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NEW PHASE OF VARIABLE COMPOSITION IN THE TloTbTes-TloBiTes SYSTEM
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The phase equilibria in the TloThTes-TloBiTes system were investigated by using differential
thermal analysis (DTA), X-ray diffraction (XRD), microhardness measurements and its phase dia-
gram was constructed. It is shown that the system is not quasi-binary due to the peritectic melting of
TloThTes, but stable below the solidus. In the system found a new quaternary phase of variable

composition TleBi1xThxTes (0<x<1) with TlsTes structure.

Keywords: thallium-terbium tellurides, thallium-bismuth tellurides, phase equlibria, solid so-

lutions, crystal structure

Introduction

Heavy metal chalcogenides attracted in-
creased interest due to their interesting function-
alities, in particular, semiconductor, thermoelec-
tric properties [1,2]. Moreover, some of them are
also found to be topological insulators [3].

Ternary thallium chalcogenides, TlzAVTes
[Sn, Pb] and TlsBVTes [Sh, Bi] obtained in re-
spective systems are structural analogs of TlsTes
and form an important class of thermoelectric
materials with anomaly low thermal conductivi-
ty [4-7]. Particularly, TlsBiTes shows high ZT
value comparable to the state-of-the-art thermoe-
lectric materials [8].

New ternary compounds TlgLnTes (Ln-
Ce, Nd, Sm, Gd) were presented for the first
time by Babanly M. group [9, 10]. These com-
pounds are ternary derivatives of TlsTes struc-
ture type (Sp.gr. 14/mcm).

Phase equilibria in the TlsTes-TlsNdTes-
TloBiTes (1) and Tl.Te-TloNdTes-TloBiTeg (11) sys-
tems were investigated to obtain solid solutions
with TlsTes structure [11]. The systems are charac-
terized by formation of continuous (I) or wide (11)
areas of solid solutions with TlsTesstructure.

Later, a series of tellurides TlioxLnxTes
was synthesized, structurally characterized and
the thermoelectric properties determined by
Kleinke H. group [12-14]. The authors confir-
med the results of above mentioned works [9-
11] that these compounds are substitution vari-
ants of TlsTes.
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The highest ZT value of ~0.20 was obtained
for cold-pressing and sintering TlgosNdz1.o2)T€s
and TlggeSmyoi7Tes at ~550 K [13] and 0.21 at
581 K for TlgLaTes [12].

The TlgCeTes, TloPrTes and TlgThTes
compounds also were found to be paramagnetic
due to the presence of unpaired electrons [14].

In this work, the phase equilibria in the
TloTbTes-TloBiTes system for obtaining of sol-
id solutions with TlsTes structure have been
studied. It was assumed, that incorporation of
lanthanide to the crystal structure can improve
the thermoelectric properties and give the mag-
netic properties for obtained phases.

Experimental

Materials and syntheses. TlsBiTes and
TloThTes were synthesized from elements (Tl
granules, 99.99%; Tb powder, -40 mesh,
99.9%; Bi foil, -99.999 mass%, Te broken in-
gots, 99.99%), all purchased from Alfa Aesar.
To prevent a reaction between the ampoules
and the terbium, the syntheses were carried out
in graphitized ampoules. The elements were
weighed in the respective stoichiometric ratio
and then placed into silica tubes in that glove
box. The total mass of one ingot was 1 g. The
tubes were closed with a vacuum valve, and then
moved out of the box to a vacuum line, where
they were sealed under a pressure of approxi-
mately 10 mbar. The reactions were carried out
in these fused silica tubes by heating in a re-
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sistance furnace at 900K (TlsBiTes) and 1200K
(TloTbTes) for 3h, followed by cooling in the
switched-off furnace.

The TloLnTes compounds form by peri-
tectic reactions and it is difficult to achieve
equilibrium [10-12]. To accelerate the interac-
tion on interfaces, the obtained intermediate
ingot of TlgThTes was crushed to fine powders
using agate mortar and pestle, pressed into pel-
lets and again annealed at 700K. This process
was repeated until homogeneous compound
was obtained. The total annealing time of tablet
was ~1000h.

