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REPRODUCIBILITY OF PHASE CHANGES IN THE
SYSTEM CuCl>-KCl

K. Zurowski
Institute of Chemistry, Pedagogical University, 20-020 Kielce, ul. Checifiska 5, Poland

Abstract

The reproducibility of the phase changes at 533-543, 573-593K and 603—623 K in the sys-
tem CuCl-KCl was investigated by DTA analysis, supplemented with réntgenographic analysis.
Conclusions were drawn in connection with a liquid melt and the solid state of the system.
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Introduction

The reproducibility of the phase changes at 533-543, 573-593 and
603-623 K in the system CuCl,—KCl has been investigated by DTA and thermo-
gravimetric techniques in the present work in order to obtain information on the
nature of the ionic species in the liquid melts obtained during fusion in the sys-
tem at 573~593 and at 603—-623 K [1]. These phase changes occur in a range of
temperatures of about 20 deg, depending on the Cu/K molar ratio in the mixture
and on the temperature of preparation of the mixture. This 20 deg temperature
range also results from the occurrences of reactions between the ions obtained
immediately after melting of the mixtures. It was earlier discovered [2] that all
the above phase changes take place without a special gas atmosphere and that
the existence of the phase change at 533-543 K depends on the temperature at
which the sample was prepared. It was proposed [2] that the phase change at
533-543 K results from decomposition of the CuCl,~KCl mixtures during their
annealing at 473 K. Melting of the (1:2) CuCl,~KCl mixtures at 573-593 K is
accompanied by the reactions between the ions at 593 K [2]. It has also been
established [1, 2] that KCI crystals probably exist in the melts and do not par-
ticipate in the above reactions. From the results presented in [2], it is possible
to conclude that the phase change at 603-623 K yields stable ions in the melt,
probably Cu,CIz .

Experimental

The reproducibility of the phase changes was investigated with a deriva-
tograph (MOM, Budapest, Hungary). Weighed quantities of CuCl,-2H>O and
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KClI (Poch, Gliwice), mixed in appropriate proportions, were evaporated to dry-
ness at 393 K. After cooling down to room temperature, the samples were
crushed and ground, and subjected to the first thermogravimetric analysis. Mix-
tures with CuCl, to KCI molar ratios of 0.5, 0.622, 0.691, 0.768, 0.845, 0.922
and 1.0 were prepared as described above. Thermogravimetric analyses were
performed within different temperature ranges, depending on the number of
heating cycles of the system CuCl,-nKCl. The samples with n=2.0, 1.61 and
1.45 were heated three times during the DTA experiments: twice up to 601 K,
and the third time up to 663 K. All other samples were heated five times: twice
up to 601 K, and the following three times up to 663 K. It should be noted that
the first temperature is closely above the melting range of the samples at
573-593 K, and the second one is closely above the melting range of the sam-
ples at 603-623 K [2]. After each heating, the heater was rapidly removed and
the samples were quickly crystallized in the crucible. After cooling down to
room temperature, the samples were heated for measurement in the same cruci-
ble. All DTA measurement conditions were identical: a constant sample mass of
0.900 g, a corundum crucible, air atmosphere, Al,Os as reference material, a
heating rate of 5 deg/min and sensitivity TG 200 mg.

Additionally, the samples with n=2.0 and 1.0 were rapidly crystallized after
melting and were next dissolved in C,HsOH of analytical grade purity. The
white crystalline residue in the solution was analysed rontgenographically with
a DRON-2 diffractometer. The X-ray diffraction spectra of the samples that
were rapidly crystallized from the same melts were also analysed.

Results

Figure 1 shows the endothermic effects in the DTA curves of the sample with
n=1.084 in the 5th heating experiment.

The DTA curves reveal changes in the areas of the endothermic effects with
peaks at 533-543 K, 573-593 K and 603-623 K. The endothermic effect with
minimum at 533~543 K appears in the DTA curve obtained in the 2nd heating,
but not in the DTA curve obtained during the 1st heating. This effect continues
to appear in the subsequent DTA curves (3rd, 4th and 5th heatings). The endo-
thermic effect associated with the peak at 573~593 K is diminished during the
2nd heating, but is constant after each subsequent heating. The endothermic ef-
fect with minimum at 603-623 K starts to appear in the 3rd DTA experiment,
but its area is reduced in the subsequent runs. Figure 2 demonstrates the vari-
ation in area of the 533-543 K peak as a function of the composition of the sam-
ples, for each heating experiment.

The Figure clearly shows that the area of the peak with minimum at
533-543 K decreases to zero as the molar ratio of Cu to K in the samples is in-
creased to 1.0. It is also seen that the area of the peak is practically independent
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Fig. 1 DTA, DTG and T curves of the system CuClL,—KC] with the molar ratio of Cu to K
equal 0.922. Index 1, 2, 3, 4 and 5 is a number of heating
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Fig, 2 Variation of the peak areas of the endothermic effects at 533-543 K as a function of
the molar ratio of Cu to K in the system CuCl,—KCl. o: 2nd heating; x: 3rd heating;
¢: 4th heating; ®: Sth heating

of the number of heating cycles. Figure 3 demonstrates the variation in area of
the peak with minimum at 573-593 K in the DTA curves as a function of the
composition of the sample for each heating experiment.

