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Abstract. Phase equilibria in the Cu2Se-SnSe-Sb2Se3 system were studied along the SnSe-Cu3SbSe3 
section by means of differential-thermal and X-ray phase analysis and its phase diagram was 
constructed. It was found that the SnSe-Cu3SbSe3 section is stable below the solidus and is non-
quasibinary thanks to the incongruent melting of the Cu3SbSe3 compound.
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1. INTRODUCTION
Ternary and complex copper chalcogenides have 

attracted much attention thanks to their outstanding 
photoelectric, thermoelectric, non-linear optic and 
etc. properties [1-3]. In particular, the Cu-Sb-Sn-X 
(X = S, Se) systems are of great interest for the devel-
opment of new ecologically safe thermoelectric mate-
rials [4–6]. In recent years, these compounds are very 
interesting due to the possibility of increasing their 
thermoelectric   gure of merit. One of the ways to in-
crease the thermoelectric   gure of merit of these ma-
terials is to obtain solid solutions based on them. For 
this purpose, it is expedient to study phase equilibria 
in the corresponding systems [7, 8].

Earlier we carried out a multitude of comprehensive 
studies [9–11] of phase equilibria and thermodynamic 
properties of complex systems based on copper 
chalcogenides.

The purpose of this work is to clarify the phase 
equilibria in the Cu2Se-SnSe-Sb2Se3 quasiternary 
system along the SnSe-Cu3SbSe3 polythermal 
section. 

Tin monoselenide SnSe melts congruently at 
1134 К [12] and crystallizes in the orthorhombic 
system, space group Pcmn, with following lattice 
parameters: a = 4.46, b = 4.19, c = 11.57 Å; Z = 
4 [13]. 

The Cu3SbSe3 compound melts incongruently at 
808 К [2]  and crystallizes in the orthorhombic system, 
space group Pnma, with a = 7.9865(8), b = 10.6138(9) 

and c = 6.8372(7) Å; Z = 4 [14]. Recent studies have 
shown that this compound due to its environmentally-
friendly constituent elements, ultralow thermal 
conductivity, and moderate thermopower, could be a 
potentially useful thermoelectric material [15–17], as 
well as the compound SnSe exhibit exceptionally good 
thermoelectric properties at high temperatures above 
~800 K, including a very low thermal conductivity 
[18, 19].

2. EXPERIMENTAL
2.1. Materials and syntheses 

The initial compounds SnSe and Cu3SbSe3 were 
synthesized by melting of elementary components of 
high purity (99.999 %) in vacuumed (~ 10–2 Pa) quartz 
ampoules. The synthesis was carried out at temperatures 
50 °C higher than the melting points of the synthesized 
compounds. Further ampoule with tin selenide was 
slowly cooled to room temperature. The ampoule 
with Cu3SbSe3 according to the recommendations 
of [20] was rapidly cooled from the melt and then 
annealed at 600–673 K. Synthesized compounds SnSe 
and Cu3SbSe3 were identi  ed by differential-thermal 
analysis (DTA) and powder X-ray diffraction (XRD) 
method.

A series of SnSe-Cu3SbSe3 alloys with compo-
sitions of 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 
95 mol % Cu3SbSe3 was prepared for the investiga-
tion. Alloys were prepared from pre-synthesized start-
ing compounds by melting in a vacuum.
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In order to achieve the equilibrium state in alloys, 
cast non-homogenized samples obtained by slow cool-
ing of melts were ground into a powder, thoroughly 
mixed and pressed into tablets with a mass of 0.8–1g, 
and then annealed at 700 K for 500 hours.

2.2. Methods
Studies carried out by DTA and XRD methods.
The differential-thermal analysis was carried out 

in the temperature range from room temperature to 
1400 K with a heating rate of 10 K· min–1 on a differ-
ential scanning calorimeter (NETZSCH 404 F1 Pega-
sus system). The measurement results were processed 
using the NETZSCH Proteus Software. The accuracy 
of the temperature measurement was within ±2 K.

X-ray phase analysis was carried out at room tem-
perature on a Bruker D8 ADVANCE diffractometer 
with CuKα1 radiation. The X-ray images were indexed 
using Topas V3.0 software Bruker.

3. RESULTS AND DISCUSSION
The results of XRD of annealed alloys showed 

that they are two-phase mixtures of the starting com-
pounds. This indicates the stability of this section be-
low the solidus. For example, Fig. 1 shows X-ray im-
age of the alloy with composition 40 mol % SnSe – 
60 mol % Cu3SbSe3 and con  rmed its biphasic com-
position. As can be seen, the XRD pattern of this alloy 
is entirely composed of diffraction peaks of the SnSe 
(circles) and Cu3SbSe3 (triangles). 

