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CHANGES IN ION COMPOSITION IN THE LIQUID
SYSTEM CuCl,-KCl, INVESTIGATED BY
THERMOGRAVIMETRY

K. Zurowski

Institute of Chemistry, Pedagogical University, 25-020 Kielce, ul. Checifiska 5, Poland

Abstract

CuCl;~KCI mixtures were annealed at 603 K and thermogravimetrically analysed after cool-
ing to room temperature. The mixtures differed in the molar ratio Cu/K and in the duration of
heating at 603 K. The constitutions of the ions, the reactions between them and the mechanisms
of their decomposition in the melt are proposed, as are the constitutions of the active centres in
the oxychlorination process.
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Introduction

Fontana ez al. investigated liquid melts in the system CuCl,—KCI-Cu,Cl, [1]
by measuring the equilibrium chloride pressure over the melt. They proposed
the compositions of the ions in the liquid melt, and the equilibrium between
them. Similar results for the liquid system CuCl,-KCl without Cu,Cl; have not
been published. Direct investigation of the system is very difficult on account
of the unstable [2], corrosive [3] character of the melt, and there are no stan-
dard data which may be used for direct instrumental techniques. In paper {1},
assumptions were made to describe the results. At a molar ratio Cu/K from 0.5
to 1.0, the solid system CuCl,—KCl undergoes a phase change at 533-543 K,
and melts at 573-593 K or 603-623 K {4, 5]. A crystal lattice constitution
which undergoes the melting process has been established [6—8]. Probable re-
actions of the ions, or their decomposition after melting, have been suggested
[8, 9]. The present work supplements results proposed in [8, 9]. It involves
thermogravimetric investigations of the system CuCl,~KCl, in which Cu/K was
varied from 0.5 to 1.0. The system CuCl,~KClI was heated at 603 K for differ-
ent times. Changes in the ion composition in the CuCl,-KCI melt were investi-
gated by thermogravimetric analysis of the mixtures, which were rapidly
crystallized and cooled to room temperature.
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Experimental

To obtain the system CuCl,—KCl, dihydrous copper(Il) chloride and potas-
sium chloride (PoCh, Gliwice) were used. Weighed quantities of these two
salts, in appropriate proportions, were dissolved in distilled water and the solu-
tion was evaporated to dryness at 343 K. The dry residue was crushed and
ground. Powdered samples were roasted at 603 K for 1, 3, 6 or 72 h in an air
atmosphere. After heating, the samples were rapidly cooled down to room tem-
perature and subjected to thermogravimetric analyses. Mixtures with molar ra-
tios Cu/K of 0.5, 0.622, 0.691, 0.768, 0.922 and 1.0 were prepared and heated
at 603 K.

Thermogravimetric analyses were performed with a derivatograph (MOM,
Budapest, Hungary) within the temperature range 293-773 K. The measure-
ment conditions were as follows: constant sample mass 0.600 mg, corundum
crucible, air atmosphere, Al,Os as reference material, heating rate 5°C min™,
sensitivity DTA 1/5, sensitivity DTG 1/5, sensitivity TG 200 mg.

Results

Figure 1 shows the thermal curves of the system CuCl,-KCI at Cu/K=
0.845, after heating of the mixture for 1 h at 603 K.
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Fig. 1 TG, DTG and DTA curves of a mixture of CuCl; and KCl heated at 603 K for 1 h.
Molar ratio of Cu to K=0.845
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In the DTA curves of the mixtures heated for 1 h at 603 K, the analyses re-
vealed intense endothermic effects with minima at 573-593 K and 603-623 K,
small and well-shaped endothermic effects with minima at 483-513 K,
533-543 K and 663-706 K, and a very small endothermic effect with minimum
at 418-428 K. The endothermic effect with minimum at 483-513 K has a dou-
ble character. Figure 2 shows the thermal curves for an identical sample to that
presented in Fig. 1, but after heating for 3 h.
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Fig. 2 TG, DTG and DTA curves of a mixture of CuCl, and KCl heated at 603 K for 3 h.
Molar ratio of Cu to K=0.845

