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Chemical interaction in the Bi2Ses- Nd2Ses system was studied by methods of physicochemical analysis
(differential thermal analysis, X-ray phase analysis, microstructural analysis, microhardness measurement and
density determination).

Based on the analysis results, a phase diagram of the Bi2Ses- Nd2Ses system was constructed.

It has been established that the Bi2Ses- Nd2Ses section is a quasi-binary section of the Nd-Bi-Te ternary system
and belongs to the eutectic type.

In the system, a solid solution area of 8 mol % Nd2Ses is formed at room temperature based on Bi2Ses.The
solid solution area was determined by microstructural analysis, to be 13 mol % at the eutectic temperature 813K
and 8 mol % ndaz2ses at room temperature.

From the phase diagrams it is evident that in the Bi2Ses- Nd2Ses section a new ternary incongruent-melting
compound of the composition NdBiSes is formed by a peritectic reaction at a temperature of 995K with a component
ratio of 1:1.

According to the results of X-ray phase analysis, it was established that the NdBiSes compound
crystallizes in the rhombic syngony with the lattice parameters:
a=13,79; b=14,32; c=6,12 A, Z=8, density pycnometric =6,42g/cm3, X-ray density g/cm®.
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INTRODUCTION

The efficiency of the production of new technology devices is inextricably linked with
the development of semiconductor materials science [1-3]. At present, to meet the demand
for semiconductor electronics, radio electronics and automation using known elementary or
binary semiconductors does not always satisfy the requirements of technology, therefore, an
intensive search for complex materials with a favorable combination of properties is given [4-
6]. The study of a complex of electrophysical properties that make it possible to reveal the
existence of various new phases in semiconductor systems, to determine the methods and
conditions for synthesis, as well as the growth of perfect single crystals and their introduction
into various sectors of the national economy, is of great importance [7-9]

Therefore, the study of chemical interaction in the Ln-Bi-Te (Ln-La, Ce, Sm, Tm, Er,
Ho) system is of interest in connection with the use of rare earth elements in switching
thermoelements based on Bi>Tes [10-14].

EXPERIMENTAL

The following starting materials were used in the synthesis of BiSes- Nd>Se; alloys: Bi
grade B-4, neodymium with a purity of 99-99.9%, Te grade Te-A2. The alloys were
synthesized by direct alloying of the Bi»Ses and Nd»;Ses; components using the ampoule
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method in the temperature range of 900-1150 °C, followed by slow cooling with the furnace
switched off. In order to achieve an equilibrium state, the samples were annealed at 500 °C
for 140 hours.

To study the Bi»Ses- Nd,Ses system, 20 samples were prepared, the compositions of
which are shown in Table 1.
Samples of the system were synthesized from Bi,Ses and Nd>Ses ligatures in graphitized
quartz vials, evacuated to a pressure of 10-3 Pa. The vial was shaken regularly to ensure
complete interaction. After synthesis, the alloys were annealed at 900 K for two weeks to
homogenize them.

After heat treatment, it was determined that samples with a content of up to 65 mol %
Nd.Se; had a compact metallic luster, while the rest were porous.
All alloys were tested for their resistance to various reagents. It was determined that the alloys
were resistant to air, water, and organic solvents, but were decomposed by mineral acids and
alkalis.

The investigation of this system was carried out by the methods of physical and

chemical analysis: differential thermal (DTA), X-ray phase (RFA), microstructural (MSA), as
well as determination of density and measurement of microhardness.
Differential thermal analysis 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.O; 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
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 HNO3 + 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 DISCUSSIONS

Based on the results of differential thermal analysis, the heating effects obtained in the
thermograms are endothermic and reversible.

