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Abstract 

The phase equilibrium in the Cu3As4Te9-CrAsTe3 system was studied by methods of physicochemical anal-

ysis: differential thermal analysis (DTA), X-ray diffraction analysis (XRD), microstructural analysis (MSA), de-

termination of density and microhardness, and a T-x phase diagram of the system was constructed. As a result, it 

was established that the phase diagram of the Cu3As4Te9-CrAsTe3 system is a non-quasi-binary section of the 

quasi-ternary Cr2Te3-As2Te3-CuTe system. In the system at room temperature, solid solutions based on the 

Cu3As4Te9 compound extends to 5 mol % CrAsTe3. The peritectic compound CrAsTe3 decomposes as follows: 

CrAsTe↔M+Cr2Te3. 
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The components of the Cu3As4Te9-CrAsTe3 sys-

tem consist of As2Te3, Cr2Te3 and CuTe compounds. 

Now let's look at each component. The As2Te3 com-

pound and solid solutions based on it are thermoelectric 

and photosensitive materials [1-5]. A number of ternary 

and quaternary systems involving the As2Te3 com-

pound have been studied [6-10]. Alloys based on chro-

mium chalcogenides are magnetic materials. Ternary 

chromium and copper chalcogenides are being studied 

as materials with ferromagnetic properties [11-14]. Su-

perionic semiconductors based on copper chalcogeni-

des are energy generators, and at the same time, elec-

trochemical sensors, recorders and selective ion elec-

trodes are widely used in optical ion devices as a source 

of chemical electricity based on them [15-19]. From 

this point of view, obtaining composite phases of com-

plex composition by studying the phase equilibrium of 

Cu3As4Te9-CrAsTe3 is of scientific and practical im-

portance. 

The purpose of the work is a physicochemical 

study of phase equilibrium in the Cu3As4Te9-CrAsTe3 

system and its alloys. 

Experimental part 

Before the synthesis of alloys of the Cu3As4Te9-

CrAsTe3 system, the Cu3As4Te9 compound was synthe-

sized from CuTe and As2Te3 compounds. The CrAsTe3 

compound is synthesized from high purity elements. 

Since the CrAsTe3 compound is peritectic in nature, it 

was heat treated for 240 hours below the peritectic tem-

perature to homogenize after synthesis. Equilibrium al-

loys were studied using methods (DTA, XRF, MSA, as 

well as microhardness and density assessment) of phys-

icochemical analysis. 

Differential thermal analysis (DTA) of the alloys 

was carried out on a TERMOSCAN-2 pyrometer. 

Chromel-alumel was used as a thermocouple; heating 

rate was 5oC/min. 

X-ray phase analysis (XPA) was carried out on a 

D2 PHASER X-ray diffractometer. In this case, CuKα 

radiation and a Ni filter were used. The microstructure 

of the samples was analyzed using a MIM-8 micro-

scope. In well-polished samples, a chromium solution 

was used as a mordant to separate the phases. The mi-

crohardness of the alloys was measured using a PMT-3 

metallographic microscope. The density of the samples 

was determined by the pycnometric method; Toluene 

was used as a working solution. 

Results and its discussion 

After obtaining the complete composition of the 

main components, the alloys of the Cu3As4Te9-

CrAsTe3 system were synthesized by the ampoule 

method from the Cu3As4Te9 and CrAsTe3 components 

in a wide range of concentrations. Rich in Cu3As4Te9, 

they looked like a compact mass and were bright gray 

substances. With an increase in the amount of CrAsTe3 

compound, the alloys acquire a silvery color. 

The alloys of the system are resistant to air, water 

and organic solvents. It dissolves well in strong mineral 

acids (HNO3, H2SO4). After homogenization of the 
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samples was completed, a physical and chemical anal-

ysis of the alloys of the system was carried out. The re-

sults of differential thermal analysis of alloys of the 

Cu3As4Te9-CrAsTe3 system show that up to four endo-

thermic effects are observed in the thermograms of the 

alloys of the system. A large number of thermal effects 

in the system indicates a multiphase, complex interac-

tion of components. 

After heat treatment, the microstructure of the al-

loys of the system was analyzed and it was found that 

the system contains single-phase, two- and three-phase 

regions. The solid solution region in the system was de-

termined based on the Cu3As4Te9 compound. 