In the DTA curves of the mixtures of CuCl; and KCI heated at 603 K for 3 or
6 h, an exothermic effect appears with maximum at 508-553 K. It is clear that
this exothermic effect makes it impossible to detect the peak at 533-543 K in
the DTA curves. The peak at 603—-623 K is not present in the DTA curves of the
mixtures heated for 3 or 6 h. The 573-593 K peak is considerably decreased in
the DTA curves of the mixtures heated for 3 h, and is absent in the DTA curves
of the mixtures heated for 6 h. In the TG curves of the mixtures heated for 3 or
6 h, an increase in sample mass is observed. This mass increase begins from the
peak at 418-428 K (Fig. 2), and is much more considerable after the endother-
mic effect at 483-513 K. Thermal curves for the mixture of CuCl, and KCl
with Cu/K=0.845 after heating for 72 h at 603 K are presented in Fig. 3.

J. Thermal Anal., 47, 1996
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Fig. 3 TG, DTG and DTA curves of a mixture of CuCl; and KCI heated at 603 K for 72 h.
Molar ratio of Cu to K=0.845

An increase in sample mass is to be seen in the TG curve in Fig. 3. The exo-
thermic effect and endothermic effects at 533-543 K, 573-593 K and
603-623 K were not presented in the DTA curve. In the DTA curve in Fig. 3,
there are endothermic effects with minima at 418-428 K and 483-513 K, and
a very large endothermic effect at 663-706 K. The peak at 663-706 K has three
minima: at 678 K, 688 K and 697 K. these three minima in the endothermic ef-
fect at 663-706 K were also seen in the DTA curves of the mixtures heated for
3 or 6 h. Ideal separation of these three peaks was not attained, even after
change of the DTA sensitivity or variation of the temperature increase rate. The
most intensive minimum of the peak at 663—-706 K shifts to higher temperature
as the duration of heating or Cu/K is increased. For the mixture with
Cu/K=1.0 heated for 3 h, five minima were recorded for the 663-706 K peak:
at 663 K, 678 K, 688 K, 697 K and 706 K. Similarly as observed in [8, 9], the
DTA picture of the samples differed as Cu/K and the duration of heating in-
creased. Figure 4 shows the variation in area of the peaks at 603-623 K and at
533-543 K, as a function of Cu/K in the mixtures, when the mixtures were
heated at 603 K for 1 h. The curves obtained after the same mixtures were
heated at 473 K [9] for 2 h are also presented in Fig. 4, for comparison.

J. Thermal Anal., 47, 1996
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Fig. 4 Variation of the area of the endothermic effects with peak at 603—623 K (curve 1 and
2) and with peak at 533-543 K (curve 3 and 4) as a function of the molar ratio of Cu

to K in the mixture. Curve 1 and 3 — the mixtures heated at 603 K, curve 2 and 4 ~
the mixtures heated at 473 K

It is seen that the run of curve 1 is almost identical to that of curve 2 obtained
for the mixtures heated at 473 K for 2 h. Curve 1 is located a little below
curve 2. The area of the 533-543 K peak (curve 3) is practically the same as
that of this peak for the identical mixture but after heating for 2 h at 473 K
(curve 4), when Cu/K is increased from 0.5 to 0.7. The area of the 533-543 K
peak in curve 3 is larger that of in curve 4, as Cu/K in the mixtures is increased
from 0.75 to 1.0. The endothermic effects with minima at 533-543 K and
603-623 K were not observed in the DTA curves for the CuCl,~KCI mixtures
heated at 603 K for 3 h or more. The peak at 533—-543 K may be masked by the
exothermic effect in the DTA curves. Figure 5 shows the variation in area of the
573-593 K peak as a function of the mixture composition, after heating at
603 K for 1 h (curve 1) or for 3 h (curve 2). The curves after heating at 473 K
[9] for 12 h (curve 3), and after a third heating during investigation of the phase
change reproducibility [8] (curve 4), are also presented in Fig. 5.