Thermograms of refractory samples were taken in a high-temperature pyrometer in graphite
crucibles weighing 0.1 g in an argon atmosphere, under vacuum conditions, using a W-W/Re
thermocouple. The amount of selenium was taken in excess to maintain the stoichiometric
composition. The thermograms of the alloys show that the observed heating effects are
endothermic and reversible. The results of differential thermal analysis are given in Table 1.
The diffractograms obtained as a result of X-ray phase analysis of the alloys were compared.
It was found that the reflections obtained in the diffractogram of samples containing 7 mol%
Nd.Ses correspond to the reflections of the Bi.Ses compound. This indicates that an 8 mol%
solubility zone is formed in the system based on Bi.Ses at room temperature. All reflections in
the diffractogram of the sample containing 2 mol% Bi»Ses correspond to the reflections of
Nszeg.

In the compound , Bi:Ses the coordination number of the Bi** ion is 6 and the radius
(Bi**)=1.030, whereas in Nd,Sejs, the coordination number of Nd** is also 6.

Table 1. Results of DTA and microhardness of alloys of the Bi.Ses-Nd»Se; system

ng(Q)OS'tlon’ Thermal heating | Microhardness, MPa
Ne  IBi,Ses | NdsSe; | orects: K BizSes NdBiSes NdzSes
1 100 0 980 850 - -
2 99 1 875,980 860 - -
3 98 2 860,970 910 - -
4 97 3 835,975 960 - -
5 95 5 815,835 980 - -
6 93 7 825,845 970 - -
7 90 10 815,840 980 - -
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8 85 15 815,825 not ] ]
measured
9 80 20 815,820 eutectic eutectic -
10 75 25 815,875 - - -
11 70 30 815,975 - - -
12 60 40 815,995,1100 - not measured -
13 55 45 815,995,1200 - 1250 -
14 50 50 995,1215 - 1250 -
15 45 55 995,1310 - 1250 -
16 40 60 995,1485 - 1240 -
17 30 70 995,1615 - not measured 2360
18 20 80 995 - - -
19 10 90 995 - - -
20 0 100 2010 - - 2360

(Nd®*), and the ionic radius is 0.995A. The closeness of the ionic radii of the cations
indicates that a substitutional solid solution is formed as a result of the replacement of Bi atoms
with Nd atoms in the Bi,Se; compound.

The reflections observed in the diffractogram of the sample corresponding to the 50
mol % Nd>Ses content in the system are completely different from the reflections of Bi.Sez and
Nd»Ses; and are new, and a melting compound containing NdBiSe3; is formed in the system
with a 1:1 ratio of components.

MQA of polished and surface-polished alloys showed that samples with 0-8; 50 and 98-100
mol % Nd2Ses contents were single phase, while the remaining alloys were two-phase. MQA
results (Fig. 1) confirm the results of XRF.

Fig.1. Microstructure of some alloys from the Bi>Ses-Nd>Ses system. a-6 mol % Nd.Ses; b-20
mol % Nd.Ses; c-50 mol % Nd2Ses; d-60 mol %

As a result of measuring the microhardness of the alloys, three groups of different
values were obtained. 850-980 MPa corresponds to solid solutions based on Bi,Ses, 1250
MPa to a phase containing NdBiSes, and 2360-2380 MPa to a solid solution based on Nd.>Ses.
Based on the results of differential thermal analysis, X-ray phase analysis, and microstructural
analysis, a phase diagram of the Bi,Ses-Nd,Ses system was constructed (Figure 2).
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Fig. 2. State diagram of the Bi»Ses - Nd>Ses system

As can be seen from the figure, the phase diagram of the system is quasi-binary. This is
explained by the fact that although three components are involved in the interaction in the
system, only two-phase alloys crystallize below the solidus. In the system, a compound
containing NdBiSesis formed at 995 K by a peritectic reaction of the components in a 1:1 ratio.

