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Abstract. Methods of physicochemical analysis, namely differential thermal analysis (DTA), high temperature differential thermal analysis (HTTA), 
X-ray phase analysis (XRD), microstructural analysis (MSA) and microhardness measurements are used to determine the nature of the physicochemical 
interaction in the Er-Sb-Te ternary system.. Phase diagrams of the following quasi-binary Er2Te3-Sb2Te3, ErTe-Sb2Te3, ErTe-SbTe, ErTe-Sb and 
non-quasi-binary Er-Sb2Te3, D (ErSb3Te5,5)-Te sections are presented for the first time. It has been established that at a component ratio of 1:1 in the 
Er2Te3-Sb2Te3 system, a new ternary phase with the composition ErSbTe3 is formed, which crystallizes in the hexagonal syngony with unit cell 
parameters: a=0.408; c=3.045 nm. In the system based on Sb2Te3, solid solutions are formed, the boundaries of which are up to 3 mol% Er2Te3 at room 
temperature, and at the eutectic temperature it reaches about 8 mol% Er2Te3. The ternary combination of ErSbTe3 with an α-solid solution forms a 
eutectic, the coordinates of which are 20 mol % Er2Te3 and 800 K. The liquidus of the ErTe-Sb2Te3 system consists of two branches of primary 
crystallization of an α-solid solution based on Sb2Te3 and an Er2Te3 compound. In the ErTe-Sb2Te3 section, a region of homogeneity is also formed 
based on Sb2Te3 up to 5 mol % ErTe. The system state diagram is of the simple eutectic type. Eutectic coordinates 25 mol% ErTe and 850K. In the 
ErSb – ErTe and Sb – ErTe systems, no new ternary phases and homogeneity regions have been found. Eutectic coordinates in the ErSb – ErTe system; 
50mol % ErTe and 1200K, and in the second system (Sb – ErTe) a degenerate eutectic is observed (at 900K). The cut Sb2Te3-Er intersects three, and 
D-Te two subordinate triangles. In both systems, ternary eutectic and peritectic invariant reactions occur at different temperatures. A projection of the 
liquidus surface of the Er-Sb-Te ternary system is also constructed, which consists of fourteen fields of primary crystallization of phases, separated by 
25 monovariant equilibrium curves. Monovariant curves intersect at 11 nonvariant points, five of which are eutectic and six are peritectic.  

Keywords: phase diagram, ternary system, phase equilibrium, quasi-binary, non-quasi-binary sections, solid solutions, liquidus of the system, 
crystallization of phases. 
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Аннотация. Методами физико-химического анализа, а именно дифференциально-термического (ДТА), высокотемпературного 
дифференциально-термического (ВДТА), рентгенофазового (РФА), микроструктурного (МСА) анализов и измерением микротвердости 
определен характер физико-химического взаимодействия в тройной системе Er-Sb-Te. Впервые представлены фазовые диаграммы 
следующих квазибинарных Er2Te3-Sb2Te3, ErTe-Sb2Te3, ErTe-SbTe, ErTe-Sb и неквазибинарных Er-Sb2Te3, D (ErSb3Te5,5)-Te сечений. 
Установлено, что при соотношении компонентов 1:1 в системе Er2Te3-Sb2Te3 образуется новая тройная фаза составом ErSbTe3, которая 
кристаллизуется в гексагональной сингонии с параметрами элементарной ячейки: а=0,408; с=3,045 нм. В системе на основе Sb2Te3 образуются 
твердые растворы границы которых составляют до 3 мол% Er2Te3 при комнатной температуре, а при температуре эвтектики достигает около 
8 мол% Er2Te3. Тройное соединение ErSbTe3 с α-твердым раствором образует эвтектику, координаты которой составляют 20мол % Er2Te3 и 
800К. Ликвидус системы ErTe-Sb2Te3 состоит из двух ветвей первичной кристаллизации α- твердого раствора на основе Sb2Te3 и соединения 
Er2Te3. В разрезе ErTe-Sb2Te3 также образуется область гомогенности на основе Sb2Te3 до 5 мол % ErTe. Диаграмма состояния системы 
относится к простому эвтектическому типу. Координаты эвтектики 25 мол% ErTe и 850К. В системах ErSb – ErTe и Sb – ErTe новые тройные 
фазы и области гомогенности не обнаружены. Координаты эвтектики в системе ErSb – ErTe; 50мол % ErTe и 1200К, а во второй системе (Sb 
– ErTe) наблюдается вырожденная эвтектика (при 900К). Разрез Sb2Te3- Er пересекает три, а D-Te два подчиненных треугольника. В обеих 
системах происходят тройные эвтектические и перитектические нонвариантные реакции при различных температурах. Также построена 
проекция поверхности ликвидуса тройной системы Er-Sb-Te, которая состоит из четырнадцати полей первичной кристаллизации фаз, 
разделенных 25 кривыми моновариантного равновесия. Моновариантные кривые пересекаются в 11нонвариантных точках, пять из которых 
являются эвтектическими и шесть перитектическими.  