Curve 1 is located below curve 4 for Cu/K values from 0.5 to about 0.78.
Curves 1, 2 and 3 are located above curve 4 for a Cu/K from about 0.8 to 1.0.
It is seen that the shapes of curves 1, 3 and 4 are similar. Curve 1 markedly ex-
ceeds curve 3 for a Cu/K from 0.5 to about 0.85. However, after 3 h of heating

J. Thermmal Anal., 47, 1996
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Fig. 5 Variation of the area of the endothermic effect with peak at 5$73-593 K as a function
of the molar ratio of Cu to K in the mixture. Curve 1 — the mixtures heated at 603 K
for 1 h, curve 2 — the mixtures heated at 603 K for 3 h, curve 3 — the mixtures
heated at 473 K for 12 h, curve 4 — obtained after third heating during investigation
of the phase change reproducibility [8]

at 603 K, curve 2 is located below curve 3. Curve 2 has a completely different
shape as compared with the shapes of curves 1 and 3, for a Cu/K of from 0.5
to 0.85. Curve 2 is located below curve 3 and decreases, it seems, to zero for a
Cu/K about 0.8. It also seems that curve 2 may have two different values for
Cu/K about 0.8. Above Cu/K=0.8, curve 2 runs almost identically to curves 1
and 3. The endothermic effect with minimum at 573-593 K does not appear in
the DTA curves obtained after 6 h of heating CuCl,—KCI mixtures at 603 K.
Figure 6 shows the variation in area of the peak at 418-428 K as a function of
Cu/K in the mixtures after heating for different times.

It is seen that the area of the 418-428 K peak increases as Cu/K is increased
independently of the duration of heating. The area of this peak becomes larger
as the duration of heating the mixtures becomes longer. A considerable de-
crease in peak area is observed for a Cu/K about 0.8 in curves 2 and 3. Figure

J. Thermal Anal., 47, 1996
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Fig. 6 Variation of the area of the endothermic effect with peak at 418--428 K as a function
of the molar ratio of Cu to K in the mixture. Curve 1 — the mixtures heated at 603 K
for 1 h, curve 2 — the mixtures heated at 603 K for 3 h, curve 3 — the mixtures

heated at 603 K for 6 h

7 shows the variation in area of the 483-513 K peak as a function of Cu/K in
the mixtures, and as a function of the duration of heating at 603 K.

Extrapolation of curves 1 and 2 leads to the identification of the extremum
for a Cu/K about 0.8. This extremum is equal to those in curve 3 for Cu/K=0.5
and 1.0. In Fig..7, curve 2 is located above curve 1. However, curve 3 has al-
most the same values as curves 1 and 2, at a Cu/K about 0.8. Curve 3 increases
as Cu/K becomes more different from 0.8. Figure 8 shows the variation in the
663-706 K peak area as a function of Cu/K in the mixtures.

Curve 1 decreases as Cu/K in the mixtures increases from 0.5 to about 0.85,
and next increases until Cu/K becomes equal to 1.0. Curve 2 is located consid-

erably above curve 1. Curve 2 increases as Cu/K increases. It has a deep
minimum for Cu/K=0.845.

Discussion

The oxidation of the CuCl,~KCIl melt to be observed in Fig. 2 will not be
discussed in this work. It may be said that the phase changes at 533-543 K and
573-593 K indicate the existence of CuCl{” in the CuCl,~KCI mixtures [8, 9].
After the results presented in [9], the phase change at 573-593 K indicates the
existence of the complexes CuCl;” and CuCuCl, in the melt. The phase change

