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Abstract: The NdAs,Se,-Nd,Se; system was investigated by methods of differential thermal (DTA), X-
ray phase (XRF), microstructural (MSA) analysis, as well as microhardness and density
measurements, and a T-x phase diagram was constructed. It has been established that this system is a
non-quasi-binary section of the ternary Nd-As-Se system. Above the solidus temperature (675°C) the
NdAs,Se,;-Nd,Se; system is not quasi-binary, and below the solidus is stable. In the NdAs,Se,-Nd,Ses
system solid solutions based on the initial components are practically not detected.
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Introduction

Arsenic chalcogenides and related alloys
have photoelectric, acoustic-optical properties
[1-4]. As is known, rare-earth chalcogenides
and ternary phases, as well as solid solutions
obtained from them are also photoelectric,
luminescent semiconductor materials with
magnetic properties. These materials are widely
used in various areas of the electronics industry
[5-7].

From this point of view, it was interesting
to investigate the physicochemical interaction of
arsenic  chalcogenides  with  neodymium
chalcogenides. ~ The search  for  new
photosensitive and thermoelectric materials is
both of scientific and practical importance.
Earlier, we studied chemical interactions of

arsenic ~ chalcogenides  with rare-earth
chalcogenides [8-10].

The purpose of the work is to study the
phase equilibria and the construction of the
phase diagram of the NdAs,Ses-Nd,Se; system.

The Nd,Se; compound melts congruently
at 1700°C and is crystallized in a cubic system
like ThsP, with the unit cell parameters: a =
8.871 A, sp.gr. 143d-T®, density p = 6.69 g/sm*
[11].

The  NdAs,Se;  compound  melts
congruently at 675°C and is crystallized in a
tetragonal system with lattice parameters: a =
12.62;c=7.42 A, Z =7, ppukn. = 5.75 g/sm®; px.
ray = 5.99. g/sm°.

Experimental part

To study the phase equilibria in the
NdAs,Se;-Nd,Se;  system, alloys  were
synthesized in a wide concentration range. The
synthesis of ternary alloys of the system under
consideration was carried out through fusing the
NdAs,Se; and Nd,Se; components into quartz
ampoules having been evacuated to 0.133 Pa at
a temperature of 800-1200°C. To homogenize
the alloys, annealing was performed at 450°C
for 200 h. The alloys of the NdAs,Se;-Nd,Ses
system were studied by means of differential

thermal (DTA), X-ray phase (XRD), micro-
structural (MCA) analyses, and microhardness
measurement and density determination.

DTA alloys of the system were carried
out on a TERMOSKAN-2 device with an
accuracy of 3-5°C, a chromel-alumel
thermocouple, and calcined Al,O3 served as the
standard. Heating rate of 9 degrees/min. X-ray
phase analysis was performed on an X-ray
instrument of the D2 PHASER model through
the use of CuKa radiation with a Ni filter. The
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micro-structural analysis of alloys was carried
out using an MIM-8 microscope. In the study of
alloy microstructure, an etchant of composition
1 N HNO; + HF = 2:1 was used, the etching

time was 20 s. The microhardness of the phases
was measured on a PMT-3 instrument with an
accuracy of 5 %, and the density of the samples
was determined by the pycnometric method.

Results and its discussion

Alloys of the NdAs,Se;-Nd,Ses system in
the concentration range 0-60 mol % Nd,Se; are
obtained in the form of compact ingots. Alloys
in the range of 60-100 mol % Nd,Se; are non-
uniform. Therefore, in this range the samples
were ground into powder at 200 atm. pressed
into a tablet and exposed to heat treatment at
800°C for 100 hours.

The alloys of the NdAs,Se;-Nd,Ses
system in the form of ingots are resistant to air
and water. Powdered samples are exposed to
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hydrolysis with prolonged exposure to air. They
are well soluble in nitric acid HNOs.
Homogenized alloys were examined by methods
of physical and chemical analysis. Note that the
thermograms of the system alloys have three
endothermic effects. Proceeding from the results
of micro-structural analysis of alloys, it found
that the alloys of the NdAs,Ses-Nd,Se; system
in the solid state are two-phased. In the system
based on the initial components, solid solutions
are not practically installed.
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Fig.1. Diffractograms of the alloys NdAs,Se,-Nd,Se3 system.
1- NdAs,Se,, 2- 30, 3-50, 4-70, 5-100 mol % Nd,Ses.

To confirm the results of differential thermal
and micro-structural analysis, X-ray phase
analysis of alloys with a content of 30, 50 and
70 mol % Nd,Se; is required. On the basis of
the experimentally calculated inter-planar

distances and line intensities, the initial
compounds and intermediate alloys were
compared. The results of radiographs of alloys
containing 30, 50 and 70 mol % Nd,Se; are
shown in Fig. 1. As can be seen from Fig. 1, the
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diffraction patterns of the alloys of the
NdAs,Ses-Nd,Se; system consist of a mixture
of diffraction lines of the initial components.

This indicates that the alloys of the system are
two-phased.
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Fig. 2. Phase diagram of the NdAs,Ses-Nd,Se; system.

