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Abstract 

Using physicochemical methods of analysis (DTA, MSA, X-ray diffraction, as well as determination of mi-

crohardness and density), the phase equilibrium in the As2Se3-TlPr2Se4 system was studied and its T-x phase dia-

gram was constructed. As a result, it was found that the As2Se3-TlPr2Se4 system is quasi-binary and belongs to the 

eutectic type. The eutectic formed between the As2Se3 and TlPr2Se4 compounds has a composition of 10 mol. % 

TlPr2Se4 and a temperature of 270oC. It was found that the solubility of the system is 2 mol. % TlPr2Se based on 

the As2Se3 compound and 3.5 mol. % As2Se3 based on the TlPr2Se4 compound at room temperature. The glassy 

field of 15 mol. % TlPr2Se4 was determined based on As2Se3 upon slow cooling in the system. The temperature 

dependence of electrical conductivity of 5, 10 and 15 mol. % TlPr2Se4 glass alloys based on As2Se3 was studied. 
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Introduction 

Arsenic compounds, As2S3 (As2Se3), are classical 

glassy semiconductors. Arsenic chalcogenides and 

their ternary and more complex phases are materials 

with photovoltaic [1-6], luminescent [7,8] properties 

and are widely used in IR optics [9,10], color television 

[11,12] and memory centers [13-15]. Recently, glassy 

semiconductor fibers based on chalcogenides As2S3 

(As2Se3) [16-20] have been widely studied. 

The TlPr2Se4 compound was obtained as a result 

of a chemical reaction between the TlSe and Pr2Se3 

compounds. The TlSe compound and the phases ob-

tained on its basis are materials with photovoltaic prop-

erties [3,21-24]. Ternary phases based on the com-

pound Pr2Se3 are semiconductor materials with thermo-

electric [25] and magnetic [26] properties. A large 

number of systems consisting of arsenic chalcogenides 

have been studied in the literature [27–32]. 

The aim of this work is to construct a T-x phase 

diagram by studying the phase equilibrium and glass 

formation in the As2Se3-TlPr2Se4 system, as well as to 

study the electrical conductivity properties of the ob-

tained phases. 

The data for the As2Se3 and TlPr2Se4 compounds 

are as follows: The As2Se3 compound melts congru-

ently at 380oC and crystallizes in the monoclinic syn-

gony, the lattice parameters are: a = 12.053; b = 9.890; 

c = 4.277 Å, β = 90o28/, space group P21/n [33]. The 

microhardness and density of the As2Se3 compound in 

the glassy state are: ρ = 4.618 g/cm3 and Hμ = 1280-

1400 MPa, respectively [33]. The TlPr2Se4 compound 

melts at 1290oC and crystallizes in the rhombic syn-

gony, lattice parameters: a = 7.98; b = 9.88; c = 11.19 

Å, density ρ = 7.42 g/cm3, microhardness Hμ = 2150 

MPa [34]. 

Experimental part 

Alloys of the As2Se3-TlPr2Se4 system were syn-

thesized from the components As2Se3 and TlPr2Se4 in a 

quartz ampoule with air evacuation to a pressure of 

0.133 MPa. They were synthesized in the temperature 

range of 800-1200oC. To achieve equilibrium, the al-

loys were heat treated at a temperature of 270°C for 500 

hours. 

Crystallized alloys were studied using the methods 

of physicochemical analysis DTA, X-ray phase analy-

sis, MSA, as well as determination of microhardness 

and density. 

Differential-thermal analysis of the alloys was car-

ried out on an NTR-73 pyrometer using a chromel-alu-

minum thermocouple with a heating rate of 9°C/min. 

X-ray phase analysis was carried out on an X-ray dif-

fractometer D2 PHASER. Microstructural analysis was 

carried out on a metallographic microscope MIM-8. 

Microhardness was measured using a PMT-3 device. 

The density of the alloys of the system was determined 

by pucnometric weighing, toluene was used as the 

working fluid. Physical measurements were carried out 

using the compensation method [35]. 

Results and discussion 

Alloys of the As2Se3-TlPr2Se4 system in the range 

of 0-20 mol. % TlPr2Se4 are glassy and represent shiny 

black substances. The remaining alloys are gray-black 

substances. Alloys rich in the As2Se3 compound are re-

sistant to water, air and organic solvents. They dissolve 

well in hot acid HNO3 and alkalis (NaOH, KOH). Al-

loys rich in the TlPr2Se4 compound dissolve well in 

strong acids (HNO3, H2SO4). 