J. Thermal Anal., 47, 1996
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at 603—623 K indicates the existence of the complexes Cu,CI¢ and Cu,Cly, ob-
tained by the elimination of two Cl™ [8, 9]. The origin of the peak at 663-706 K
is not yet explained. The results presented in Fig. 4 (curve 1 below curve 2) and
the disappearance of curve 1 after heating at 603 K for 3 h indicate that
Cu,Clf” decomposes readily to Cu;Cls (CuCuCly) and 2C1 [8, 9]. The location
of curve 3 above curve 4 in Fig. 4 indicates the decomposition of Cu,Cly in the
melt to form CuCuCl, and CuCl§™ :

cl {
- N AN
Cu,Clé —» Cu,Cl+2C1 —» ou/c Cu(Cu,Cl,) += Resonance
VRN form
Cl -Cl
o (1)
-— \Cu \Cu(C CuCt,) 2 2
A (CuCuCl,) — 15" +
Cl/ \Cl/ ‘ outh

It is probable Cu®* in Cu,Cls compete for the negative charge. Thus, a reso-
nance form may be formed in the CuCl,-KCI melt, with a balanced contribu-
tion of the covalent bond, as already 2proposed in [9]. This rivalry may lead to
the creation of stable CuCl3™ and Cu®*. On the other hand, increase of the co-
valent bond, above the resonance form, may lead to the transfer of about 1/2¢”
negative charge to both Cu®* in the complex Cu,Cls:

Cl
e \Cyz‘ .
CU u (2)

o

Cu,C1,

>

The location of curve 1 below curve 4 in Fig. 5 for a Cw/K from 0.5 to 0.75
may indicate the occurrence of the following reaction of CuCl{™ and Cu®* [9]
in the melt:

cl /cn‘
CuClZ » Cu®* = CJ  Cu
SO 3)
cl o

The similar shapes of curves 1, 3 and 4 in Fig. 5 support the existence of a
similar ion composition in the solid state [9] and in the liquid melt of
CuCl,-KCI mixtures. Curves 1, 2 and 3 slightly exceed curve 4 in Fig. 5 for a
Cu/K from about 0.8 to 1.0. This would support the proposals in (1) of the de-
composition of Cu;Cly and the increases in the amounts of CuCly and CuCuCl,
in the melt. Long heating of solid mixtures at 473 K [9] (curve 3 in Fig. 5 is
considerably below curve 1) would convert Cu’* and CuCli into complex (3)
more efficiently in the solid, on account of the more rigid immediate neighbour-
hood of the ions. Meanwhile, curve 2 is located below curve 3 in Fig. 5. This
is a result of further decomposition of CuCl;” in the melt. This decomposition

J. Thermal Anal., 47, 1996
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Fig. 9 Theoretical variation of ions obtained after melting CuCl,—KCl solid phase with the
molar ratio of Cu to K from 0.5 to 1.0. Curve 1 —amount of Cu;CI{” existed in the
Cu,CI¥ solid phase, Curve 2 — amount of CuCL¥ existed in the CuCLy™ solid phase,
curve 3 — amounts of CuCl¥ and Cu?" ions obtained after melting of CuCl? solid
phase, curves 4 and 5 — amount of ClI” ions obtained in the melt after decomposition
of Cu;Cl¥ and CuCl}™ solid phases adequately, curve 6 — resultant amount of CI”
ions in the melt

increases as Cu/K is increased up to about 0.8. It should be noted that the
amount of Cu;Cls in the solid phase increases and that of CuCli in the solid
phase decreases as Cu/K in the mixtures is raised from 0.5 to 1.0 {7]. When
Cu/K is about 0.8, the solid system CuClz—KCl theoretically gives to the melt
at603 K comparable amounts of CuCl;" and the complex CuCuCl, (1) [9] from
the CuCl; and the Cu;,Cl¥ in the solid phase adequately[7] (Fig. 9). Thus, the
decrease of CuCl3™ in the melt in the reaction

Cl Cl, a Ct. Ct Cl
ANV N 7 X N N\
CuClZ + Cu® Cu\ Llu—s /CU\ Cu = Cu /CU
ct o a U/ c/ ol
4)
Cl
Cl."' 3/2(0:u/ \Can*
a \Cl/

should be the most effective and visible for the above Cu/K, on account of the
probable equilibrium in (3) This may be due to the comparable amounts of
CuCl? (Cu®*) and Cu,ClZ from the solid phases (Fig. 9), which pass into the
melt at 573-593 K and 603—623 K, respectlvely This would suggest that
equivalent amounts of Cu®* and CuCl4 prevent the complex CuCuCl4 from
further decomposition in Eq. (1). This would explain the role of Cu®* in the de-