Figure 3 shows that the area of the peak with minimum at 573-593 K de-
creases to zero as the molar ratio of Cu to K in the samples is increased to 1.0.
It is also seen that the area of the endothermic effect with minimum at
573-593 K is reduced in the 2nd DTA curves and is practically constant after
the subsequent heatings. It is worthy of note that the appearance of the
603-623 K peak in the DTA curves does not influence the areas of the
533-543 K peak (Fig. 2) and the 573-593 K peak (Fig. 3). Figure 4 demon-
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Fig. 3 Variation of the peak areas of the endothermic effects at 573—-593 K as a function of
the molar ratio of Cu to K in the system CuCL—KCl. 0: 1st heating; o: 2nd heating;
x: 3rd heating; e: 4th heating; m : Sth heating

strates that the area of the 603-623 K peak increases as the molar ratio of Cu
to K in the samples is increased to 1.0.

The area of the peak at 603-623 K is markedly reduced in the DTA curves
of the samples obtained after the 4th heating and decreases slightly during the
next heating. It is noteworthy that the 603623 K peak does not appear in the
first three DTA curves for the samples with n=2.0, 1.61 and 1.45. Rontgenog-
raphic analysis of the white crystals from C;HsOH solution led to the residue
being identified as KCI. Rontgenographic analyses of the sample of CuCly—
2KCl rapidly crystallized at 573-593 K showed Bragg peaks from K,CuCl, and
KCl phases in addition to very weak peaks from CuCl,.

Discussion

The phase change at 533-543 K occurs in the solid state of the system
CuCl,-KCl [1, 2]. It was not detected in the 1st DTA curves. Crystallization of
the system CuCl>—KCl at 573-593 K gave the solid phase which undergoes the
phase change at 533-543 K. After such rapid crystallization, interplanar spac-
ings characteristic of K,CuCly were identified rontgenographically in the solid
samples. This appears to indicate the existence of CuCl3~ in the liquid melts ob-
tained at 573-593 K. Analogously, lines of very weak intensity in the X-ray
spectra of CuCl; indicate the existence of Cu>* in the liquid melts obtained at
573-593 K. The white crystals of KC1 and the diffraction peaks of KCI in the
X-ray spectra of the samples obtained by rapid crystallization at 573-593 K in-
dicate the existence of CI” in the liquid melts. The area of the 533-543 K peak
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(Fig. 2) decreases to zero in a similar manner to that of the peak at 573-593 K
[3]. The area of the 533-543 K peak was practically unchanged when the liquid
system crystallized at 603-623 K (2nd and 5th heatings, Fig. 2). All the above
observations suggest that the peak at 533-543 K is a result of the crystallization
of that part of the system CuCl,-KCl which melts at 573-593 K. This means
that the peak at 533—543 K in the DTA curves is a result of crystallization of the
mixture of CuCli", Cu** and CI” which exist in the melt above 603-623 K.
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Fig. 4 Variation of the peak areas of the endothermic effects at 603—623 K as a function of

the molar ratio of Cu to K in the system CuCl;-KCl. x: 3rd heating; o: 4th heating;
®: Sth heating

If it is assumed that KCuCl; crystallizes first from the CuCl,—KCl melt [4],
together with the results which suggested the possibility of Cu hexacoordination
involving CuCl;™ groups in the solld state [5], it may be stated that CuCl;
groups crystallize together with Cu®** and CI” to give the system K,CuCls—
KC1-KCuCl; [4], while Cu hexacoordination and deformed CuCl; groups are
created similarly as presented in Fig. 5.

Figure 5 shows that the shift of C1™ towards the creation of Cu hexacoordina-
tion in the crystal lattice of the system CuCl,—KCl gives the surface configura-
tion 4K* +Cl™ [6], which is characteristic of the wall of the KCI unit cell.
K>CuxClg in the solid phase melts at 603 K [1, 8]. The phase change at
603-623 K was not detected for the 3rd heating of ne samples with n=2, 1.61
and 1.45. This indicates that K;Cu,Cls does not exist in samples of the system
CuCl»~KCl crystalhzed at 573-593 K as a separate phase. Thus, it may be sup-
posed that Cu,CI~ does not exist in the melt obtained at 573—593 K and that a
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Fig. § Probable configuration of the CuCl{™ ions after crystallization of the system
CuCL-KCl at 573-593 K