Ключевые слова: диаграмма состояния, тройная система, фазовое равновесие, квазибинарные, неквазибинарные сечения, твердые растворы, 
ликвидус системы, кристаллизация фаз. 
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Introduction 

Chalcogenides of antimony and bismuth are 
promising materials for optoelectronic devices [1, 2], 
solar cells [3], thermoelectric converters [4–6], photo 
electrochemical cells [7], optical recording [8], lithium-ion 
batteries [9, 10]. Moreover, they are also used as a topolog-
ical insulator [11–13] and superconductors [13, 14]. 

According to [15, 16], one of the effective 
and promising ways to improve the thermoelectric 
properties of compounds is doping. It has recently been 
found that rare earth elements REE (REE = Lu, Ce, Sm, 
Er, La, Gd, etc.) can be successfully used as impurities 
to improve the thermoelectric characteristics of Вi2 
Те3 [17–28]. According to [27] the Вi1.9 Gd0.1 Те3 
composition is optimal for obtaining the maximum in-
crease in ZT for Вi2 Те3 compounds doped with REE. 

The study of chemical interaction in Er-B-X 
(B-Sb, Bi; X-S, Se, Te) systems is of interest from the 
point of view of improving thermoelectric properties. 

The phase diagrams boundary binary systems 
of the Er-Sb-Te ternary system have been studied 
in detail in [28–33]. 

In the Er-Te system, double compounds with 
compositions ErTe, Еr2 Те3, ЕrТе2, ЕrТе3 have 
been found. 

System state diagram studied by Weissan. 
The Er + ErTe eutectic is at 13 at% Te and melts at 
1270 °C. Between ErTe and Еr2Те3 there is a con-
tinuous series of solid solutions. The melting points 
of the boundary compositions are 1325 and 1460 °C, 
respectively. Tritelluride ЕrТе3 is formed by a peritectic 
reaction at 575 °С [28]. 

In the Sb-Te system at 618 °C, the congruently 
melting compound Sb2 Те3 is formed. The solubility 
of Sb in Te is ~1 at. % at room temperature. The 
eutectic crystallizes at 92 at. % Te and 422 °C [29–31]. 

The Er-Sb system was studied by the au-
thors [32–33] and the state diagram of the system 
was constructed. Two compounds with composi-
tions ErSb and ЕrSb2 are formed in the system. The 
ErSb compound is formed at a ratio of components 
1:1 with an open maximum at 1650 K, and ЕrSb2 
by the peritectic reaction: 

 L + ErSb↔ ЕrSb2 (975К)  

ErSb forms a eutectic with Er, the eutectic coordi-
nates are: 80 at.% Er and 1200 K [33]. 

Materials and methods 

The initial materials for the synthesis of alloys 
were Er metal "Erm-O"; Sb "B-4"; Te "TA-2". 

The alloys were obtained by direct alloying 
of the components in evacuated quartz ampoules  
at 900–1300К, depending on the composition,  
followed by slow cooling in a switched off furnace. 
To obtain an equilibrium state, the alloys were sub-
jected to homogenizing annealing in evacuated 
quartz ampoules at temperatures 50–100 K below 
the solidus temperature for two weeks. 

The study was carried out by a complex of 
methods of physical and chemical analysis. 

