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CHEMICAL INTERACTION AND GLASS FORMATION
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The character of the chemical interaction and glass formation in the As,S;-CuCr,Te, system was explored by
means of physicochemical analysis (DTA, MSA, XRD, density and microhardness measurements) and a
phase diagram was constructed. It was established that the state diagram of the system is a quasi-binary
eutectic type. In the system narrow homogeneous regions of up to 1.5 mol % As,S; and 3.5% mol %
CuCr,Te, were detected. Compounds As,S; and CuCr,Tes with each other form a eutectic composition of
10 mol. % CuCr,Te, with a melting point of 270°C. Under ordinary conditions, in the As,S;-CuCr,Te, system

based on As,Ss, the glass-forming region reaches 15 mol % CuCr,Te,.
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Introduction

The glassy chalcogenides As,S; and
As,Se; and alloys doped with some
chalcogenides as photosensitive and magneto-
optical materials have attracted the attention of
researchers in recent years [1-8]. In this regard,
multicomponent systems with the participation
of arsenic sulfide and selenide are intensively
studied [9-11]. Chromium chalcogenides and
the obtained ternary compounds based on it
have magnetic properties [12-14]. Therefore, the
study into interaction between As,Se; and
CuCr,Te, compounds is very important.

The aim of this work is to study
chemical interactions and glass formation in the
As,S3-CuCr,Te, system and build a phase

diagram.

The glassy compound As,S; melts with
open maximum at 310°C and crystallizes in
monoclinic syngony with lattice parameters as
follows: a = 11.49; b = 9.59; c =425 A, B =
90°27', sp.gr. P 21/n [15]. The density and
microhardness of the glassy As,S; compound
are respectively p = 3.187 g/cm3 and Hp =
128-145 MPa.

The initial compound CuCr,Te; melts
congruently at 1155°C [14] and crystallizes in a
cubic syngony with lattice parameters a =
11.134 A, sp.gr. Fd-3m, density p = 6.51 g/cm®
[16].

Experimental part

The alloys were annealed at 270°C for
350 hours. Alloys of the system were obtained
from ligatures As2S3 and CuCr2Te4, previously
synthesized from elements in quartz ampoules
pumped out to 0.133 Pa in the range of
temperature 600-1200°C depending on the alloy
composition. The alloys were annealed at 270°C
for 350 hours.

The alloys of the As,;S3-CuCr,Tey
system were studied by differential thermal
(DTA), X-ray diffraction (XRD),
microstructural (MSA) analysis, as well as
microhardness measurements and density
determination.

Thermal analysis of the alloys was
carried out on a TERMOSKAN-2 instrument
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with accuracy of 3-5°C, whiht chromel-alumel
thermocouple. The heating rate is 5 deg/min.
X-ray phase analysis was performed on an X-
ray device of D2 PHASER model using CuKa
radiation and a Ni filter. Microstructural
analysis of alloys of the As2S3-CuCr2Te4

system was carried out by means of a MIM-8
microscope. The microhardness of the phases
was measured on a PMT-3 instrument with
accuracy of 5% while the density of the samples
was determined by the pycnometric method.

Results and its discussion

Alloys of the As,;Ss;-CuCr,Tes system
with high As,S; content are bright red, brittle
layered, and with the CuCr,Tes increased
content; the samples acquire a dark brown hue.
Alloys rich in As,S3 are obtained by a glassy
appearance. They are resistant to air and water.
Concentrated mineral acids (HNO3, H,SO,4) and
alkalis (NaOH, KOH) decompose them. In

order to crystallize glassy alloys, 0-25 mol % of
As,Ss;—based CuCr,Tes was annealed at 170° C
for 600 hours while the remaining alloys were
annealed at 300°C for 240 hours. A
physicochemical study was performed before
and after annealing. Some physicochemical
properties of alloys from the glass region are
given in Table 1.

Table 1. Some physicochemical properties of glasses of the As,S3;-CuCr,Te, System

Composition,  |Thermal effects, °C _
mpol % Mlcrol\f)l?jrgness, Density g/cm®| Results MSA
As,S; | CuCryTe,| Tg Txp. T
100 0 170 230 310 1350 3,20 Glass,
97 3 170 230 210 1380 3,25 —
95 5 175 240 315 1380 3,32 —
93 7 180 245 320 1380 3,39 —
90 10 190 250 275 1390 3,47 —
85 15 195 255 320 1400 3,58
80 20 200 260 330 1420 3,70 —
75 25 210 270 340 1430 3,83 Glass, crystal.
70 30 210 275 350 1450 3,96 Glass, crystal.
60 40 220 280 350 1450 4,25 Glass, crystal.

