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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-Sh-Te ternary system.. Phase diagrams of the following quasi-binary Er2Te3-Sh2Te3, ErTe-Sh2Te3, ErTe-ShTe, ErTe-Sbh 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-Sh2Te3 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 Sh,Tes, solid solutions are formed, the boundaries of which are up to 3 mol% Er,Te; at room
temperature, and at the eutectic temperature it reaches about 8 mol% Er,Tes. The ternary combination of ErSbTe; with an a-solid solution forms a
eutectic, the coordinates of which are 20 mol % Er,Te; and 800 K. The liquidus of the ErTe-Sh,Te; system consists of two branches of primary
crystallization of an a-solid solution based on Sbh,Te; and an Er,Te; compound. In the ErTe-Sh,Te; section, a region of homogeneity is also formed
based on Sh,Te; 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 Sb,Tes-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-Sbh-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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1 bakuHCKHI rocy1apCcTBEHHBIN yHUBEPCHUTET, yil. 3axuaa Xamunosa 23, baky, Az1148, AzepOaiimxan

2 BOpOHEKCKHUiT TOCYIapCTBEHHBIN YHUBEPCHTET HHXKCHEPHBIX TEXHOJIOTHH, np-T Peomormu, 19, r. Boponex, 394036, Poccust
AnnoTanus. MetofamMu  pU3MKO-XMMHYECKOTO —aHammM3a, a WMeHHo auddepernmanmsHo-Tepmuueckoro (JTA), BbICOKOTEMIEpaTypHOTO
muddepenumanbao-repmuueckoro (BTA), penrrenogpazosoro (P®A), mukpoctpykrypHoro (MCA) aHanuM30B U M3MEPEHHEM MHKPOTBEPAOCTH
OmpesiesieH XapakTep (PU3MKO-XMMHUYECKOTO B3aUMOJEHCTBUS B TpoiiHOW cucreme Er-Sb-Te. Bmepsoie mnpescraBiensl (a3oBble IuarpamMmsl
crepyromux KeasuOuHapHbIX Er;Tes-Sb,Tes, ErTe-Sb,Tes, ErTe-SbTe, ErTe-Sb u HekBazuGunapusix Er-Sh,Tes, D (ErSbsTess)-Te ceueHmii.
VcraHOBNIEHO, YTO NPH COOTHOIIEHHH KoMmmoHeHToB 1:1 B cucteme Er,Tes-Sh,Te; oOpasyercst HoBasi TpoiiHas (asa cocraBom ErSbTe3, xoropas
KPHCTAJUTH3YETCsI B TeKCarOHAIBLHON CHHTOHHH C TIapaMeTpaMH dJieMeHTapHoit stueiiku: a=0,408; ¢=3,045 M. B cucreme Ha ocHOBe Sb,Tes oOpasyrorest
TBEPABIC PACTBOPHI IPAHUIIBI KOTOPBIX COCTABISIOT 10 3 M0n% Er,Te; mpu koMHATHO# TeMmepaType, a Py TeMIIepaType IBTEKTUKH JOCTUTAET OKOJIO
8 mon% Er,Te;. Tpoitnoe coenunenue ErSbTe; ¢ a-TBepasIM pacTBOpOM 00pa3yeT IBTEKTUKY, KOOPAUHATHI KOTOPOH cocTaBisiioT 20mon % Er,Tes u
800K. JIuksuayc cucremsl ErTe-Sh,Te; cocTouT U3 ABYX BeTBeil IepBUYHOM KPUCTAILIH3ALMH 0.- TBEPJOTO PACTBOPa Ha OCHOBE Sb,T€3 M COSANHEHNUS
Er,Tes. B paspese ErTe-Sh,Te; Taxxe obpasyercst 06iacTh TOMOreHHOCTH Ha ocHOBe SbpTes 10 5 Mon % ErTe. [lnarpaMma COCTOSIHHSI CHCTEMBI
OTHOCHUTCS K IPOCTOMY 3BTeKTHIeckoMy THITy. KoopaunaTs! aBTekTHKE 25 Mon% ErTe u 850K. B cuctemax ErSb — ErTe u Sb — ErTe HOBBIE TpoiiHbIE
(a3bl 1 0061aCTH TOMOTEeHHOCTH He oOHapyxkeHsl. Koopaunats! 3BTexTukd B cucteMe ErSb — ErTe; 50mon % ErTe u 1200K, a Bo BTopoii cucteme (Sb
— ErTe) naGmonaercs BeipoxaeHHast 9BTekTHKa (ipu 900K). Pazpes Sb,Tes- Er mepecekaer Tpu, a D-Te 1Ba mogdnHEHHBIX TpeyrojbHHKa. B obenx
CHCTeMaX HPOHMCXOASAT TPOWHBIC IBTEKTHYECKUE U IEPHTEKTHYCCKHE HOHBAPUAHTHBIC PEAKIMU IPH PasiIMYHBIX TeMIeparypax. Tarke MmocTpoeHa
HPOCKIMs TTOBEPXHOCTH JIHKBHIYca TPOHHOH cuctemsl Er-Sh-Te, koTopast COCTOMT M3 YeTBIPHAALATH TMOJIEH MEpPBHYHON KpUCTALIM3ALHN (as,
pa3zeaeHHbIX 25 KPUBBIMH MOHOBAPHAHTHOTO PaBHOBECHS. MOHOBapHaHTHBIC KPHUBBIE IEPECEKAOTCs B 1 |HOHBApUAHTHEIX TOYKAX, MSITh H3 KOTOPHIX
SIBISIFOTCSI SBTEKTHYECKUMH M [IECTh NEPUTCKTHICCKUMU.