Based on the DTA data (Table), a phase diagram 
of the SnSe-Cu3SbSe3 section was plotted (Fig. 2). As 
can be seen, this section is a quasistable cross-section 
of the Cu2Se-SnSe-Sb2Se3 system but is nonquasibinary 

due to the incongruent melting of the Cu3SbSe3 com-
pound. Solubility on the basis of SnSe (β-phase) with 
an extension of ~3 mol % is observed. Liquidus of the 
SnSe-Cu3SbSe3 system consists of two branches, which 
characterize primary crystallization of the β-phase and 
solid solutions based on a high-temperature modi  ca-
tion of Cu2Se compound (α-phase) formed along the 
Cu2Se-Sb2Se3 section [2]. Below the liquidus in the 
0–30 mol % SnSe composition range, thermal effects 
related to the monovariant peritectic reaction L+α↔
Cu3SbSe3 are observed. During this reaction, a three-
phase region L+α+Cu3SbSe3 is formed. In the 30-95 
mol % SnSe composition range the joint crystalliza-
tion of the α- and β-phases takes place. The horizontal 
at 725 K corresponds to an invariant transition reaction 
L+α↔Cu3SbSe3+β. Crystallization is completed by the 
formation of a two-phase mixture Cu3SbSe3+β.

Table. Results of DTA for SnSe-Cu3SbSe3 alloys

Composition,
mol % Cu3SbSe3

Thermal effects, К

0 (SnSe) 1153
5 1105
10 725;1040
20 725; 950
30 725; 750; 880
40 725; 755; 835
50 725; 770; 800
60 725; 770
70 725; 810
80 725; 755; 850
90 725; 780; 890
95 725; 800; 920

100 (Cu3SbSe3) 808; 940

Fig. 1. Powder XRD pattern for the alloy 40 mol% SnSe-60 mol% Cu3SbSe3
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4. CONCLUSION
The SnSe-Cu3SbSe3 section is studied by means of 

the DTA and XRD methods and its phase diagram is 
constructed. It was established that the SnSe-Cu3SbSe3 
is a nonquasibinary and stable below the solidus cross-
section of the phase diagram of the Cu2Se-SnSe-Sb2Se3 
system.
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Аннотация. В работе приведены результаты исследования фазовых равновесий в квазитрой-
ной системе Cu2Se-SnSe-Sb2Se3 по разрезу  SnSe-Cu3SbSe3 методами дифференциального 
термического (ДТА) и рентгенфазового (РФА) анализов. Результаты РФА отожженных сплавов 
показало, что они являются двухфазными смесями исходных соединений. Это указывает на 
стабильность данного разреза ниже солидуса. На основании полученных данных ДТА пост-
роена фазовая диаграмма разреза SnSe-Cu3SbSe3. Этот разрез является квазистабильным се-
чением системы Cu2Se-SnSe-Sb2Se3, но в целом неквазибинарен в силу инконгруэнтного ха-
рактера плавления соединения Cu3SbSe3. В системе наблюдается растворимость на основе 
SnSe (β-фаза) с протяженностью ~3 мол.%. Ликвидус системы SnSe-Cu3SbSe3 состоит из двух 
ветвей, характеризующих первичную кристаллизацию β-фазы и твердых растворов на основе 
высокотемпературной модификации соединения Cu2Sе (α-фазы)  по разрезу Cu2Se-Sb2Se3. Ниже 
ликвидуса в интервале составов 0-30 мол.% SnSe наблюдаются термические эффекты относя-
щиеся моновариантной перитектической реакции L+α ↔ Cu3SbSe3. В ходе реакции формиру-
ется трехфазная область L+α+Cu3SbSe3. В интервале составов 30-95 мол.% SnSe происходит 
совместная кристаллизация α- и β-фаз. Горизонталь при 725 К отвечает нонвариантной пере-
ходной реакции: L+α ↔ Cu3SbSe3+β. Кристаллизация завершается образованием двухфазной 
смеси Cu3SbSe3+β.
Ключевые слова: система Cu2Se-SnSe-Sb2Se3, сечение SnSe-Cu3SbSe3, фазовая диаграмма.

DOI: https://doi.org/10.17308/kcmf.2018.20/553

Работа выполнена в рамках международной 
совместной исследовательской лаборатории 
«Advanced Materials for Spintronics and Quantum 
Computing» (AMSQC), созданной между Инсти-

тутом катализа и неорганической химии НАНА 
(Азербайджан) и Международным физическим 
центром Donostia (Страна Басков, Испания).

Исмаилова Эльнара Н. – аспирант, м. н. с., Ин-
ститут катализа и неорганической химии НАНА; 
тел.: (+994) 552705005, e-mail: ismayilova818@
mail.ru

Машадиева Лейла Ф. – к. х. н., с. н. с., Инсти-
тут катализа и неорганической химии НАНА; тел.: 
(+994) 556007506, e-mail: leylafm76@gmail.com   

Ismayilova Elnare Nadir – PhD student, Junior 
Scienti  c fellow of Institute of Catalysis and Inor-
ganic Chemistry Azerbaijan National Academy of 
Sciences; tel.: (+994) 552705005, e-mail: ismayilo-
va818@mail.ru

Mashadieva Leyla Farkhad - PhD in chemistry, 
Senior Scienti  c fellow of Institute of Catalysis and 
Inorganic Chemistry, Azerbaijan National Academy of 
Sciences; tel.: (+994) 556007506, e-mail: leylafm76@
gmail.com  

PHASE EQUILIBRIA IN THE Cu2Se-SnSe-Sb2Se3 SYSTEM ALONG THE SnSe-Cu3SbSe3 SECTION 


	cover.pdf
	Page 1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