To confirm the results of DTA and microstructural 

analysis used in constructing the state diagram of the 

Cu3As4Te9-CrAsTe3 system, X-ray phase analysis of 

alloys from different parts of the system was carried out 

(Fig. 1). 

As a result of X-ray phase analysis of alloys with 

compositions of 30 and 80 mol. % CrAsTe3 it was es-

tablished that in the diffraction patterns of these alloys 

of the system, in addition to the diffraction lines of the 

main components, there are diffraction lines of other 

phases. Based on the results, we can say that there are 

three phases in the system. 

 
Fig. 1. Diffraction patterns of alloys of the Cu3As4Te9-CrAsTe3 system. 

 1- Cu3As4Te9, 2-30 mol %, 3-80 mol %, 4-100 mol % CrAsTe3. 
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Fig.2. Phase diagram of the Cu3As4Te9-CrAsTе3 system/ 

 

The phase diagram of the Cu3As4Te9-CrAsTе3 

system was constructed based on the results of the in-

dicated methods of physicochemical analysis (Fig. 2). 

The phase diagram of the Cu3As4Te9-CrAsTе3 system 

is a non-quasi-binary section of the quasi-ternary 

As2Te3-Cr2Te3-CuTe system. The Cu3As4Te9-CrAsTе3 

section, since it passes through the region of independ-

ent triangles As2Te3-CuCr2Te4-Cu3As4Te9 and As2Te3-

CuCr2Te4-CrAsTe3, therefore the section is nonquasi-

binary. At the liquidus intersection point it is in the 

range of 0–55 mol. % CrAsTe3 is surrounded by mon-

ovariant liquidus curves of an α-solid solution based on 

Cu3As4Te9 and the CuCr2Te4 and As2Te3 phases. The 

liquidus cross section of the α phase and the CuCr2Te4 

compound is 20 mol. % CrAsTe3, temperature 260°C. 

At this moment, a three-phase equilibrium L↔ α+ 

CuCr2Te4 is formed. When the temperature reaches 

220°C, a ternary eutectic and a four-phase equilibrium 

L↔ α+CuCr2Te4+As2Te3 are formed. In the concentra-

tion range in the system 55-100 mol % CrAsTe3 is lim-

ited by the monovariant equilibrium curves of the 

CuCr2Te4 and Cr2Te3 phases. The liquidus intersection 

of the CuCr2Te4 and Cr2Te3 phases is 20 mol %, tem-

perature 325°C. At this moment, there is a three-phase 

equilibrium L↔CuCr2Te4+Cr2Te3. Four-phase equilib-

rium occurs at the triple point of peritectic 

L+Cr2Te3↔As2Te3+CrAsTe3. Contents 25 mol %, tem-

perature 250°C. 

Table 1. 

Composition, DTA, density and microhardness of alloys of the 

Cu3As4Te9-CrAsTe3 system depending on the composition 
Composition, mol % 

Thermal effects, 
oC 

Density, 
q/sm3 

Microhardness, MPa 

Cu3As4Te9 CrAsTe 
α As2Te3 CuCr2Te4 CrAsTe3 

P=0,15 N P=0,10 N 
100 0,0 320 6,96 1960  - - 
95 5,0 250,320 6,98 1980 - - - 
90 10 225, 295 6,90 1990 - - - 
80 20 220,265 6,88 1990 1650 1850 - 
70 30 220,245,400 6,84 1990 1650  1860 - 
60 40 220,515 6,80 1990 1650 1870 - 
50 50 220,280,635  6,76 -  1650  1870 - 
45 55 220,290,650  6,74 -  1650  1870  
40 60 250,285,640 6,70 - -  1870 - 
30 70 250,555 6,69 - -  1880 - 
20 80 250,430 6,67 - - - - 
15 85 250,440 6,65 - - - 880 
10 90 250,290,450 6,62 - - - 880 
5,0 95 250,360,475 6,59 - - - 870 
0,0 100 375,485 6,57 - - - 850 
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Three-phase alloys, consisting of single-phase α, 

two-phase α+CuCr2Te4 and three-phase 

α+CuCr2Te4+As2Te3, crystallize below the solidus line 

in the range of 0–55 mol % CrAsTe3. Below the solidus 

line in the range of 55–100 mol % CrAsTe3 three-phase 

alloys As2Te3+CuCr2Te4+CrAsTe3 are present. The re-

sults of measuring the microhardness of alloys of the 

Cu3As4Te9-CrAsTe3 system are given in Table 1. As 

can be seen from the table, four microhardness values 

were obtained. The microhardness value (1960-1990) 

