NaCl or KC1 
which moderates the reaction kinetics [2]. 

Pu + ZnCl,/KCl + PuCl,/KCl + Zn 

The plutonium can then be recovered by reduction of the resultant salt with 
calcium metal [3] 

PuClJKCl + Ca -+ Pu + KCl/CaCl, 

To keep the amount of plutonium-contaminated waste to a minimum, the 
KCl-CaCl, salt produced in the reduction step could be recycled (in part) to 
the first-stage process. This would mean the use of the ternary salt, 
KCl-CaCl,-ZnCl, being generated for that step. 

There is no published data on this system and it was the purpose of this 
work to establish the liquidus diagram to determine whether any high 
melting compounds are formed in the temperature range of interest. 

* Copyright 0 Controller, HMSO, London, 1983. 
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Fig. 1. KCI-CaCI z phase diagram. 

A literature review of the binary salt systems comprising the ternary 
showed the KClLCaCl, system to be reasonably well-established with the 
presence of two eutectics at about 26 and 73 mole% KCI. A high melting 
point double salt is formed at the equimolar composition, KCaCl, (Fig. 1). 

The only available phase diagram of the CaClzPZnCl, system is that 
reported by Menge [4] in 1911. An ill-defined eutectic was found at ap- 
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Fig. 2. KCI-ZnCI, phase diagram. 0, Ref. 5; 0. ref. 6: 0. ref. 7; A, this work. 
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proximately 1.5 mole% CaCl,, melting at 572 K, although this is not shown 
in the published diagram There was no evidence of compound formation. 

The KCl-ZnCl, phase diagram is not weli-established and the most 
complete study has been made by Nikonova et al. [5] who observed eutectics 
at 30 mole %, 54 mole % and 72 mole % ZnCl,, having melting points of 
703, 503 and 535 K, respectively, with a peritectic at 46 mole % ZnCl,, 
having a melting point of 523 K. Ugay and Shatillov [6] made a restricted 
study and found a eutectic at 49 mole % ZnCl,. Later, Duke and Fleming [7] 
reported two eutectics at 31 mole % and 49 mole % ZnCl,. Figure 2 shows 
the data available and clearly there was a need to confirm that part of the 
diagram, in the ZnCl,-rich region. 

EXPERIMENTAL 

The study of ZnCl,-containing systems is complicated by its hygroscopic 
nature, and variations in the melting point in the range 250-365°C are 
quoted in the literature. These variations are explained by the presence of 
impurities in the ZnCl, and the extent of dehydration, on the one hand, and 
the conditions used for drying the salt on the’other. In determining the 
melting point of ZnCl,, care must be taken because the absence of stirring 
can lead to a reduction in the freezing point by approximately 2O”C, due to 
the tendency for ZnCl, to supercool. 

Nikonova obtained a melting point of 318°C on a sample of ZnCl, dried 
in HCI by observing crystal formation and disappearance and Cubiccotti 
and Eding [8] report values in the range 314-318°C for vacuum-distilled 
ZnCl,. 

STARTING MATERIALS 

Anhydrous ZnCl, (ultrapure) was obtained from Alfa Chemicals (Sup- 
plied by Lancaster Synthesis Ltd.) and had a melting point of 300°C. No 
significant increase in the melting point was observed on treatment with HCl 
gas. Vacuum-distilled ZnCl, (melting point, 308°C) was used for ZnCI,-rich 
compositions in the CaCl,-ZnCl, system. 

Mallinckrodt anhydrous food-quality grade CaCl, had a melting point of 
759°C compared with the published value of about 782°C [9]. The melting 
point remained the same after HCI gas treatment. Although impurities 
present in the calcium chloride reduce its melting point, and may influence 
the accuracy of temperature values for compositions close to pure calcium 
chloride in the ternary system, the effect will be minimal at higher concentra- 
tions of zinc and/or potassium chlorides. The Analar grade KC1 used had a 
melting point of 77l’C which agreed with the literature value [9]. 
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The KCI-CaCl, and KCI-ZnCl, eutectics which were used as feed-stocks 
for most of the thermal analysis measurements were prepared by slow drying 
of the appropriate mixtures of the salts at temperatures below their melting 
points in a flow of dry HCI gas using Pyrex apparatus. The mixtures were 
fused under HCI, purged with argon to remove HCI from the melt and 
finally filtered through a sintered frit to remove particulate impurities. The 
resultant cast blocks of eutectic were reduced to powder using a mortar and 
pestle in a ‘dry’ box. The melting points of each eutectic were determined by 
the cooling curve method and the results are given in Table 1. 

All reagents and glassware were dried in an oven at 120°C before use. A 
25 g sample of the required composition was weighed into a Pyrex or silica 
tube in an inert atmosphere dry box ( < 50 ppm water vapour) to minimise 
moisture uptake. A chrome]-alumel thermocouple, protected by a closed-end 
glass or alumina tube was placed in the salts and the end of the tube was 
plugged with glass wool to limit the ingress of moist air. The tube was placed 
in a furnace and heated to above the expected melting point and the molten 
salt was vigorously stirred. 