KuroueBble c10Ba: quarpaMMa COCTOSHHS, TPOifHas cucTeMa, ()a3oBOe paBHOBECHE, KBa3UOMHAPHEIE, HEKBa3HOMHAPHbIE CEUCHNUSI, TBEPIbIC PACTBOPEI,
JIMKBHLYC CUCTEMBI, KPHCTAILIH3ALMS (a3.
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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 Bi.
Tes [17-28]. According to [27] the Bivg Gdo1 Tes
composition is optimal for obtaining the maximum in-
crease in ZT for Bi, Te; compounds doped with REE.

The study of chemical interaction in Er-B-X
(B-Sh, 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-Sh-Te ternary system have been studied
in detail in [28-33].

In the Er-Te system, double compounds with
compositions ErTe, Er, Tes, ErTe;, ErTes 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 Er,Tes there is a con-
tinuous series of solid solutions. The melting points
of the boundary compositions are 1325 and 1460 °C,
respectively. Tritelluride ErTes is formed by a peritectic
reaction at 575 °C [28].

In the Sb-Te system at 618 °C, the congruently
melting compound Sh; Tes 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 ErSb2 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 ErSh
by the peritectic reaction:

L + ErSbe> ErSh; (975K)

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"; Sh "B-4"; Te "TA-2".

The alloys were obtained by direct alloying
of the components in evacuated quartz ampoules
at 900-1300K, 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.
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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 Ko radiation.

For microstructural analysis (microscope
MIM-7), an etchant with the composition of 10% mol
H>SO4 + 459 KoCr,07 + 90 mol% H>O 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,
Er, Tes-Sh, Tes, ErTe-Sh, ErTe-Sb, Tes, Sh, Tes-Er,
and Sh, Tes — D(ErSh3Te 5,5) Er, Tes-Sh, Tes section

is quasi-binary (Fig.1).
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Figure 1. Phase diagram of the Sh, Tes-Er. Tes system
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It can be seen from the figure that the Sbh,
Tes-Er, Tes section belongs to the simple eutectic type.
At a ratio of components of 1:1, a ternary compound
of composition ErSbTes is formed in the system
by a peritectic reaction at a temperature of 1285 K.

L + Er, Tes < ErShTes
The ErSbTe; compound forms a eutectic

with an a-solid solution based on Sh; Tes. Eutectic
coordinates is 80 mol% Sh, Tesz and 800 K.
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The formation of solid solutions based on Sh; Tes
was found, the boundary of which is approximately
3 mol.% Sh;, Tes at a temperature of 300 K.

By indexing the diffraction pattern of the 1:1
composition alloy, it was found that ErSbTes crystal-
lizes in a tetragonal syngony with unit cell parameters,
a=18.95A; c = 12.68A (Fiq.2)

T, K
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14001
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Figure 2. Phase diagram of the ErTe — Sh, Tes System
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Figure 4. Phase diagram of the ErSb — ErTe — system

Er-Sh, Tes non-quasi-binary section (Fig. 2)
crosses three subordinate triangles: ErSh-Er-ErTe,
ErSb-Sb-ErTe, ErTe-Sh-Sh, Tes.

