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NEW VARIABLE COMPOSITION PHASES IN THE Tl,Te-TlsTes-Tl,.SmTe; SYSTEM
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I.F. Mekhdiyeva, V.A. Gasymov

Phase relations in the TI-Sm-Te system were studied in the Tl,Te-TlsTes-Tl,SmTe; composi-
tion region. The phase diagrams of boundary systems, solid-phase equilibria diagram as well as the
projections of the liquidus and solidus surfaces were constructed. It was found that the homogeneity
region of solid solutions with the TlsTes structure includes the stoichiometric compositions of the
compounds TlgSmTeg and Tl,SmTes, and occupies more than 90% of the area of the concentration
triangle Tl Te-TIsTes—Tl,SmTes. The obtained new phases are of interest as potential thermoelec-

tric and magnetic materials.
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Introduction

Chalcogenides of rare-earth elements,
exhibiting unique magnetic, optical, and ther-
moelectric properties, are important functio-
nal materials of modern high technologies
[1,2]. The search and development of the
physicochemical foundations of the directed
synthesis of novel complex chalcogenide pha-
ses are based on data on phase equilibria [3,
4]. One of the advisable ways to create such
materials is to search for complex structural
analogs of already known compounds with
the same properties and to optimize their cha-
racteristics by directed alloying [5].

One of such matrix compounds is TlsTes
[6], which, because of certain features of the crys-
tal structure, has a number of cation-substituted
structural analogs: Tl,AX3, TlgBXs (A =Sn, Pb; B
= Sb, Bi, Ln; X =Se, Te) [5, 7, 8]. These compo-
unds exhibit magnetic, thermoelectric, optical, to-
pological insulator properties [9-12].

The structural features of the TlsTe; com-
pound and the possibility of the formation of its
ternary analogs are discussed in detail in the
[5]. Using the above structural features of
TlsTes, we synthesized some TlgLnTeg [5] and
Tl4LnTez [13] compounds. The investigation of
the phase relations in the TIl,Te-TlsTes-
TI,DyTesz composition area of the TI-Ln-Te
system showed that the system is characterized
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by the formation of a wide range of solid soluti-
ons with the TlsTesstructure [14].

In this paper, we presented the results of
the investigations of phase relations in the Tl—
Sm-Te system in the composition region
leTe-TlsTeg-TI4SmTe3 (A)

Experimental part

For the investigations, the high-purity ele-
mental substances (Alfa Aesar) were used. The
congruently melting binary compounds TlsTes
and Tl,Te [5] were synthesized by melting stoic-
hiometric amounts of the elemental components in
evacuated (to ~10-2 Pa) quartz ampules at 750 K
with subsequent slow cooling.

Taking into account the previous experi-
ence [5, 13], the compounds TlgSmTes and
TI,SmTe; were synthesized by a ceramic met-
hod according to a specially developed proce-
dure [14].

Alloys of the system (A) were also prepa-
red by melting pre-synthesized initial compo-
unds at 900 K in evacuated quartz ampules.
Then the samples were ground into powder in
an agate mortar, mixed, pressed into pellets,
and annealed at 650 K for 1000 h. Initial ter-
nary compounds and alloys of the studied sys-
tem were synthesized in graphitized ampules to
prevent the interaction of the samarium with the
quartz ampule.
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The investigations were performed by dif-
ferential thermal analysis (Netzsch 404 F1 Pega-
sus differential scanning calorimeter) and X-ray
powder diffraction (Bruker D8 diffractometer,
CuKao; radiation). The patterns were indexed
and the lattice parameters were refined using the
Topas 4.2 software by the Le Bail method.

Results and discussion

Joint processing of the experimental data
allowed obtaining a complex of self-consistent
data on phase relations in the system (A)
(Fig.1-4, Table). Fig. 1 presents the X-ray pow-
der diffraction patterns of some alloys in the
sections TlsTes— TI1,.SmTes, Tl Te-TleSmTeg,
and Tl,Te-Tls,SmTes. It is seen that, in the
TlsTes— Tl,SmTesz section (Fig. 1), the initial
compounds and intermediate alloys have iden-
tical X-ray powder diffraction patterns with a
certain shift of reflection lines, which shows the
formation of an unlimited series of solid solu-
tions.

