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Abstract: Behavior of interaction in the Sb,Se;-GaSe system was explored and a phase diagram
constructed using the complex methods of physical and chemical analysis: differential thermal (DTA), X-
ray phase (XRD), microstructural analysis (MSA), as well as the measurement of micro hardness and
density. It found that in the system Sh,Se;-GaSe two congruently melting compounds of the GaSh,Se; and
GaSh,Se, compositions are formed at 515 ° C and 490 ° C, respectively. It revealed that the GaSe-based
solubility in solid state is 4 mol. % Sb,Ses;but if based on Sh,Se; — it is 5 mol. % GaSe. Three eutectics
are formed in the system with composition appropriate of 43 and 60 mol. % Sbh,Se; and melts at 470, 425

and 450°C, respectively.
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Introduction

It is known that chalcogenides of 1Il B
subgroup elements, as well as multicomponent
phases on their basis are reputed to be
perspective substances used in the development
of photoelectric devices [1-3].

In literature [4-7], it is known that
chancogenides of antimony Sh,X3(X-S,Se, Te)
and solid solutions on their basis are used as
materials for a p-branch of thermoelectric
coolers. From this standpoint, the study of
interaction between chalcogenides Sh,Se; and
GaSe is of scientific and practical significance.
In literature [8-10] some systems were studied
using chalcogenides of antimony.

The objective of the work is to study the
phase formation and some physical and

chemical properties of Sb,Ses;-GaSe system
alloys.

Note that the Sb,Se; compound is
obtained with open for maximums and melts
congruently at 617°C, crystallized in a
rhombic syngony with lattice parameters: a=
11,633; b= 11,780; c= 3,985 A , space group
Pbnm-D2,'® density p= 5,843 g/cm® and micro
hardness Hu= 1200 MPa [11].

Gallium monoselenide GaSe melts
congruently at 960°C and is crystallized in a
hexagonal syngony with lattice parameters: a =
3,755; ¢ = 1594 A, Z=4, space group
P63/mmc-D’, density p = 5,03 glem® and
micro hardness 300 MPa [12].

Experimental part

Initial components of the Sb,Ses;-GaSe
system were synthesized by melting elements
of high purity in quartz ampoules vacuumed
up to 0.133 Pa at 700-1100°C. Note that
antimony Sb-000, selenium -B4 and gallium
99.999% were used as initial elements. To
obtain equilibrium state, alloys were annealed
at 400°C for 350 hrs.

Equilibrium alloys were studied in line
with methods of differential and thermal
(DTA), X-ray phase, microstructural (MSA)
analyses, as well as measurement of micro
hardness and determination of density.

DTA of alloys of the system was
conducted using «TEMASKON-2» with a
heating rate of 10 deg./min. Calibration

CHEMICAL PROBLEMS 2019 no. 3 (17)


mailto:aliyevimir@rambler.ru

404

I.I. ALIYEV et al.

chrome-aluminum thermocouple are used,
Al,Os is served as a standard.

X-ray phase analysis was conducted on D2
PHASER using CuKa-radiation, Ni-filter.
MSA of alloys of the system was investigated
through the wuse of a metallographic
microscope MIM-8 with GOI paste polished
specimens. The microstructure was revealed

by an etchant with the HNOj; (conc)
composition: H,O, =1 : 1. ehe etching time
was 20 sec.

Micro hardness of alloys of the system
was measured using PMT-3 at loads of 0.10
and 0.20 N. Density of alloys of the system
was determined using pycnometer method
while toluene was used as a working liquid.

Results and discussion

Alloys of system Sb,Se;-GaSe are
obtained in the form of light grey compact
ingots. Resistance to air, water and organic
solvents was studied. Strong mineral acids
(HCI, HNO3) decompose them well.

Thermal analysis of the Sh,Ses;-GaSe
system alloys shows that two endothermic
effects relating to solidus and liquidus were
found on thermograms of alloys.