The effects at 1000 and 800 K reflect the
co-crystallization of Er with ErTe and ErTe with
an a-solid solution based on Sb2Te3, respectively.
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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

Sb2Tez mol%

T,K

Sh2Tes-ErTe

75

850

Fig.3
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Figure 3. Phase diagram of the ErTe — Sh system
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Figure 5. D(ErTe + Sh, Tes) — Te polythermal section
of the phase diagram of the Er-Sb-Te system
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Crystallization of the alloys of the part of the
section of the intersecting triangle ErSb-Er-ErTe
ends at a ternary eutectic temperature of 1600K,
according to the reaction:

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

post@uestnik-vsuet.ru

D(ErShs Tess) — Te section is non-quasi-bi-

part of the system: nary (Fig. 7), crosses two triangles ShoTes-ErTe-
L + ErSb <> ErSb + ErTe (800 K). Er;Tes and Sh,Tes-Te-Er,Tes. Liquidus consists of
s four curves of primary phase crystallization: ErTe,

Part of the system crosses partial triangle

111, where ternary eutectic and peritectic nonvari-

Er,Tes, ErTes, and Te.

‘ The following nonvariant eutectic and peri-
ant transformations occur:

L + a(Shz Tes) <> o + ErTe (765 K)
L +o0 < y+ErTe (700 K)
L + y< B + ErTe (650 K)
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tectic reactions take place in this part of the system:
L + Er, Tes > S + ErTe (750 K)
L + Er; Tes <> S + Sh, Tes (750 K)
L + S < Er; Tes+ ErTe (700 K)
L < a + ErTe + Er; Te; (600 K)
L < Te + Er, Tes+ Shy Tes (515 K)

B+ ErTe (750 K)
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2Theta (Coupled TwoTheta/Theta) WL=1.54060

Figure 6. X-ray diffraction pattern of ErShTes compound
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Figure 7. Liquidus surface projection of the Er-Sb-Te ternary system. Areas of primary crystallizations phases: 1 — Er,
2-ErTe, 3—ErSh, 4 —FErSh,, 5-Sb,6—B,7—f,8-h,9—0c, 10 — Sh,Tes, 11 — ErSbTes, 12 - Te, 13 — ErTes, 14 — Er,Tes
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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:

ErSh-Er-ErTe,

ErSb-Sb-ErTe,

ErTe-Sb-Sh;Tes,

szTe3-ErTe-El’2T63, szTeg—Te—ErzTeg.

post@uestniR-vsuet.ru

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 T, K
en-E1 L < Er + ErSb 1200-60
e1-E1 L < Er + ErTe 1343-600
EiesP1 L < ErSb + ErTe 600-1200-800
P1P1 L < ErSb + ErSh> 975-800
P1E2 L < ErSh2 + Sb 800-695
E2esP2 L < ErTe + Sh 675-900-850
Pse10E4 L < SboTes + ErTe 765-850-600
P4Py L < Sb2Tes + o 830-765
P4Ps3 Lo y+ErTe 765-700
P3Ps3 Loy+p 813-700
P3Es L < B +ErTe 700-550
esEs3 LoB+y 818-550
PoP2 L—Sb+B 810-650
T2E3 Lo B+ErTe 750-650
e2Ps L < ErTe + ErTes 1360-750
PeE4 L < ErTe + ErShTes(S) 750-600
e19E4 L < ErTe + ShoTes 850-600
PsesPs L« ErTe3+S 760-1285-750
EsesPs L < Sbh2Tes + S 600-800-700
PsPs L < ErTes + ErTes 923-750
PsPs L < S+ ErTes 750-700
PsEs L < ErTes + ShoTes 700-515

Conclusion

By using the DTA, HTDA, XRD, MSA and

system are studied. It has been established that the
Sh, Tes-Er, Tes, Sh, Tes-ErTe, ErTe-Sb, ErTe-ErSb
sections are quasi-binary, while the Sbh, Tes-Er

microhardness measurements the character of the

physicochemical interaction in the Er-Sb-Te ternary and D — Te sections are non-quasi-binary.
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