Thermal analysis of alloys of the As,S3;-CuCr,Te, system showed that thermograms of alloys
are observed two endothermic effects related to solidus and three endothermic effects related to
liquidus. DTA of the system alloys before annealing shows that on thermograms of the alloys in the
concentration range of 0-25 mol. % CuCr,Tes, a softening temperature is observed at Tg of 170°C.
After prolonged heat treatment at 170 © C for 600 h, the alloys crystallize and a series of effects is

observed on the thermograms.

c)
Fig. 1. Microstructure of alloys of the As,S3-CuCr,Te, system.
a) - 1.5; b) -90.; ¢) - 96.5 mol % CuCr,Te,.

CHEMICAL PROBLEMS 2020 no. 3 (18)



378

CHEMICAL INTERACTION AND GLASS

Microstructural analysis of the alloys of the
As,S3-CuCr,Tes system shows that, in addition
to the initial components, the remaining alloys
are biphasic. The microstructure of alloys from
the region of 0-15 mol % CuCr;Te4 represents
one phase of dark color, and in the
concentration range from 15 to 25 mol. %
CuCr,Tes crystalline inclusions appears. A
study of the microstructure of the annealed
samples showed that 1.5 mol % CuCr,Te, and
3.5 mol. % As,S;3 single-phase alloys (Fig. la
and c). As the content of CuCr,Te, rises to 10
mol. % As,S; solid solutions disintegrate and
the alloys become biphasic (Fig. 1 b)

RAF of unannealed alloys of the As2S3-
CuCr2Te4 system shows that only on
thermograms of cast samples with a content of
more than 25 mol. % CuCr2Te4, intense
diffraction lines are observed. After annealing at
170°C for 600 hours on diffraction patterns in

A .
N —eag

the concentration range of 0-25 mol %
CuCr,Tes intense diffraction maxima are
obtained. X-ray analysis showed that the

diffraction patterns of alloys 70 and 100 mol %
CuCr,Te, consist of mixed diffraction lines of
the starting components. These data confirm
that the alloys of the system are two-phased.
Fig. 2 shows diffraction patterns of alloys in the
system of compositions 10, 15, 25, 70, and 100
mol % CuCr;Tes. As seen in Fig. 1, alloys 10,
15 mol % CuCr2Te4 belongs to the field of
glasses, 25 mol % CuCr2Te4 in the glass-
crystalline region, 70 and 100 mol % CuCr,Te,
crystalline region.

DTA, XRD and MSA showed that in the
system with slow cooling of the samples, the
region of glass formation reaches 15 mol %
CuCr,Tey, as well as in the regime of quenching
in ice water of about 20 mol % CuCr,Tex.
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Fig. 2. Diffraction patterns of alloys of the As,S3;-CuCr,Te, system.
1-10, 2-15, 3-25, 4-70, 5-100 mol % CuCr,Tey.

The T-x phase diagram of the As,S3-CuCr,Tey
system built in line with the physicochemical

analysis is shown in Fig. 3. The state diagram of
the As,S3;-CuCr,Tes system is a quasi-binary
eutectic type (Fig. 3).
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Fig. 3. T-x phase diagram of the As,S3-CuCr,Te, system.
Area of glass formation: 1-slow cooling, 2-quenching in ice water.

The liquidus of the system consists of
monovariant curves of 6, a and B-phase. The
phases 6 and o form an eutectic with
composition of 10 mol % CuCr,Te4 and melt at
270 ° C. At the eutectic point, a three-phase
reaction occurs: XX« & + a. In the range of 1.5-

96 mol % CuCr,Tes concentrations below the
solidus line, two-phase alloys crystallize (6 + o).
In the range of 96.5-100 mol % CuCr,Tey
crystallizes o phase. The microhardness of
As,S3-CuCr,Te, alloys was measured at each
phase before and after annealing.

Table 2. Results of DTA measurements of microhardness and density of system alloys
As,S3-CuCr,Te, after annealing

Composition, mol % Density, g/cm3 Microhardness, MPa

Thermal effects, °C * B

AS,S3 CuCr,Tey
P=0,10 H P=0,15H

100 0.0 310 3,46 700 -
95 5,0 270,310 3,60 750 -
90 10 270 3,76 Eutec. Eutec.
85 15 270,375 3,92 - -
80 20 270,480 4,07 800 -
70 30 270,615 4,37 800 -
60 40 270,615,720 4,68 - -
50 50 270, 615,800 4,98 - -
40 60 270,860 5,28 - 1870
30 70 270,925 5,60 - 1870
20 80 270,1000 5,90 - 1880
10 90 830,1075 6,21 - 1880
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5,0 95 700,1120 6,57 - 1880
3,0 97 1130 6,54 - 1860
0,0 100 810, 1155 6,51 - 1850