J. Thermal Anal., 47, 1996
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composition of Cu,CI§™ [1], but it may now be written that the complex Cu,Cl,
undergoes this decomposition process:

Cu® + Cu,Cl, —» Cu,Cly(2) + 1/2Cly + Cu™ (5)

For the above reasons, decomposition of CuCuCls via Cu,Cl, at 603 K, to form
Cu,Cls in reaction (4), would be visible mostly for mixtures with a Cu/K about
0.8. Accordingly, the value estimated by extrapolation in Fig. 5, which is twice
the theoretical value for Cu/K=0.8 supports the existence of equilibrium (3).
When Cu/K becomes higher than about 0.8, excess of CuCuCly above the
amount for equilibrium (3) is presumed to exist in the melt, due to reaction (1).
The location of curves 1, 2 and 3 slightly above curve 4 in Fig. S indicates the
existence of the complex CuCuCly in the melt [9]. Practically the same values
for curves 1 and 2 as that for curve 3 in the range of Cu/K above about (.88
suggests that it is the same CuCuCls complex as proposed in the solid phase [9].
The same values for curves 1 and 2 in this range of Cu/K indicates the high sta-
bility of the complex CuCuCly in the melt, probably on account of the existence
of the resonance form proposed in [9]:

» Resonance
form

CUCUCI/, -« L CUzCl/. (6)

<

The existence of the flex points in the curves presented in Fig. 6 may result
from ‘the most effective’ decomposition of CuCuCly via CuyCls in reaction (4).
This would suggest that the resonance form (6) in the solid phase undergoes a
phase change at 418-428 K, but it is different from the solid phase which melts
at 573-593 K or at 603-618 K [8, 9] (it may be a solid phase obtained by rapid
non-ordered crystallization). The increase in the curves presented in Fig. 6 as
Cu/K increases suggests the formation of CuCuCly at 603 K, generally from
Cu,Cl in the solid phase [7] in reaction (1). The disappearance of the
603-623 K peak in the DTA curves obtained after 3 or 6 h of heating at 603 K
indicates the decomposition of Cu,CI§ , but also supports the existence of the
above ‘non-ordered’ crystallization. After heating for 6 h, the peak at
573-593 K also disappears from the DTA curves. At the same time, the area of
the 418-428 K peak increases as the duration of heating becomes longer. The
418-428 K peak is again observed for the mixture with Cu/K=0.5 (Fig. 6).
This would indicate that the resonance form (6) exists in the melt because of re-
action (3), and supports the reversibility of this reaction (3). The flex points in
the curves in Fig. 6 correspond to the extrapolated maximum in Fig. 7 for Cu/K
about 0.8. It should be concluded that the product of decomposition of the reso-
nance complex (6) undergoes a phase change at 483 —513 K. It is probably
CuyCls obtained at 603 K in reaction (2). The ‘extrapolated’ amount of Cu;Cl;
(2) may be obtained at 603 K after long heating of mixtures with Cu/K=1.0 or

J. Thermal Anal., 47, 1996



786 ZUROWSKI: SYSTEM CuCl-KCl

0.5 (Fig. 7). It arises as a result of reaction (1), but also of reaction (4). Thus,
equilibrium of reaction (3) may be obtained in the melt after long heating:

a g

CuCll™ s CU** =—= \Cu/ \tu )
uCl,” + Cu™ = P
/ \Cl"/

with simultaneous decomposition of the resonance form (6) in reaction (5). The
decrease of curve 3 below the extrapolated values of curves 1 and 2 in Fig. 7 for
Cu/K about 0.8 indicates that Cu,Cls (2) undergoes further reaction. After the
results presented in [1], this may be as follows:

Cl
3/20 / \ 3/20 /
» CU Cu + 120
NaYa N’ ’ (®)

but Cu,Cl; (2) may also dissociate in the following way:

vz, / \ e ¥ m’ / \ i o

Cl/ \Cl/ \Ci/ ©

Dissociation (9) should be dependent on the CI” environment of the complex
Cu.Cl;. After heating for 6 h at 603 K, the amount of the resonance form in
equilibrium (7) should be theoretically comparable (Fig. 9) in the melts with
Cu/K=0.5 and about 0.8. However, the amount of Cl” in the melt at Cu/K=0.5
is considerably higher (Fig. 9). The amount of the complex Cu,Cl; is also about
twice as high in the melt at Cu/K=0.8 (Fig. 7, curve 3). Hence, the deep de-
crease in curve 3 in Fig. 7 at Cu/K about 0.8 may indicate the decomposition
of Cu,Cl; in reaction (9). It is interesting that the values for curves 1, 2 and 3
in Fig. 7 for the mixtures with Cu/K about 0.8 are almost the same. This indi-
cates the high stability of the Cu,Cls (2) in these mixtures on account of the
probable chemical equilibrium of reaction (9). This would suggest that reaction
(8) makes an especially considerable contribution in the melt at Cu/K=0.5 and
1.0. The shift in the most intensive minimum of the 663-706 K peak to higher
temperature as Cu/K is increased, singling out the 697 K minimum for the mix-
ture with Cu/K=1.0, would indicate the melting of Cu,Cl; at 697 K [10]. Melt-
ing of the CuyCl, solid phase should make a considerable contribution to the
663-706 K phase change energy, since its crystal lattice is destroyed. The loca-
tion of curve 2 in Fig. 8 considerably above curve 1, especially for Cu/K=0.8,
and the shift in the most intensive minimum of the 663-706 K peak to higher
temperature as the duration of heating at 603 K is increased, would indicate

J. Thermal Anal., 47, 1996
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melting of the Cu,Cl; obtained in the melt at 603 K in reaction (8). The extrapo-
lated increase in curve 2 as Cu/K is increased supports the existence of reaction
(2) and then reaction (8), when Cu,Cls originates from Cu,CIZ in the solid
phase [7]. The deep decrease in curve 2 in Fig. 8 for Cu/K about 0.8 indicates
the considerable contribution of dissociation (9) in these mixtures at 603 K.
The shift in the most intensive minimum of the 663-706 K peak to lower tem-
perature (663 K) as Cu/K is decreased supports the early finding [9] that
CuCuCls undergoes a phase change at 663 K. Accordingly, the following reac-
tion sequence may be proposed, probably occurring at 663-706 K as endother-
mic phase changes:

cl
. N\ 372+ . 10
at 663 K.  CuCuCl, ——-;ZCU/ /Cus/2 + Cl (10)
o’
al a al
- . 2+ + + - (1 1)
at678 K: Cu/ Nt 2c< >Cu il >c6
cl al Nt
Cl Cl
) X . N\ . (12)
at 688 K: ”ch/ >cd’ Y e CU< cu
o N o
ates7 K. Melting of Cu,Cl, (13)
AN\ N
at706 K O —Ci Touw—sTI ou o+
\a/ Ny (14)

For this reason, five minima were observed in the 663-706 K phase change
of in the CuCl,~KCI melt with Cu/K=1.0. To summarize all the above results,
the following changes in ion composition may be proposed as probably occur-
ring in the melt up to about 663 K:

Cu®'+ CuClZ s==%CuCuCl, 7==Resenance o—r cy,ci, (15)
2 / \ 2+
y
Cu,Cl, —» /CU\ / + (16)

J. Thermal Anal., 47, 1996
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Cl —_— Cl\
mtu/ \cd”' ’c:u< /cJ . Qo (17)
Cl/ \Cl/ cl.
Cl Cl (18)
SIZOCU/ \Cal'h- <_:: 3/20Cu/ ‘\CJIZ. . or
\Cl/ cl