During studying microstructure of
alloys of the system it found that on the basis
of initial components there are limited areas of
homogeneity. To determine areas of solid
solutions on the basis of Sh,Se;, alloys
containing 2, 5, 7 and 10 mol% GaSe were
synthesized. Obtained alloys were annealed for
520 hrs. at 200 and 300°C and hardened in icy
water. Then microstructural analysis was
conducted. It revealed that the solubility on the
basis of Sh,Se; at room temperature is 5 mol

% GaSe, but at 470°C it is 10 % GaSe. Solid
solutions on the basis of GaSe stretch up to 4
mol % GaSe.

Two compounds of the GaSh,Se; and
GaSh,Se, compositions congruently melting at
515 and 490°C are formed in the system
ShySe;-GaSe. The existence of compounds
was confirmed using DTA, X-ray phase
analysis, MSA analysis methods,
microhardness and density measurements.

On thermo-grams of GaShsSe; and
GaSh,Se; compounds there is a single
endothermic effect at 515 and 490°C which
indicates their congruent melting. Figure 1
shows microstructure of alloys of eutectics,
compounds  GaSh;Se; and  GaSh,Se;.
Microstructure (fig. 1 and c) of compounds
GaSbhsSe; and GaSh,Se;, was studied after
annealing for 750 hrs. at 450°C.

c)

Fig.1. Microstructure of eutectics (a) and GaSh,Se; (b) and GaSh,Se,4 (c) compounds.
a) -15mol. % GaSe (eutectics), b)- GaSh,Se;, ¢)- GaSh,Se;.

According to X-ray phase analysis,
inter-planar  distances and intensities of
diffraction peaks of initial alloys 20; 33,33; 50
and 70 mol. % GaSe (Fig.2) were calculated. It

found that diffraction peaks of alloys 33.33; 50
mol % GaSe revealed on diffraction pattern
differ from diffraction peaks of initial
compounds.
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Fig.2. Diffractograms of alloys of the system Sbh,Ses-GaSe.
1- Sh,Se; 2-20, 3- 33,33 (GaShsSey), 4- 50 (GaSh,Ses), 5-70, 6- 100 mol. % GaSe.
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Fig. 3. Phase diagram of the Sh,Ses-GaSe system.

According to physical and chemical
analysis, the state diagram of the Sbh,Se;-GaSe
system was constructed (Fig. 3). Part of
liquidus in the concentration range of 0-20 mol
% GaSe corresponds to primary separation of
a-phase (solid solutions based on Sh,Ses),
concentration limits of 20-43 mol % GaSe
crystals of new phase GaSh,Se; are separated

from liquid, primary crystallization of the
phase GaSh,Se, occurs in the range of 43-60
mol % GaSe, finally, B-phases (solid solutions
based on GaSe) are crystallized in
concentration range of 60-100 mol % GaSe .

It should be added that microhardness
of alloys in the system was measured using
PMT-3 loaded up to 0.15 N. Results of micro
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hardness measurement of alloys are cited in
Table to show that four rows of values are
found in the system. For the o-phase, the
microhardness varies within (1200-1250)
MPa. In the concentration range of 20-43 mol.
% GaSe a new value of microhardness (1350-
1400) MPa is revealed to indicate the

microhardness of the new phase GaSh4Se7. In
the range of 43-60 mol. % GaSe the
microhardness value (1500-1530) MPa is in
accord with the new GaSh2Se4 phase. For the
GaSe compound, the microhardness values are
300 MPa.

Table. Results of DTA, measurement of micro hardness and density of the Sh,Ses;-GaSe
system alloys

Composition, mol % Micro hardness of phases, MPa
. Density, o GaShb,Se; GaSh,Se, B
Sh,Se; GaSe Thermal effects, °C 1O3kg m3
P=0,15H
100 0.0 617 5.84 1200 - - -
97 3.0 560,610 5.82 1230 - - -
95 5.0 520,590 5.80 1250 - - -
90 10 470,565 5.74 1250 - - -
85 15 470,520 5.68 - - - -
80 20 570 5.65 Eutec Eutec. - -
75 25 470,500 5.64 - - - -
70 30 470,510 5.60 - 1350 - -
66,6 33.3 515 5.63 - 1400 - -
60 40 425,480 5.55 - 1400 - -
57 43 425 5.50 - Eutec Eutec. -
50 50 490 5.52 - - 1500 -
45 55 450,475 5.41 - 1530 -
40 60 450 5.35 - - Eutec Eutec.
30 70 450,655 5.23 - - - 370
20 80 450,770 5.19 - - - 370
10 90 450,875 5.16 - - - 370
5,0 95 580,940 5.12 - - - 370
3,0 97 700,945 5.08 - - - 350
0,0 100 960 5.03 - - - 300
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Sh,Se;-GaSe S.I'S'.I'E.MI'.N DO FAZAOMOLOGILMO VO QR_I'NTiLaRiN
FIZIKI-KIMYQVI XASSOLORININ TODQIQI