P = M+B- (Nd>Ses)« NdBiSes (S) (995 K)
The NdBiSes compound co-crystallizes with solid solution components formed by the starting
components below the solidus in the system.
In the system, a solid solution area of 8 mol % Nd.Ses is formed at room temperature based
on BixSes. To determine the boundary of the solid solution area, small percentage samples
based on Bi»Se; were synthesized and thermally treated at 400,600,700,800 K for 200 hours,
respectively, and quenched in ice water. The solid solution area was determined by
microstructural analysis, to be 13 mol % at the eutectic temperature and 8 mol % Nd,Ses at
room temperature.
In the system based on Nd2Ses, a ~2 mol % Bi>Ses solid solution region is formed at 300 K. In
the Bi>Ses - Nd2Ses system, a eutectic containing 20 mol % Nd»Ses crystallizes at 815 K. The
location of the eutectic was determined by constructing a Tamman triangle.
At the eutectic point of the system, the following nonvariant equilibrium process occurs:

M <a (Bi2Ses )+NdBiSes(S) (815 K)

The liquidus of the system consists of the initial crystallization region of the three
components. The following monovariant equilibrium processes occur in the initial
crystallization curves: M«<a; M« S and M.

The solidus of the system consists of four domains: a single-phase domain based on Bi>Ses
and Nd>Ses, a and B phases, and a two-phase domain of a+S and S+§.

Thus, it was determined that the system is a quasi-binary cross-section of the Nd-Bi-
Se ternary system and is of eutectic type. In the system, an incongruent compound with a
NdBiSes; content of 50 mol % Nd>Ses is formed, a solid solution region of 8 mol % Nd.Ses on
the Bi,Ses basis at room temperature, and ~2 mol % Bi>Ses; on the Nd,Ses basis.

The compound containing NdBiSe; formed in the BixSes- Nd;Ses system was again
obtained from BiCls, NdCIl; compounds by indirect synthesis method, and after thermal
treatment, the crystallographic properties of the compound were studied by the powder
method of X-ray diffraction. The interplanar spacing (d), hkl and line intensity (l) of the
compound are given in Table 2.
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Table 2. X-ray phase analysis results of the NdBiSes; compound
| dtec., A dhes.., A 1/d2tec. 1/d2, hes. hkl
16.3 4,7700 4.7700 0,0439 0,0439 300
16.8 4,6204 4.6204 0,0473 0,0473 030
2.4 4,2094 4,3602 0,0564 0,0526 211
20.5 3,7020 3,6707 0,0730 0,0740 301
11.9 3,5792 3,5806 0,0781 0,0780 040
100. 3,0603 3,0603 0,1068 0,1068 002
21.9 2,9182 2,9111 0,1174 0,1180 112
8.2 2,8016 2,8060 0,1276 0,1270 150
32.2 2,3959 2,3870 0,1742 0,1755 060
24.9 2,3166 2,3166 0,1863 0,1848 042
34.8 2,2427 2,3262 0,1988 0,1965 260
18.4 2,0920 2,0911 0,2285 0,2287 052
8.0 2,0671 2,0606 0,2340 0,2355 621
17.4 1,9060 1,9035 0,2753 0,2760 352
1.7 1,8528 1,8490 0,2913 0,2925 313
4.8 1,8025 1,8045 0,3078 0,3071 323
4.5 1,7283 1,7239 0,3348 0,3365 800
5.5 1,6609 1,6593 0,3625 0,3632 801
6.5 1,5413 1,5399 0,4209 0,4217 091

It was determined that the NdBiSe3 compound crystallizes in the rhombic system, the lattice
parametersare a=13.79; b =14.32;¢c=6.12 A 7 =8, the pycnometric density is 6.42 g/cm3,

and the X-ray density is 6.48 g/cm3.

CONCLUSION

As a result of physical and chemical methods of research on the ternary system Nd-

Bi-Te, a diagram of the state of the bisecting system Bi>.Ses-Nd>Ses; was created. It is
established that the section Bi-Ses-Nd»Ses is a quasi-binary section of the ternary system Nd-

Bi-Te and belongs to the eutectic type.

A new ternary compound of composition NdBiSe3 was discovered in the system. The
compound NdBiSe3 can be used as a promising thermoelectric material in the manufacture

of thermoelectric energy converters.
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