posed that Cu;ClZ does not exist in the melt obtained at 573-593 K and that a
space configuration of K,CuCls, KCl and KCuCl; (Fig. 5) undergoes a phase
change at 533-543 K. It was proposed in [4] that K;CuCl,—KCI-KCuCls under-
goes a phase change at 540 K. It may be said that during such a phase change
deformed CuCl;” groups may become planar at 540 K and pass into the liquid
melt at 573-593 K, giving Cu** and CI” from durable deformed CuCli
groups. An equilibrium between the above ions is probably achieved. The
shapes of the curves presented in Fig. 3 are the same, independently of the
number of heating cycles, and similar to that obtained in [3]. This suggests that
only that part of the solid system CuCl,—KCl which was established in [8] as the
phase K;CuCl, melts and crystallizes at 573-593 K. The decrease in area of the
573-593 K peak (Fig. 3) in the DTA curves for the 2nd to Sth heatings, as com-
pared with the 1st one, supports the statement that KCI crystallizes from the
melts as a separate phase (rontgenographic analysis). However, this reduction in
area (Fig. 3) evidently results from crystallization of the system K;CuCly—
KCI-KCuCl; from the melt. The same phenomenon of peak area reduction is
‘observed in Fig. 4, when the phase change at 603-623 K was registered in the
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DTA curves during the 3rd to 5th heatings of the system CuCl:-KCl. The
603-623 K phase change does not provide CuCl;” and Cu®* in the melt under
the DTA conditions, because the curves for the 2nd to 5th heatings in Fig. 3 are
practically the same. The decrease in the 603—623 K peak area results from de-
composition of Cu,CI§, as the peak at 603623 K in the DTA curves was attrib-
uted to the solid phase K>Cu;Cls [1, 8]. This decomposition generally gives CI”
in the melt, as the KCI] phase was found rontgenographically in the sample of
composition CuCl,-1KCl after its crystallization. Decomposition of Cu,CI§ un-
der the present DTA conditions does not lead to a considerable amount of
CuCly and Cu®* because neither of the phase changes at 533-543 K and
573-593 K were registered in the DTA curves obtained during successive heat-
ings of CuCl,-1KCl (Figs 2 and 3). The curves presented in Figs 2 and 3 are
also practically the same for the system CuCl>-KCl1 with molar ratios of Cu to
K from 0.768 to 1.0 durmg successive heatings. Thus, with regard to the pro-
posed constitution of Cu,CIZ [4, 8], it may be suggested that Cu,ClZ decom-
poses in the following way:

Cl Cl Cl 2- Cl Cl
NSNS NI -
Cu Cu ——m Cu u + 2C1 §))]
7 N_.7 N\ VAN
Cl Cl Cl Cl Cl

The liquid melt then crystallizes to give K2CuzCls and KCl as solid phases.
The complex CuyCls proposed in reaction (1) can be stabilized in the
CuCl>-KCl liquid melt by the CuCli~ and Cu provided in the melt by the
573-593 K phase change:

Cl Cl 2- Cl Cl
AN / 2+ N_/ N\
Cu + Cu  — Cu Cu @)
7N /S N/
Cl Cl Cl Cl

The existence of CuzCly in the liquid melt arising from reaction (2) would
explain the double character of the peak at 573-593 K [2]. The double charac-
ter of that peak may also result from reaction (3):

CuCl + Cu® +2CI' » Cu,Cl¥ 3)

but it is much less probable that the four ionic species participate in the forma-
tion of Cu,CIZ  at the same time. The equilibrium constant of reaction (3) is
therefore assumed to be very small. No double character of the peak at
573-593 K was observed for the system CuCl,~KCI with a molar ratio of Cu to
K higher than 0.5 [2]. This may be due to partial dissolution of the K,CuxCls
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phase in the liquid melt obtained at 573-593 K and the attainment of equilib-
rium in reaction (3) or more probably in reaction (2).

Conclusions

The phase change at 533-543 K results from the shift of C1” towards the for-
mation of planar CuCl{™ in the solid state of the system CuCl,-KCl. Under the
present DTA conditions, this phase change is not a result of a decomposition
process, as suggested in 2].

CuCli", Cu™ and CI” generally exist in the liquid melts obtained at
573-593 K. Equilibrium may be achieved among them.

White crystals of KCI crystallize as a separate phase from the liquid melts of
the system CuCl,-KCl.

The system CuCl,~KCl crystallizes at 573-593 K a space configuration sys-
tem K;CuCls~KCI-KCuCls, which undergoes a phase change at 533-543 K.

The double character of the phase change at 573-593 K probably results
from the following reaction, which occurs additionally at 593 K under the DTA
conditions:

CuClf + Cu* » Cu,Cly

The phase change at 603-623 K gives Cu,Cls . This is not stable, as men-
txoned in [2, 4]. After melting of the system CuCl,-KCl at 603-623 K,
Cu,Clg decomposes, probably as follows:

CU2C1%_ - Cu,Cly + 2CI°

The complex Cu;Cly crystallizes from the liquid melt, similarly as the solid
phase K>Cu,Cls [9], and during successive heating it melts, also at 603—-623 K.

x ¥ %

The author dedicates this work to the memory of the late Professor Zdzislaw Czarny.
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Zusammenfassung — Mittels DTA, verbunden mit rontgenographischer Analyse wurde im
System CuClL-KCl die Reproduzierbarkeit der Phasenumwandlungen bei 533-543 K, bei
573-593 K und bei 603-623 K untersucht. Schlufifolgerungen in Verbindung mit der flissigen
Schmelze und dem Festzustand des Systemes wurden gezogen.
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