Thus, the X-ray analysis confirms the results of
the DTA analysis and microstructure.
Proceeding from the results of physicochemical
analysis methods, the phase diagram of the

NdAs,Ses-Nd,Se;  system  was  constructed
(Fig.2). The NdAs,Ses compound melts
incongruently; therefore, above 675°C it

decomposes by the reaction: NdAs,Se; <L +
NdSe. The liquidus system consists of primary
crystallization curves of the NdSe and Nd,Se;
compounds in the concentration range 0-30 mol
% Nd,Ses from the liquid stand primary crystals
NdSe. In the range of 0-15 mol % Nd,Se;
during the secondary crystallization, three-phase
regions are formed: (L+NdSe+NdAs,Se;). The
starting crystals of the Nd,Se; compound from
the liquid are separated in the range of 30-100
mol. % Nd,Se;. Another three-phase region

(M+NdSe+Nd,Se3) was found in the range of
15-100 mol % Nd,Ses. In the system below, the
solidus line, two-phase alloys
(NdAs,Se,+Nd,Se3) crystallize. The NdAs,Se;s-
Nd,Se; system intersects the mono-variant
double eutectic lines at 900°C and the
composition of 30 mol % Nd,Ses. The system
undergoes peritectic transformation by the
reaction: L+NdSe«> NdAs,Se,. Some physical-
chemical properties of alloys of the NdAs,Se,-
Nd,Se; system are listed in Table. 1. From
Table 1 it can be seen that two microhardness
values are detected in the system. Of these, the
first corresponds to the microhardness of
NdAs,Se, (1860-1870) MPa, and the value
(2300-2340) MPa corresponds to the
microhardness of Nd,Ses.

Table 1. Composition, results of DTA, measurements of microhardness and density determination

of alloys of the NdAs,Se,-Nd,Se; system.

Content, mol %

Thermal effects,
°C

NdASzSE4 NszEg

Density,
g/sm®

Microhardness, MPa

NdAs,Se, Nd,Ses
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P=0.15H P=0.20 H
100 0,0 675, 1200 5,75 1860 -
95 5,0 510,650, 1190 5,80 1870 -
90 10 510,625, 1150 5,86 1870 -
85 15 510,1100 5,92 1860
80 20 510,720,1060 5,97 1860 -
70 30 510, 900 6,02 1860 -
60 40 510,900,1070 6,12 1860 -
50 50 510,900,1210 6,26 - -
40 60 510,900 6,30 - 2340
30 70 510,900 6,45 - 2340
20 80 510,900 6,55 - 2340
10 90 510,900 6,60 - 2340
5,0 95 510,900 6,64 - 2330
0,0 100 1700 6,69 - 2300
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Fiziki-kimyavi analiz (DTA, MQA, RFA, eloca da mikrobarkliyin va sixligin tayini) metodlart
vasitasilo NdAs,Ses-Nd,Ses sisteminda faza tarazhigi tadqiq edilmis vo onun T-x faza diagrami
qurulmugsdur. Miioyyan edilmigdir ki, NdAs,Ses,-Nd,Ses sistemi Nd-As-Se ii¢lii sisteminin gisman
qgeyri-kvazibinar Kkasiyidir. Solidus temperaturundan yuxarida (675°C) NdAs,Ses-Nd,Ses sistemi
geyri-kvazibinar, asagida isa stabil Kasik kimi éziinii gostorir. NdAs,Ses-Nd,Ses sisteminin ilkin
komponentlari asasinda hallolma sahasi praktiki olaraq tayin edilmamisdir.

Acar sézlar: sistem, geyri-kvazibinar, bark mahlul, sinqoniya, mikrobarklik, sixlig

DA30BBIE PABHOBECHA B CUCTEME NdAs,Ses-Nd,Ses
A.T. Xyduesal, T.M. Hﬂb}lCﬂbll, Hu.n. Aﬂueez, C.A. Mexmuesa®

YBakunckuii 2ocyoapcmesentviii yrusepcumem
AZ 1148 Baxky, yn. 3. Xanunosa, 23, e-mail:aynur.khudiyeva@yahoo.com
2HHcmumym Kamanusa u Heopeanuyeckou xumuu um. akad. M.Hazuesa
Hayuonanvuoti AH Asepbatioxcana
AZ 1143 Baxy, np.I" Jncasuoa, 113; e-mail: aliyevimir@rambler.ru

Memoodamu ¢usuxo-xumuuecxoeo ananuza ([[TA, POA, MCA a maxoice onpedeneHuem niomHoCmu
U uMepeHueM MUKpOmMeepoOOCmu) ucciedo8ano Gazoeoe pasnogecue u nocmpoeHa 1-x
ouazpamma cucmemovr NAAS,Ses-NdoSes. Vemanosneno, umo paspes NdAs,Seq-NdySes. siensemes
HEeKBA3UOUHAPHBLIM cedeHuem mpotiHot cucmembl Nd-AS-Se. Buvlue memnepamypul coaudyca
(675°C)  cucmema NdAs,Ses-NdySes sensemcs HeK8A3UOUHAPHOU, a Hudce JIUHUU Cconudyca
cucmema cmabunvra. B cucmeme NdAs;Ses-NdySes na ocrnose ucxoonvix komnonenmos meepovie
pacmeopuvl NPAKMU4ecKu He 0OHAPYIHCEHDL.

Knroueevle cnoea: cucmema, HeK8a3UOUHAPHDIL, MBEPObLLL PACMEOP, CUHCOHUU, MUKPOMBEPOOCMb,
NAOMHOCHIb.
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