In the Tl Te-TlkSmTeg and Tl,Te—
TI1,SmTe; sections, the alloys containing more
than 30 mol % TlgSmTeg are single-phase, and
the alloys containing 20 mol % TlgSmTes
(T1,SmTe3) consist of an o + & two-phase mix-
ture (Fig. 1).
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We also studied a number of alloys out-
side the pointed sections, and based on the
powder X-ray diffraction data, the diagram of
solid-phase equilibria at 300 K was plotted
(Fig.2). The subsystem (A) is consist of a-, o-
phases and o + & two-phase area. The unlimited
o-solid solutions in the TlsTes~ TI,SmTes
boundary system penetrates deep into the con-
centration triangle and covers more than 90%
of its area. A narrow homogeneity region based
on Tl,Te (a-phase) forms. These single-phase
areas are limited by a + & two-phase field.
Thus, the investigated concentration area of the
TI-Sm-Te ternary system below the solidus is
an independent subsystem.

The section Tl,Te-Tl,SmTe; (Fig. 3) is a
part of the quasi-binary system TIl,Te-SmTe
and is characterized by the formation of a- and
d-solid solutions by peritectic reactions at 707
and 772 K. The peritectic points pl and p2 have
the compositions 10 and 40 mol% TI,SmTe;,
respectively. Liquidus corresponds to three
curves of primary crystallization of the o~ and
d-phases, as well as the SmTe compound.
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Fig. 1. X-ray powder diffraction patterns of alloys in the sections TlsTes— T1,SmTes, Tl,Te-T1,SmTes,
and Tl,Te-TleSmTeg of the system (A)
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Fig.2. Isothermal section of the phase diagram of the system (A) at 300 K
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Fig. 3. Phase diagrams of the Tl,Te-T1,SmTez and TlsTes-TI1,SmTe; systems

The boundary system TlsTes—T1;SmTe;
(Fig.3) is interesting in the context of the for-
mation of unlimited solid solutions (6-phase)
with the TlsTes structure and in the context of
the fact that the ternary compound TlgSmTeg—
the second structural analog of TlsTes - is wit-
hin the homogeneity region of the 5-phase. The
liquidus corresponds to the primary crystalliza-
tion curves of the 8-phase, TISmTe,, and SmTe.
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The differential thermal analysis curves show
no thermal events corresponding to the liquidus
of SmTe. The region L + SmTe is separated by
a dashed line according to Fig.3. The dashed li-
ne also limits the three-phase region
L+SmTe+TISmTe,, which separates two two-
phase areas (Fig.3). Analysis of the differential
thermal analysis curves of the annealed alloys
demonstrated that, unlike the other compositi-

—<»— [OKITAObI



60 THE REPORTS OF NATIONAL ACADEMY OF SCIENCES OF AZERBAIJAN, 2022, VOLUME LXXVIII, Ne3-4

ons of the &-phase, melting in a temperature
range, the alloy containing 50 mol % Tl;SmTes
(composition TlgSmTeg) melts with decomposi-
tion at a constant temperature (755 K). On the
other side, the concentration dependence of the
parameters of the tetragonal lattice of the &-
phase clearly shows kinks at this composition.
In the composition range 0-50 mol %
T1,SmTes, parameter a abruptly decreases, and
parameter ¢ increases.

Liquidus and solidus projections

The liquidus of the studied system (Fig.4)
consists of 4 primary phase crystallization of
the a- and 6-phases, as well as TISmTe, and
SmTe compounds, which exist outside the con-
sidered concentration region. These fields are
separated by a number of monovariant equilib-
rium curves and invariant points. The table pre-
sents the types and temperatures of these equi-
libria.

TI,SmTe,

TI,SmTe,

Moi1.% T1,SmTe,

Fig. 4. Projection of the liquidus and solidus surfaces of the system (A). Primary crystallization fields: 1- SmTe,
2- TISmTe,, 3 6-, 4 a-phase. The red lines are the studied polythermal sections