Power to the furnace was switched off and the sample allowed to cool 
slowly ( - 3” min- ‘) by covering with insulating material. The cooling curve 
was measured on a Lloyd Instruments CR600 chart recorder adjusted to 
suppress a fraction of the thermocouple output to display 20 mV full-scale 
deflection. Temperatures were calibrated by means of a precision potentiom- 
eter. The thermocouple was calibrated against pure zinc metal (melting point 
419°C) and corrections were found to be unnecessary for results quoted to 
the nearest 1”. The sample was stirred in the region of the freezing point to 
eliminate super-cooling, especially in ZnCl ,-rich compositions. 

Figure 3 shows the lines along which the experimental points were 
measured. Eutectic mixtures were used as the basis for most of the composi- 
tions because of their ease of preparation, drying and storage. For composi- 
tion lines l-3, CaCl, was added to KCI-ZnCl, eutectics of 31.6, 54.0 and 
71 .O mole% ZnCl 2: ZnCl, was added to the two KCI-CaCl, eutectics for 
lines 4 and 5. Lines 6 and 7 stretch from 75 mole% KCI-CaCl, to 66 mole% 
KCl-ZnCl, and 26 mole% KCI-CaCl, to 37 mole% KCl-ZnCl 2, respec- 

TABLE I 

Binary eutectics of KC1 

Composition 
(mole%) 

Melting point (K) 

Found Literature (Ref.) 

KCI-ZnCl, (31.6) 705 703 [S] 
KCI-ZnCI z (54.0) 490 505 [5] 
KCl-ZnCI z (7 1 .O) 533 535 [5] 
KCl-CaCI, (25.0) 867 867 [9] 
KCI-CaCl, (75.0) 900 913 [9] 
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Fig. 3. Composition lines for the experimental data. 

tively. The number of compositions measured along each line varied from 10 
to 15, and about 90 points were measured in the whole system. After each 
thermal analysis, samples were analysed for zinc and calcium; potassium was 
obtained by difference and it was assumed that there were no significant 
amounts of cationic impurities present. 

DISCUSSION 

ZnCI, binary systems 

In the determination of the CaCl,-ZnCl, liquidus diagram, the chemical 
analysis of the ZnCl,-rich compositions showed that losses of ZnCl, by 
volatilisation were negligible. The phase diagram obtained was similar to 
that found by Menge [4]; the only variation occurred in the O-2 mole% 
CaCl, region. Figure 4 shows the presence of a single simple eutectic at 
about 2 mole% CaCl, with a melting point of 572 K. 

The KCl-ZnCl, phase diagram (Fig. 2) determined between 40 and 80 
mole% ZnCl, is in good agreement with that of Nikonova et al. [5], 
particularly in the region of the 72 mole% ZnCl, eutectic which was not 
observed by other workers [6,7]. Eutectic compositions were found at 54 
mole% ZnCl, (497 K), compared with 503 K by Nikonova et al. and at 72 
mole% ZnCl, (536 K). The peritectic composition of 48 mole% ZnCl, has a 
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Fig. 4. CaCl,-ZnC1, phase diagram. 0, 1st temperature of arrest; A, 2nd temperature of 
arrest. 

melting point of 517 K (compared with 523 K). There was not such a large 
difference in temperature between the 72 mole% eutectic and the possible 
KZn,Cl, compound at 539 K as found by Nikonova et al. Previous work in 
this laboratory has confirmed the eutectic at 31 mole% ZnCl, (750 K) and 
the composition equivalent to the K,ZnCl, compound at 723 K. 

KCI-CaC12-ZnCl, system 

During the first part of the experimental programme only the composi- 
tions along the lines l-5 were determined because these are based upon the 
use of the simple binary eutectics. It was only after the initial construction of 
the liquidus diagram that unusual features were found in the region of 
KC1(30)-CaCl,(55)-ZnCl,( 15) and KC1(70)-CaC1,(20)-ZnCl,( 10). Mea- 
surements were then carried out along the tie-lines between the KClLCaCl, 
eutectics and the two ZnCl,-rich KC1 eutectics; these are the composition 
lines 6 and 7. 

Using all the data points, Fig. 5 is the liquidus diagram for the ternary 
system KCl-CaCl,-ZnCl, over the temperature range 500-1000 K. The 
most interesting experimental features were the three eutectics found at 
(mole%): KC1(72)-CaCl,(2)-ZnC1,(26), 690 K; KC1(48)-CaCl,(2)-ZnCl, 
(50), 480 K; and KC1(27)-CaC1,(6)-ZnCl,(67), 495 K whose compositions 
agree quite well with the calculated values: KC1(70)-CaCl,(2)-ZnC1,(28), 
690 K; KC1(47)-CaC1,(2)-ZnC1,(51), 490 K; and 
KC1(22)-CaC1,(5)-ZnC1,(73), 530 K. At these compositions the melts 
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Fig. 5. KCI-CaCI z -ZnCl, liquidus temperatures (K). l , Ternary eutectics. 

would solidify to KC1 + KCaCl, + K,ZnCl,, CaCl, + K,Zn,Cl, + 
KZn,Cl, and CaCl, + ZnCl 2 + KZn &l,, respectively [lo]. No ternary com- 
pounds were found in the system. 

The implications of these results on the pyrochemical recovery of actinide 
metals using ZnCl, in the presence of KC1 and CaCl, are that there will be 
no interference from any high melting phases and therefore recycling of the 
CaCl, waste is a reasonable proposition. 
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