Retesting DTA and XRD showed homo-
geneity of both compounds, which agrees with
the data [7,11]. DTA showed that TlgBiTes
melts congruently at 830 K. Comparison with
previously obtained thermograms for other lan-
thanides [10, 11] showed two peaks in the heat-
ing curve of TloThTes, which are relevant to the
peritectic reaction at 780 K and its liquidus at
1110 K (fig.1).

Powder XRD pattern of the TlsBiTes and
TleTbTes compound were identical to that of
TlsTes. Unit cell lattice parameters were deter-
mined from a least-squares refinement. These
were a = 8.854(5), ¢ = 13.047(6) A, z = 2
(TlsBiTes) and a = 8.871(3)A and ¢ = 12.973(7)
A z =2 (TlgThTes). These are practically equal
with the literature data [15] for TlsBiTes and
slightly differ from literature data [13] for
TlgThTes. The lattice parameters evaluated
from the X-ray diffraction pattern are shown in
table.
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Fig. 1. The heating curve of annealed TlsTbTes
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The samples of the TlgThTes-TloBiTes Sys-
tem were prepared by melting from pre-synthe-
sized starting compounds in evacuated silica am-
poules. The total mass of one ingot was 1 g. The
synthesis was realized in a tube furnace. Ampoules
were heated to maximal temperature 1270 K, kept
at this temperature during 4 h and then were
cooled slowly to 700K and kept at this temperature
during 500 h. Finally, the furnace was switched
off. DTA and XRD analyses showed that mixtures
containing >60mol% TlgTbTes were not-homo-
geneous after the first heating. Therefore, the sam-
ples were ground and pressed into pellets under
argon, and reheated in fused silica tubes at 750 K
for a 500h.

Methods. Differential thermal analysis
(DTA), X-ray powder diffraction (XRD) and
microhardness measurements were employed to
analyze the samples. DTA was performed using
a NETZSCH 404 F1 Pegasus system with two
chromel-alumel thermocouples. The measure-
ment was performed between room temperature
and ~1400 K with a heating and cooling rate of
10 K min™. Temperatures of thermal effects
were taken mainly from the heating curves.
But, in the some samples thermal effects were
taken from cooling curves in order to determine
the onset of crystallization. The overall uncer-
tainty of the determined phase transformation
temperatures was estimated to be =1 K.

X-ray powder diffraction (XRD) data
were collected at room temperature in reflec-
tion mode using a Bruker D8 ADVANCE pow-
der diffractometer equipped with a Cu-target
tube and a diffracted beam graphite mono-
chromator.

Microhardness measurements were done
with a microhardnesmeter ITIMT-3, the typical
loading being 20 g.

Results and discussion. The phase dia-
gram of the TlgThTes-TloBiTes system (table,
fig.2) is characterized by formation of unlimited
solid solutions (). However, the system is non
quasi-binary due to the peritectic melting of the
TloTbTes compound. This leads to a primary
crystallization from the melt of other infusible
phase (X) in a wide composition range (0-35

—<»— [OKITAObI



48

THE REPORTS OF NATIONAL ACADEMY OF SCIENCES OF AZERBAIJAN, 2015, VOLUME LXXI, Ne3

mol% TIsBiTeg) and the formation on diagram
the L+X and L+X+0 phase areas. Due to the nar-
row temperature interval the L+X+3 area is not
experimentally fixed and denoted by dotted
lines.

Microhardness measurements confirmed
the phase diagram (fig.2b). As can be seen, the
curve of microhardness has a flat maximum,
which is typical for substitutional solid solu-
tions.

The formation of the unlimited solid solu-

tion in the TloTbTes-TloBiTes system is con-
firmed by XRD analysis (fig.2c). The XRD da-
ta of the alloys after annealing for about 200 h
at 750 K are presented in fig.3. Apparently, all
samples of this system have the same diffrac-
tion pattern typical to TlsTesz and differ from
each other by some displacement of the diffrac-
tion lines. The dependence of the lattice param-
eters of the composition obeys the Vegard’s
rule within the error limits.