Differential thermal analysis (DTA) was per-
formed using an NTR-73 pyrometer and Thermos-
can-2. The liquidus temperature of the high-temper-
ature part of the diagrams was determined on a 
VDTA-8 in an inert atmosphere using W–W/Re 
thermocouples. Heating rate 40 deg./min. 

X-ray diffraction analysis (XRD) was car-
ried out by taking X-ray diffraction patterns of 
powders on a Bruker D8 ADVANCE diffractometer 
with Cu Kα radiation. 

For microstructural analysis (microscope 
MIM-7), an etchant with the composition of 10% mol 
Н2SО4 + 45g К2Сr2О7 + 90 mol% Н2O was used. 
The etching process lasts 26 s. The microhardness of 
the alloys was measured on a PMT-3 microhardness 
tester at loads of 10 and 20 g. The measurement error 
was 1.2–1,43%. 

Results 

To study the chemical interaction in the entire 
concentration range and construct the projection of 
the liquidus surface of the Er-Sb-Te ternary system, 
the following sections were studied: ErSb-ErTe, 
Еr2 Те3-Sb2 Те3, ErTe-Sb, ErTe-Sb2 Те3, Sb2 Те3-Er, 
and Sb2 Те3 – D(ЕrSb3Те 5,5) Еr2 Те3-Sb2 Те3 section 
is quasi-binary (Fig.1). 
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Figure 1. Phase diagram of the Sb2 Те3-Еr2 Те3 system 
 

 

It can be seen from the figure that the Sb2 
Те3-Еr2 Те3 section belongs to the simple eutectic type. 
At a ratio of components of 1:1, a ternary compound 
of composition ЕrSbТе3 is formed in the system  
by a peritectic reaction at a temperature of 1285 K. 

 L + Еr2 Те3 ↔ ЕrSbТе3  

The ЕrSbТе3 compound forms a eutectic 

with an α-solid solution based on Sb2 Те3. Eutectic 

coordinates is 80 mol% Sb2 Те3 and 800 K. 
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The formation of solid solutions based on Sb2 Те3 

was found, the boundary of which is approximately 

3 mol.% Sb2 Те3 at a temperature of 300 K. 

By indexing the diffraction pattern of the 1:1 

composition alloy, it was found that ЕrSbТе3 crystal-

lizes in a tetragonal syngony with unit cell parameters, 

a = 18.95Å; c = 12.68Å (Fiq.2) 

Data on chemical interaction in sections of the eu-

tectic type in the Er-Sb-Te system are given in Table 1. 

Table 1.  

The nature of the chemical interaction in sections 

Sections 
Eutectic coordinates 

Sb2Те3 mol% Т, К  
Sb2Те3-ErTe 75 850 Fig.3 

Sb-ErTe degenerate 900 Fig.4 
ErSb-ErTe 50 1200 Fig.5 
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Figure 2. Phase diagram of the ErTe – Sb2 Те3 system 
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Figure 3. Phase diagram of the ErTe – Sb system 
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Er-Sb2 Те3 non-quasi-binary section (Fig. 2) 

crosses three subordinate triangles: ErSb-Er-ErTe, 

ErSb-Sb-ErTe, ErTe-Sb-Sb2 Те3. 

The effects at 1000 and 800 K reflect the  

co-crystallization of Er with ErTe and ErTe with  

an α-solid solution based on Sb2Те3, respectively. 

Crystallization of the alloys of the part of the 

section of the intersecting triangle ErSb-Er-ErTe 

ends at a ternary eutectic temperature of 1600К,  

according to the reaction: 

 L ↔ ErSb + Er + ErTe  
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Peritectic transformations take place in this 

part of the system: 

 L + ErSb ↔ ErSb + ErTe (800 K).  