Alloys of the As2Se3-TlPr2Se4 system were studied 

in glass and crystalline form using physicochemical 

methods of analysis. Thermal analysis of alloys 0-30 

mol. % TlPr2Se4 before heat treatment showed that the 

softening temperature Tg is observed on the thermo-

grams of the alloys. Alloys in the range of 0–15 mol.% 

TlPr2Se4 are glassy, and alloys in the range of 15–30 

mol.% TlPr2Se4 are glassy-crystalline. The remaining 

alloys are in the crystalline state. 

After crystallization of the alloys of the system for 

700 hours at 190°C, the softening temperature disap-

pears from their thermograms, and instead, temperature 
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effects corresponding to the solidus and liquidus are ob-

served. The temperature effects observed in the thermo-

grams of glassy alloys are irreversible.

 

 
Fig. 1. Diffraction patterns of alloys of the As2Se3-TlPr2Se4 system from the glassy region. 

1- As2Se3, 2-5 mol %, 3-10 mol %, 4-15 mol % TlPr2Se4. 

 

Fig. 2. Diffraction patterns of crystalline alloys of the As2Se3-TlPr2Se4 system. 

1- As2Se3, 2-5 mol %, 3-10 mol %, 4-15 mol % TlPr2Se4. 

 

Microstructural analysis (MSA) of glassy alloys of 

the As2Se3-TlPr2Se4 system shows that the phases that 

make up the glassy alloys are opaque and look like a 

single phase, which makes it difficult to detect the 

phase boundary and solid solution. After crystallization 

of the samples, the phase boundaries inside them be-

come clear. To confirm the results of differential-ther-

mal and microstructural analysis, X-ray phase analysis 

of samples from different regions of the system was 

carried out in both the glassy and crystalline states. 

 

As a result of the X-ray phase analysis, it was es-

tablished that no diffraction maxima were found on the 

diffractograms of glassy samples (Fig. 1). After a long 

thermal treatment, diffraction maxima are observed on 

the diffractograms of the samples (Fig. 2). This indi-

cates that the vitreous alloys of the system are com-

pletely crystallized after heat treatment. 

If we consider the crystalline and glassy state of 

the system As2Se3-TlPr2Se4 with As2Se3, 5, 10 and 15 

mol. % TlPr2Se4, then you can see that noticeable 

changes in the diffractograms of samples As2Se3 and 5 

 

 

          10                     20                     30                      40                     50                   60                 

                                                                     2 θ   

 200 
 400 
 600 
 800 

 1000 
 I, % 

 2 

 1 

 

 4 

 

 3 

  I, % 

  2 

  1 

  3 

  4 

          10               20               30               40                50               60                70 

                                                         2 θ   



18 Norwegian Journal of development of the International Science No 153/2025 

 

mol. % TlPr2Se4 is not observed. However, on the dif-

fractograms of samples 10 and 15 mol. % TlPr2Se4 ad-

ditional small diffraction lines are observed. 

Thus, the results of DTA and microstructural anal-

ysis were confirmed by the X-ray phase analysis 

method. 

Based on the results of complex physicochemical 

analysis methods, the T-x phase diagram of the As2Se3-

TlPr2Se4 system was constructed (Fig. 3). The As2Se3-

TlPr2Se4 system is quasi-binary and eutectic. The eu-

tectic formed in the system has a composition of 10 

mol. % TlPr2Se4 and a temperature of 270oC. In the sys-

tem at room temperature, solid solutions based on the 

As2Se3 compound reach up to 2 mol. % TlPr2Se4, and 

based on TlPr2Se4 - up to 3.5 mol. % As2Se3. The glass 

formation region based on As2Se3 during slow cooling 

extends to 15 mol. % TlPr2Se4 in the As2Se3-TlPr2Se4 

system. 

 
 

Fig. 3. T-x phase diagram of the As2Se3-TlPr2Se4 system. 

 

The microhardness and density of the As2Se3-

TlPr2Se4 system alloys were also studied in the glassy 

and crystalline states and are given in Tables 1 and 2. 

Thermal effects, density and microhardness of the al-

loys in the glassy state are given in Table 1. 

When measuring the microhardness of the alloys, 

two different microhardness values were obtained. One 

of them corresponds to the microhardness of the α-solid 

solution obtained on the basis of the As2Se3 compound, 

and the other - to the β-solid solution obtained on the 

basis of TlPr2Se4. 

 

Table 1.  