MPa corresponds to the microhardness of the α-solid 

solution formed on the basis of Cu3As4Te9, the micro-

hardness value of 1650 MPa corresponds to As2Te3, the 

value of 1850 MPa corresponds to CuAs2Te4, and the 

value (850 -880) MPa corresponds to the microhard-

ness of the CrAsTe3 compound. 

Conclusion 

Thus, the chemical interaction in the Cu3As4Te9-

CrAsTe3 system was studied and its phase diagram was 

constructed. It has been established that the phase dia-

gram of the system is nonquasibinary. The Cu3As4Te9-

CrAsTe3 cross section passes through the region of in-

dependent triangles As2Te3-CuCr2Te4-Cu3As4Te9 and 

As2Te3-CuCr2Te4-CrAsTe3, so the system is nonquasi-

binary. Liquidus of the Cu3As4Te9-CrAsTe3 system in 

the concentration range of 0-55 mol % CrAsTe3 con-

sists of monovariant equilibrium curves of an α-solid 

solution based on the Cu3As4Te9 compound, CuCr2Te4 

and As2Te3 phases. The joint intersection of the liqui-

dus of the α-phase and the CuCr2Te4 compound is 20 

mol % CrAsTe3, temperature 260°С and is accompa-

nied by a three-phase equilibrium reaction 

L↔α+CuCr2Te4. A ternary eutectic is formed in the 

system and a four-phase equilibrium 

L↔α+CuCr2Te4+As2Te3 is established. The system has 

5 mol. % CrAsTe3 are soluble at room temperature 

based on the Cu3As4Te9 compound. The dependences 

of microhardness and density of alloys of the 

Cu3As4Te9-CrAsTe3 system on composition have been 

studied. 

 

References: 

1. Vaney, Jean-Baptiste; Carreaud, Julie; De-

laizir, Gaelle; et al. High-Temperature Thermoelectric 

Properties of Sn-Doped beta-As2Te3 // Advanced elec-

tronic materials. 2015. V.1 Issue: 1-2. P. 1400008. 

2. GlobusT.R., Gaskill D.K.; Groshens, T. Opti-

cal characterization of As2Te3 films for optical intercon-

nects // MATERIALS RESEARCH SOCIETY 

SYMPOSIUM PROCEEDINGS. 1998. V. 486. P. 391-

396. 

3. Thomsen C., Strait J., Vardeny Z. et al. Pico-

second optical-generation and detection  of phonon 

waves in α-As2Te3 // AIP CONFERENCE 

PROCEEDINGS 1984. Issue: 120 P. 102-109. 

4. CHIU, DM. Photothermopower of α-As2Te3 

sputtered films // JOURNAL OF PHYSICS D-

APPLIED PHYSICS.  1983. V. 16. Issue: 4. P. 181-

183. 

5. Uemura O., Sugawara Y., Kameda Y., 

Nishimiya Y., Electronic-properties of the liquid in 

As2Te3 SYSTEM // Journal of Non-crystalline solids. 

1993 V. 156. P. 744-747. DOI: 10.1016/0022-

3093(93)90060-B 

6. Aliyev I.I., Ahmedova C.A. The nature of in-

teraction in the As2Te3-TlSe system // Collection of ma-

terials of the International conference with school and 

master classes for young scientists “Chemical technol-

ogy of functional nanomaterials” of D.I. Mendeleev 

Russian Chemical Technology University November 

30 – December 1, 2017. P.15. 

7. Aliyev I.I. Ahmedova C.A., Shafagatova G.G. 

PHASE EQUILIBRIA IN THE As2Te3-In2Te3 

SYSTEM // International Journal of Applied and Fun-

damental Research (Moscow “Academy of Natural Sci-

ences”). 2018. No. 12. part 1. P. 31-35. 