Table

Some properties of initial compounds and solid solutions of the TleThTes-TlsBiTes system

Temperature Microhardness, Parameters of tetragonal lattice, A
Phase : MPa
of melting (K) a c

TleThTeg 780; 1100 1100 8,871(3) 12,973(7)
TlgBip2ThogsTes 783-803;1046 1215 8,867(4) 12,926(6)
TloBioaThosTes 790-815 1243 8,864(5) 12,962(8)
TloBioeTho4Tes 800-822 1230 8,860(4) 12,992(9)
TloBiosTho2Tes 805-825 1222 8,857(5) 13,025(8)

TIsBiTes 830 1200 8,854(5) 13,047(6)
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Fig. 2. Phase diagram of the TlgThTes-TlsBiTegs system
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Fig. 3. XRD patterns for different compositions in the TloTbhTes—TloBiTes system

Thus, for the first time, in the TloTbTee-
TloBiTes system found a new quaternary non-
stoichiometric phase with a tetragonal structure.
Based on respective characteristics of the initial
ternary compounds it can be assumed that the
TloBi1xThxTes (0<x<1) intermediate phase may
have thermoelectric and magnetic properties.

Constructed T-x diagram can provide
great opportunities to select compositions for
growing single crystals of 5-solid solution with
given composition from melt.

Conclusions

The phase diagram of the TlgThTes-
TloBiTes system has been constructed using var-
ious experimental methods. A wide range of the
substitutional solid solutions (3-phase) which
crystallize in TlsTescrystal type is formed in the
system.
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TleTbTes-TIoBiTes SISTEMINDO DOYISON TORKIBLI YENI FAZA

S.Z.imamaliyeva, T.M.Hasanli, i.R.9miraslanov, M.B.Babanh

Diferensial-termiki (DTA), rentgenfaza(RFA) va mikroborkliyin 6Sl¢iilmosi isullart ilo TleTbTes-TloBiTes
sisteminds faza tarazliglar1 6yronilmis vo faza diaqrami qurulmusdur. Gostorilmisdir ki, sistem TlgThTeg birlogmasinin
peritektik arimo xarakterino gors geyri-kvazibinardir, lakin solidusdan agagida stabildir. Sistemdo TlsTestipli tetragonal
qurulusa malik yeni dordkomponentli dayison tarkibli TlgBi1.xThyTes (0<x<1) fazasi agkar edilmisdir.

Acar sozlar: tallium-terbium telluridlori, tallium-bismut telluridlari, faza taraziiglari, bark mahlullar, kristal

qurulus

HOBASI ®A3A TIEPEMEHHOI'O COCTABA B CUCTEME TloTbTes-TloBiTes
C.3.MmamanueBa, T.M.T'acananbi, U.P.Amupaciaanos, M.b.badaunJibl

Mertonamu auddepenuuaibHoro-repmudeckoro ananmsa (ATA), pearrendazoBoro ananuza (POA) u usmepe-
HHEM MHKPOTBEPIOCTH H3y4YeHbI (a30Bble paBHOBecus B cucteMe TloThTes-TloBiTes u moctpoena ee daszopas mua-
rpaMma. YCTaHOBJICHO, YTO CHCTEMa HEKBa3MOMHApHA B CHIIY NEPUTEKTUYECKOrO Xapakrtepa IuiaBineHus TloThTes, Ho
cTabuiabHA HIDKE coiuayca. B cucteme oOHapy)keHa HOBasi deTBepHas (asza mepemeHHoro cocrasa T lgBiixThyTes
(0<x<1) co crpykrypoii TlsTes.

Kniouegvie cnosa: mennypudvl manius-mepous, mearypudvl maiius-6UcMyma, (azosvie pagHogecusi, meepovle
PpAcmeopsl, KpUCMALIUYeCKas CImpykmypa
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