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ABSTRACT
The phase diagrams of the CuInSZXSe2(1_x), CuAlea1_xSe2,
CuGaxIn1_xSe2, AgGaSsze2(1_x), AgGaxIn1_x52, CuGaSZXSe2(1_x),
CuGaxIn.l_xS2 so0lid solutions are plotted using the differential

thermal analysis (DTA). All investigated phase diagrams are cha-
racterized by a small crystallization range and belong to the
first type phase diagrams according to Roseboom's classification.
It has been found that there are solid phase transformations in
the above mentioned solid solutions. The termodynamical analysis
of investigated phase diagrams is performed.

INTRODUCTION

There is scarce information in literature about phase diag-
rams of the ternary compounds AIBIIICvg and their solid solitions.
In /1,2/ the phase diagram of the AgGaSez-AgGaS2 system has been
plotted but the date are contradictory. Observations on phase
equilibrium in the CuInSz- CuInSe2 system are reported in /3,4/.
The data on other systems are not available.

The aim of this study is to investigate the phase disgrems of
solid solutions of the ternmary compounds AIBIIICvg. The apparatus
for DTA is analogous to that described in /5/. The studies have
been carried out on samples obtained by direct melting of the
elemental components, a two-temperature technique and a chemical
transport method. The combosition and homogeneity of the ternary
compounds and their solid solutions have been tested by chemical
and X-ray analysis.,

RESULTS AND DISCUSSION
The phase diagrams of the CuInSe2 - CuInSz, CuInS2 - CuGaSZ,
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CuInSez-CuGaSez, CuGaSez-CuGaSZ, CuAlSez-CuGaSez, AgGaSe2-AgGa82,
Agﬁe.sz-AgInS2 solid solutions are plotted from the DTA data, some
of them are given in Fig.1-4., The T-x phase diagrams are charac-
terized by a smell crystallization range and can be referred to
the first type phase diagrams according to Roseboom's classifi-
cation.

The CuInSe‘?--CuInS2 rhase diegram is given in Fig.1. The pre-~
gence of solid phase transformations is characteristic of both
the (}uInSez, CuIn52 ternary compounds and their solid solutions.
The phase transformations analogous to that taking place at
1083 K in CuInSe2 and at 1284 K in CuIn52 are obgerved in the
CuInSsze2(1_x) solid solutions over the whole composition range
that indicates the identical nature of these transformations. The
second phase transformation is detected for CuInS2 (1313 K) and
the above mentioned solid solutions in the compositiion range
0. 7€ x< 1.

Fig.2 gives the C!uZLnSz-Cu(}aS2 system phase diagram. The solid
phage transformations in the system are observed in the 04x<0.5
composition range. The temperature range of the second phasge
trangformation is 3-5 K as in the case of the CuInSez--Cu(}ea.Se2
system.
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The phase diagram of the CuInSez-CuGaSe2 system is given in
Fig.3. The solid phase transformations are observed for the
CuInSea, CuGaSe2 (1320 K) ternary compounds end their solid sol-
utions over the whole range of composition that indicates the
identical nature of these transformations. The solid phase trans-
formation is observed for the compositions with 0£x<0,5 in the
CuGaSZxSe2(1_x) golid solutions (Fig.4) and for compositions with
0<£x<0.3 for the Cudl Ga, .Se, solid solutioms. Contrary to
other investigated systems in the phase diagram of the CuAlSez-
CuGa892 system there is a common point at 33 mol.% CuGaSe2 that
is characteristic of the systems with close melting temperatures

of the initial components (Cl‘m = 1336 X for CuAlSe, and T = 1345 K
for CuGaSez).
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In the phase diagram for AgGa.Sez—AgGa.S2 the crystallization
range is 10-15 K as in the ' case of other investigated systems. In
90 mol.% AgInsS 2—10m01.% AgGa52 golid golution the solid phase
trensformation is obgerved, the analogous transformation of AgI:n52
is detected at 958 K.
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The nature of the solid phase transformations in the investi-
gated ternary AIBIIICV% compounds and their solid solutions can
be accounted for in terms of the concepts of cation-cation and
cation-anion disorderings given in /6/. It can be assumed that
the so0lid state transformations observed at 1083, 1313, 1248 K
for the GuInSez, CuGaSez, CuIn52 compounds and their solid solu-
tions correspond to the cation-cation disordering. The solid phase
transformation at 1363 K in CuInS, end that in the Culn3, Se, (4.x)
CuGa,In, -5, correspond to the cation-anion disordering. Thermal
effect observed at 958 K for AgIns, 1is of different nature.

AgIns, is the only compound of the ATBTTcYI femily which can
exist in two ordered structures: chelcopyrite and orthorombic
ones. The orthorhembic s*ructure can be easily obtained by quén-
ching from the temperature exceeding that of phase transition

to room temperature.

Using the obtained experimental results for the CuInSez-
CuInSZ, CuInSZ-CuGaSZ, CuInSeg- CuGaSez, CuGaSeZ-CuGa.S2 systems
the termodynemicel analysis of phase equilibriums was carried out
that made it posgible to determine the interaction parameters for
liquid (k') end solid (x®) phases. From the obtained interaction
parameters values the solidus and liquidus curves are calculated
in approximation of the theory of regular and ideal solutions
using the known equations of phase equilibriums. The calculated
values in approximation of the theory of regular solutions (solid
lines in figers) coincide with the experimental data.
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