When measuring the microhardness of the
system alloys, three series of values were
obtained (Table 1). Before annealing, the
microhardness of glassy alloys 0-10 mol %
CuCr,Tey4 in the range of microhardness varies
in the range (1350-1400) MPa. After annealing
the same alloys, the microhardness decreases
(700-800) MPa. The microhardness of o phase
(CuCr,Tey-based solid solutions) varies in the
range (1850-1880) MPa. Prior to annealing, the
density values of glassy alloys in the

concentration range of 0-20 mol % CuCr,Te,
vary in the range of 3.20-3.70 g/cm?® (Table 2).
After annealing, the density values of the alloys
in the same region vary within 3.46-3.93 g/cm®
(Table 2). The data obtained show that the
microhardness of glasses is higher than the
corresponding crystals. On the contrary, the
density of glasses is lower than that of the
corresponding crystals, which is in good
agreement with the literature.
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As,S3-CuCr,Te, SISTEMINDO KIMYOVi QARSILIQLI TOSIR
VO SUSOOMOLOGOLMO

I.i. Bliyev, M.G. Sahbazov, S. S. Ismayilova

AMEA-min akad. M.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu
AZ 1143, Baki, H.Cavid pr., 113; e-mail: aliyevimir@rambler.ru
Azarbaycan Dévlat Pedaqoji universiteti
AZ 1001 Bak, U.Haczbayov kii¢.34

As,S3-CuCr,Te, sisteminda Kimyavi garsiligli tasir va siisoamlagalmonin xiisusiyyatlori fiziki-kimyavi analiz
metodlart (DTA, MSA, XRD, homcinin sixlig vo mikrobarkliyin 6l¢malani) ila todqgiq edilmis va faza diagrami
qurulmusdur. Naticalda miioyyon edilmisdir ki, sistemin hal diagrami kvazibinar olub, evtektik tiplidir.
Sistemda As,S3 yaxinhigindaki, 1.5 mol % -2 qadar mahdud sahada bark mahlul sahasi méoveuddur, CuCr,Tey
birlosmoasi asasinda iso 3.5 mol % bark mahlul askar edilmisdir. As,Ss Vo CUuCr,Te, birlosmoalori arasinda
omalo golon evtektikanin torkibi 10 mol % CuCr,Tey Vo arimasi isa 270°C-dir. As,Ss-CuCr,Te, sisteminda
adi soyudulma garaitinda, As,S; asasinda stisa sahasi 15 mol % CuCr,Te, togkil edir.

Acar sozlar: evtektik, siisoomalagalmo, sixlig, mikrobarklik, singoniya.

XUMUYECKOE B3AUMOJIENCTBUE U CTEKJIOOBPA3OBAHUE
B CUCTEME As,S;-CuCr,Te,

HN.A. Anues, M.I'. llax6a3oB, C.111. UcmaunnoBa

Hncmumym kamanuza u neopeanudeckou xumuu um. akao. M. Haeuesa
Hayuonanvroii AH Azepbatioxcana
AZ 1143 Baxy, np. I" JJrcasuoa, 113; e-mail:aliyevimir@rambler.ru
Asepbatioxcanckuti I'ocyoapcmeennvii Iledazocuyeckuti yHugepcumem
AZ 1001 baxy, yn.V. I'adocuberosa, 34

Xapaxmep xumuueckozo 63aumooelticmsus u cmeki0oopazoeanusn ¢ cucmeme AS,S3-CuCryTe, uccredosan
memodamu  uzuxo-xumuyeckoeo awnamza (ATA, MCA, PDPA a makoce uzmepenuem HIOMHOCMU U
MUKpoOmeepoocmu) u nocmpoeHa Gazosas ouazpammd.  YcmaumoeieHo, ymo Ouaspamma COCMOSHUSA
cucmemsl A61AeMc KGAZUOUHAPHOU 38MeKMuUYecKko20 muna. B cucmeme evisgnenvl y3xue 2omozenHbvle
obnacmu 00 1.5 mon. % AS;Sz u 3.5 mon. %. CuCr,Te,, Coedunenuss AS;Sz u CUuCr,Te, mexcdy coboti
obpaszyiom semexmuxy cocmaea 10 mon. % CUCr,Te, ¢ memnepamypoii niaenenus 270°C. Ilpu 06biumnbix
yenosusix oxnaxcoenus 6 cucmeme AS;S3-CUCK,Tey Ha ocnoge AS,S3 obracms cmek1006pazoeanusi 00Xooum
00 15 mon. % CuCr,Te,.

Knroueswle cnosa: 36mexmuxa, cmexiooopazoeanue, NiOMHOCHb, MUKPOMBEPOOCHb, CUHSOHUSL.
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