8. Ahmedova C.A., Aliyev I.I. Physico-chemical 

study of alloys of the As2Te3-In2Se3 system // Euro-

Asian Union of Scientists. 2019. No. 10(67) 2 parts. 

P.52-55. DOI:10.31618/ESU.2413-

9335.2019.2.67.349 

9. Aliyev I.I., Ismailova S. Sh., Guseinova Sh.A., 

Ahmedova C.A. PHASE EQUILIBRIUM IN THE 

As2Te3-Cu2Cr4Te7 SYSTEM // Eurasian Union of Sci-

entists. 2021. 6/67. No. 1. P. 14-17. DOI: 

10.31618/ESU.2413-9335.2021.1.87.1389 

10. Aliyev I.I., Ahmedova С.A. Character of the 

Interaction in the As2Te3-TISe System and Electro-

physical Propertes of the Phases Obtained // Int. J. Pure 

Appl. Sci. 8(2);302-311 (2022). 

11. Yamashita O., Yamauchi H., Yamaguchi Y. 

et.al. Magnetic Properties of the System CuCr2Se4.xYx 

(Y=C1, Br) // J. Phys. Soc. Jap. 1979; 47(2): 450-454. 

12. Koroleva L.I., Lukina L.N., Busheva E.V., 

Shabunina G.G., Aminov T.G. New magnetic semicon-

ductors CuCr2Se4-xSbx // Izv. Academy of Sciences of 

the USSR. Inorganic materials. 1999. V. 35(12): P. 

1425-1428. 

13. Aminov T.G., Arbuzova T.N., Busheva E.V., 

Shabunina G.G. Study of CuCr2-xSSbxSe4 and Cu1-yS-

byCr2Se4 solid solutions // Izv. Academy of Sciences of 

the USSR. Inorganic materials. 2000. V. 36(2): P. 164-

168. 

14. Nakatani I., Nose H., Masumoto K. Magnetic 

properties of CuCr2Se4 single crystals // 

J.Phys.Chem.Solids.1978; 39(7): 743-749. 

15. Uvarov N. F. Composite solid electrolytes / N. 

F. Uvarov; SB RAS, Institute of Solid State Chemistry 

and Mechanochemistry; Novosib. state univ. -Novosi-

birsk, 2008. 258 p. 

16. Berezin V.M., Vyatkin G.P. Superionic semi-

conductor chalcogenides. Chelyabinsk: Publishing 

house. Yu.Ural State University, 2001. 135 p. 

17. Levin M.N., Semenov V.N., Ostapenko O.V. 

Photoelectric converters based on graded-gap hetero-

structures CdxZnxS/CuS // JETP Letters, 2002. T.28. 

VypLO. P.19-21. 

18. Chopra K., Das S. Thin-film solar cells. M.: 

Mir, 1986. 435 p. 

19. Guangming Liu, Т. Schulmeyer, J. Brotz, A. 

Klein and W. Jaegermann. Interface properties and 

band alignment of Cu2S/CdS thin film solar cells // Thin 

Solid Films. 2003. V. 431. P. 477-482. 

  

http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=C5oxqS8bJMnlgs531yI&page=4&doc=33
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=C5oxqS8bJMnlgs531yI&page=4&doc=33
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C5oxqS8bJMnlgs531yI&author_name=Globus,%20TR&dais_id=31715660&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C5oxqS8bJMnlgs531yI&author_name=Gaskill,%20DK&dais_id=30145655&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C5oxqS8bJMnlgs531yI&author_name=Groshens,%20T&dais_id=33489905&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=C5oxqS8bJMnlgs531yI&page=17&doc=162
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=C5oxqS8bJMnlgs531yI&page=17&doc=162
javascript:;
javascript:;
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C5oxqS8bJMnlgs531yI&author_name=UEMURA,%20O&dais_id=89166955&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C5oxqS8bJMnlgs531yI&author_name=SUGAWARA,%20Y&dais_id=19180067&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C5oxqS8bJMnlgs531yI&author_name=KAMEDA,%20Y&dais_id=18156036&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C5oxqS8bJMnlgs531yI&author_name=NISHIMIYA,%20Y&dais_id=62403610&excludeEventConfig=ExcludeIfFromFullRecPage