After very long heating of CuCl,~KCl mixtures at 603—663 K, the overall
reaction may be written:

a
./ \ (19)
Cu,Cly+ Cu?*s CuClZ” -—1’.2Cu,/ Ca "+ CI + CuCly + 201 (Cly)
&
when the Cu,Cl, crystal lattice may grow in the melt and Cu®* and CuCl}™ may
disappear completely:
Cu?* + CuCll ——» Cu,Cl, + CI' —» Cu,Cl, + Cr (20)

until equilibrium (18) is exhausted:

a Cl Ct
* + / -+
3/2éu/ AN o2 . or » 32 / >Cl?l< . Cu\ \Cu +
N o N ol

For this reason, three minima originating from Cu,Cl; (reaction (11)),
Cu,Cls (reaction (12)) and Cu,Cl; (phase change (13)) were registered for the
663-706 K phase change in the DTA curve in Fig. 3. Hence, the equilibrium of
thermal dissociation (18) supports the stability of the system CuCl,-KCl. After
the results presented here, the most stable phase should be the melt with the mo-
lar ratio Cu/K about 0.8, when thermal dissociation (18) and additionally
resonance form (15) have considerable meaning:

/Cl\
CuCly + CU + CuCll =2 Cully + &7 v O (21)
ct
The arrows in Eq. (21) are of no importance from a chemical kinetic point
of view. They merely underline the reversibility of reactions (15) and (18). It is

seen that Cu,Cls (2CuCl;) does not compete with Cu,Cl, for CI™ as described in
[1], and Cu,Cl; in (21) does not include monovalent copper ions.

J. Thermal Anal., 47, 1996
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Conclusions

Cu,CI¥ [1] does not exist in the melted system CuCl,~-KCl. The resonance
form of the complex Cu;Cls probably exists in the melted system CuCl,~KCl at
603-663 K.

The complexes Cu,Cls and Cu,Cl, in the CuCl,—KCl melt are proposed as a
neutral molecule Cu;Cl; and the ion Cu,Cl; , respectively, which are com-
pletely different from that proposed in [1].

The unstable character of the melted system CuCl,~KCl probably results
from the secretion Cl° from the melt, possibly as 2CI" =Cl..

The resonance forms of Cu,Cly (CuCuCly) and Cu,Cl; may exist in the
CuClL-KCl melt due to the tendency of the two Cu®* d° electrons to be paired.

The complex Cu,Cls decomposes in the CuCl,—KCl melt at 603-663 K, giv-
ing the neutral molecule Cu,Cl;, and next copper(I) chloride, Cu;Cl,.

CuCl; may crystallize from the CuCl,-KCI melt at 603-663 K.

Chemical equilibrium between Cu®*, CuCli~ and CuCuCls is proposed in
the CuCl,-KCl melt at 603-663 K.

Chemical equilibrium between Cu,Cl; , CI” and Cu,Cl; is proposed in the
CuCl,-KCI melt at 603663 K.

The above two chemical equilibria support the stability of the melted system
CuClz—KCl.

The most unstable should be the melted system CuCl,—KCl with Cu/K about
0.8; probably because of the comparability of the above two chemical equili-
bria, in agreement with the stoichiometry of the equation:

CuzCls + Cu* + CuClf” ==CuyCls + CuCly + CuCl™ + CI”

The unstable character of the melted system CuCl2-KCl with Cu/K=0.5
and 1.0. It probably results from the small contribution of the thermal dissocia-
tion of Cu,Cls and the high degree of Cu;Cls decomposition with secretion of
Cl" and copper(I) chloride, Cu,Cls.

The endothermic phase change at 663—706 K results from the melting of
copper(I) chloride, Cu,Cl,, the decomposition of Cu,Cls and Cu;Cls, and the
transfer of negative charge from one Cu ion to another. The resonance forms of
CuzCly (CuCuCly) and Cu,Cl; are probably active centres in oxychlorination
process [11].
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