Composition, results of DTA, density and microhardness measurements of alloys of the As2Se3 - TlPr2Se4 

system (in glassy form) 

Composition, mol % Thermal effects, 
oC 

Density, 

q/cm3 

Microhardness, MPa 

As2Se3 TlPr2Se4   

P=0.15 N 

100 0,0 180.380 4,62 1380 – 

97 3,0 180,260,375 4,65 1390  

95 5,0 180,270.360 4,72 1390 – 

90 10 185,270 4,90 1400 – 

85 15 185,270,400 5,04 1400  

80 20 190,270,530 5,17 1400 – 

70 30 190,270,730 5,45 1400 – 

60 40 270,825 5,74 -  2180 

50 50 270,1010 6,02 -  2180 

40 60 270,1125 6,30 – 2180 

30 70 270,1220 6,58 – 2180 

20 80 270  6,86 – 2180 

10 90 270 7,30 – 2180 

5.0 95 910 7,45 – 2170 

0.0 100 1290 7,42 – 2150 
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Table 2.  

Composition, results of DTA, density and microhardness measurements of alloys of the As2Se3 - TlPr2Se4 

system (in crystal form) 

Composition, mol % Thermal ef-

fects, oC 

Density, q/cm3 Microhardness, MPa 

As2Se3 TlPr2Se4   

P=0.10 N P=0.20 N 

100 0,0 380 5,10 860 – 

97 3,0 260,375 5,18 900  

95 5,0 320.360 5,25 900 – 

90 10 270 5,33 Eutec.  Eutec. 

85 15 270,400 5,44 – – 

80 20 270,530 5,56 – – 

70 30 270,730 5,80 – 2180 

60 40 270,825 6,03 –  2180 

50 50 270,1010 6,26 –  2180 

40 60 270,1125 6,49 – 2180 

30 70 270,1220 6,72 – 2180 

20 80 270  6,96 – 2180 

10 90 270 7,19 – 2180 

5.0 95 910 7.48 – 2170 

0.0 100 1290 7,42 – 2150 

The microhardness of the glass of the α-solid so-

lution obtained on the basis of As2Se3 varies in the 

range of (1380-1400) MPa. The microhardness of the 

β-solid solution based on TlPr2Se4 is (2150 - 2180) 

MPa. After crystallization of the samples, the micro-

hardness of the α-solid solution alloys obtained on the 

basis of As2Se3 was (860-900) MPa. Since the β-solid 

solution alloys based on TlPr2Se4 are in the crystalline 

state, the microhardness of the alloys remained un-

changed (2150 - 2180) MPa. The temperature depend-

ence of the electrical conductivity of glasses of the 

As2Se3-TlPr2Se4, As2Se3, 5, 10 and 15 mol. % TlPr2Se4 

system was studied (Fig. 4). Samples of the specified 

composition were cooled equally slowly. 

 

 
Fig. 4. Diffraction patterns of crystalline alloys of the As2Se3-TlPr2Se4 system. 

1- As2Se3, 2-5 mol. %, 3-10 mol. %, 4-15 mol. % TlPr2Se4. 

 

As can be seen from the temperature dependence 

graph of electrical conductivity, the electrical conduc-

tivity of As2Se3 samples, 5, 10 and 15 mol % TlPr2Se4 

increases linearly depending on temperature and com-

position. Electrical conductivity is achieved by means 

of an electronic mechanism. 

Conclusion 

To study the phase equilibrium in the As2Se3-

TlPr2Se4 system, alloys were synthesized in a wide 

range of concentrations and then subjected to heat treat-

ment at a temperature of 270oC for 700 hours. Then the 

alloys were studied using the methods of physicochem-

ical analysis (DTA, MSA, X-ray diffraction, as well as 

determination of microhardness and density) and the T-

x phase diagram of the As2Se3-TlPr2Se4 system was 

constructed. It was found that the As2Se3-TlPr2Se4 sys-

tem is quasi-binary and belongs to the eutectic type. 

The eutectic formed between the As2Se3 and TlPr2Se4 

compounds has a composition of 10 mol. % TlPr2Se4 
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and a temperature of 270oC. It was found that the solu-

bility of the system is 2 mol. % based on the As2Se3 

compound and 3.5 mol. % based on the TlPr2Se4 com-

pound at room temperature. The glassy field of 15 mol. 

% TlPr2Se4 was determined based on As2Se3 during 

slow cooling in the system. The dependence of the elec-

trical conductivity of the As2Se3-TlPr2Se4 system and 

glass alloys containing As2Se3, 5, 10 and 15 mol. % 

TlPr2Se4 on temperature and composition was studied. 

The indicated glassy alloys are high-resistance semi-

conductors. 
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