Table
Non- and monovariant equilibria in the Tl,Te-TlsTes-T1,SmTe; system
Point or curve on the Fig.4 Equilibria T, K
P1 L+SmTe—TLSmTe; 750
P2 L+d—a 707
P3 L+TISmTey«>TleSmTes 755
P4 L+8<>a 703
E Leratd 693
U L+SmTe«TISmTe,+8 745
KU L—SmTe+TISmTe, 1170-745
P2pP4; P4€ L+doa 707-703; 703-693
p:U L+SmTed 750-745
Ups; psM L+TISmTey,«<d 750-755; 755-735
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The curve KU separating the liquidus sur-
faces of TISmTe, and SmTe is a fragment of the
eutectic curve originating at the point of the inva-
riant transition equilibrium L+Sm,Te; <—TISm
Te,+SmTe, which is outside this concentration
triangle. The interaction of the curve KU with the
peritectic curve plU leads to the establishment of
the invariant transition equilibrium U in the sys-
tem (Fig.4; Table). Another peritectic curve sepa-
rates the liquidus surfaces of TISmTe;, and the o-
phase. Figure 4 shows a psM fragment of this cur-
ve, which then goes beyond the concentration tri-
angle of the system (A).

Conclusion

A scheme of the phase equilibria of the TI-
Sm-Te system in the Tl Te-TIsTes-Tl,SmTe;
composition area is presented. The phase diagrams
of the boundary constituents TlsTes-TIl,SmTe;
and Tl,Te-TI,SmTes, the isothermal section of the
phase diagram at 300 K, and projections of the li-
quidus and solidus surfaces were plotted. It was
determined that the homogeneity region of solid
solutions based on the TlsTes structure includes the
stoichiometric compositions of the compounds
TleSmTegs and Tl,SmTes, and occupies more than
90% of the area of the Tl Te-TIsTes-Tl,SmTe;
concentration triangle.
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TI,Te-TlsTes~T1,SmTe; SISTEMINDO YENi DOYiSON TORKIBLI FAZALAR

M.B. Babanl, S.Z. imamoliyeva, i.F. Mehdiyeva, V.A. Qasimov

TI-Sm-Te sisteminin Tl,Te-TIsTes-T1,SmTe; torkib sahosindo faza tarazliglart Gyronilmigdir. Sistemin borkfaza
tarazliglarimin  diaqramu, sorhod sistemlorinin faza diagramlari, homginin likvidus va solidus sothlorinin proyeksiyalari
qurulmusdur. Miioyyan edilmisdir ki, sistemds TlsTes quruluslu genis bark mohlul sahasi amolo galir, onun homogenlik sa-
hasi ligbucagin sahasinin 90%-don ¢oxunu tutur vo TlgSmTeg, Tl,SmTe; birlosmoalarinin stexiometrik tarkiblorini ohats edir.
Alinmig yeni fazalar potensial termoelektrik vo maqnit materiallar: kimi maraq dogurur.

Acar sozlar: tallium-samarium telluridlari, faza tarazhiglar, likvidus sathi, bark mahlullar, kristal gafas
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HOBBIE ®A3bI HEPEMEHHOI'O COCTABA B CUCTEME
TLTe-TlsTex~TI1,SmTe;

M.B. Babauasl, C.3. UmamanueBa, U.®. MextueBa, B.A. 'acbimoB

dazoBsie paBHOBecHs B cucteMe T1-Sm-Te usyuenst B o6mactu coctaBoB Tl,Te-TlsTes—T1,SmTe;. [Toctpoers
(azoBble HUarpaMMbl TPAHMYHBIX CHCTEM, IHarpamma TBepAo(a3sHEIX PAaBHOBECHH, a TaKXkKe NPOCKLHH ITOBEPXHOCTEH
JHMKBUIyCa U COJMAYyca. Y CTAaHOBJIIEHO, YTO B CHCTEMe 0OpasyeTcs IUpOKas 001acTh TBEPIBIX PACTBOPOB CO CTPYKTY-
poit TlsTes, 3annmaromas Gosnee 90% ruroniagy KOHIIEHTPALMOHHOTO TPEYTOJIbHUKA W BKIIOYAIONIas CTEXHOMETpUYE-
ckue cocraBbl coenuneHnid TlgSmTes n T1,.SmTe;. [TonydeHubie HOBBIE (ha3bl MPEACTABISIIOT WHTEPEC KaK ITOTEHIIH-
aJbHBIE TEPMODJIEKTPHYECKUE ¥ MArHUTHBIE MaTepuaIbl

Kniouegvie cnoea: mennypudst mannus-camapus, hazoevie pasHosecusl, NOGEPXHOCHb TUKUAYcd, meepovle
Pacmeopwl, KPUCMATIULECKAs peuemKa
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