LI dliyev', N.A. Mammadova', F.M. Sad:qov?

'AMEA-n:n acad. M.Nagiyev ad. Kataliz vo Qeyri-Uzvi Kimya Institutu
AZ 1043, Bak:, H. Cavid pr.113; e-mail: aliyevimir@rambler.ru
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AZ-1148 Baku, Z.Xalilov kig., 23

Fiziki-kimyavi analizin kompleks metodlar:: diferensial-termiki (DTA), rentgenfaza (RFA), mikroqurulus
(MQA) analizi va elaca da mikrobarkliyin va sixligin tayini vasitasilo Sh,Ses-GaSe sistemi tadqiq edilmig
va faza diagram: qurulmugdur. Miayyan edilmigdir ki, Sb,Ses;-GaSe sisteminds iki - GaSh,Se; va
GasSh,Se, tarkibli uygun olarag, 515°C va 490°C-da kongruyent ariyan birlagmalor alinmusdir. Sistemda
GaSe asasinda 4 mol % Sh,Se; hall oldugu halda, Sh,Se; birlagmasi asasinda isa 5 mol % GaSe hall
oldugu askar edilmigdir. Sistemda amoalo galon ¢ evtektikan:n tarkibi 20; 43 u 60 mol % Sh,Ses,
temperaturlar: isa uygun olaraq 470, 425 u 450°C-dir.

Acar sozlar: sistem, kongruyent, evtektika, solidus, likvidus.

HCUIEJOBAHHE ®A300bPA30OBAHUA H HEKOTOPBIX ®U3IHKO-
XUMHYECKHX CBOHCTB CIL'IABOB CHCTEMABbI Sh;Se;-GaSe

uun. AJzueel, H.A. Mamedoeal, @.M. Cadvizo6*

YUnemumym kamanusza u neopeanuveckoii xumuu Hayuonansnoti AH Aszep6aiiovncana
AZ 1043 Faxy, np.I" [{ncasuoa,113; e-mail: aliyevimir@rambler.ru
baxunckuii cocyoapcmeennwiil ynusepcumem
AZ-1148 Baxy, y. 3. Xanunosa, 23

Komnnexcnoimu memodamu ¢huzuxo-xumuueckoeo auvanusa: ouggepenyuanvrho-mepmuyeckoeo ([TA),
penmeenogazoeoco  (PDA), muxpocmpykmypnoco (MCA) ananuza, a maxoce uMepeHuem
MUKDOMEEPOOCMU U NIOMHOCMU U3YYeH Xapakmep esaumooeicmsus 6 cucmeme Sb,Se;-GaSe u
nocmpoena  ¢azosas duazpamma. Ycmanoeneno, umo ¢ cucmeme Sb,Sez-GaSe obpaszyiomes oOsa
Konepysnmno nuassuuxcs coeournenuss  GaSb,Se; u  GaSh,Se, npu memnepamypax 515°C u 490°C
coomeemcmeenno. Ycmanosneno, umo pacmeopumocms Ha ochose GaSe 6 meepoom cocmosHuu
cocmasnsiem 4 mon. % Sb,Ses, a na ocnose Sb,Ses -5 mon. % GaSe. B cucmeme obpasyiomes mpu
agmexmuxu, cocmas komopwix omeeuaem 20; 43 u 60 mon. % Sb,Se; npu memnepamypax 470, 425 u
450°C coomseemcmeenno.

Knioueswie cnosa: cucmema, KoHepyIHmMHbILU, 26MEKMUKA, COTUOYC, TUKBUOYC.
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