Part of the system crosses partial triangle 

III, where ternary eutectic and peritectic nonvari-

ant transformations occur: 

 L + α(Sb2 Те3) ↔ σ + ErTe (765 К)  

 L + σ ↔  + ErTe (700 К)  

 L + ↔ β` + ErTe (650 К)  

 L + Sb ↔ β + ErTe (750 К)  

 L ↔ α + β + ErTe (550 К)  

D(ЕrSb3 Te5,5) – Te section is non-quasi-bi-

nary (Fig. 7), crosses two triangles Sb2Те3-ErTe-

Еr2Те3 and Sb2Те3-Te-Еr2Те3. Liquidus consists of 

four curves of primary phase crystallization: ErTe, 

Еr2Те3, ЕrТе3, and Te. 

The following nonvariant eutectic and peri-

tectic reactions take place in this part of the system: 

 L + Еr2 Те3 ↔ S + ErTe (750 K)  

 L + Еr2 Те3 ↔ S + Sb2 Те3 (750 K)  

 L + S ↔ Еr2 Те3+ ErTe (700 K)  

 L ↔ α + ErTe + Еr2 Те3 (600 K)  

 L ↔ Te + Еr2 Те3+ Sb2 Те3 (515 K)  
 

 

Figure 6. X-ray diffraction pattern of ЕrSbТе3 compound 
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Figure 7. Liquidus surface projection of the Er-Sb-Te ternary system. Areas of primary crystallizations phases: 1 – Er,  
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The study of the six sections described above 

and the literature data on binary systems made it 

possible to construct a projection of the liquidus 

surface of the Er-Sb-Te ternary system (Fig. 7). 

which can be divided into five secondary systems: 

ErSb-Er-ErTe, ErSb-Sb-ErTe, ErTe-Sb-Sb2Те3, 

Sb2Те3-ErTe-Еr2Те3, Sb2Те3-Te-Еr2Те3. 

The liquidus of the investigated system con-
sists of 14 primary phase crystallization fields sep-
arated by 25 monovariant equilibrium curves. The 
largest region of the diagram is occupied by the 
crystallization field of the ErTe compound (~55%). 
Monovariant curves intersect at 11 nonvariant 
points, 5 of which are eutectic and 6 are peritectic. 
Nonvariant reactions occurring during the crystal-
lization of alloys are shown in Table 2. 

Table 2.  

Nonvariant equilibrium processes in the Er-Sb-Te ternary system 

Point Equilibria Temperature Т, К 

е11-Е1 L ↔ Er + ErSb 1200–60 

е1-Е1 L ↔ Er + ErTe 1343–600 

Е1е8Р1 L ↔ ErSb + ErTe 600–1200–800 

Р1Р1 L ↔ ErSb + ЕrSb2 975–800 

Р1Е2 L ↔ ЕrSb2 + Sb 800–695 

Е2е6Р2 L ↔ Еr2Te + Sb 675–900–850 

Р4е10Е4 L ↔ Sb2Те3 + ErTe 765–850–600 

Р4Р4 L ↔ Sb2Те3 + σ 830–765 

Р4Р3 L ↔  + ErTe 765–700 

Р3Р3 L ↔  + β’ 813–700 

Р3Е3 L ↔ β’ + ErTe 700–550 

е5Е3 L ↔ β’+  818–550 

Р2Р2 L ↔ Sb + β 810–650 

Т2Е3 L ↔ β + ErTe 750–650 

е2Р6 L ↔ ErTe + ЕrТе3 1360–750 

Р6Е4 L ↔ ErTe + ЕrSbТе3(S) 750–600 

е19Е4 L ↔ ErTe + Sb2Те3 850–600 

Р6е6Р6 L ↔ ЕrТе3 + S 760–1285–750 

Е4е3Р5 L ↔ Sb2Те3 + S 600–800–700 

Р5Р6 L ↔ Еr2Те3 + ЕrТе3 923–750 

Р6Р5 L ↔ S + ЕrТе3 750–700 

Р5Е5 L ↔ ЕrТе3 + Sb2Те3 700–515 

Conclusion 

By using the DTA, HTDA, XRD, MSA and 

microhardness measurements thе character of the 

physicochemical interaction in the Er-Sb-Te ternary 

system are studied. It has been established that the 

Sb2 Те3-Еr2 Те3, Sb2 Те3-ErTe, ErTe-Sb, ErTe-ErSb 

sections are quasi-binary, while the Sb2 Те3-Er  

and D – Te sections are non-quasi-binary. 
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