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INFLUENCE OF Ag;Te ON TRANSPORT

The transport properties of (AgSbTez)o.9 (PbTe)o.1, namely, the electrical conductivity and the
Seebeck (S) and Hall (Ru) coefficients, are studied in the temperature interval 80-560 K. An
endothermic peak at 410 K is found by the differential scanning calorimetry (DSC). Sharp
changes in the temperature dependences of the electrical conductivity and thermoelectric power
in the region near 410 K are observed. The temperature dependence of Hall coefficient passes
through mazimum at ~200 K and has negative sign. It is shown that, these peculiarities are
due to the presence of the AgsTe phase. The thermoelectric Z-factor has the mazimum value

of 2.7x 1072 K~ at 400 K.

Keywords: thermoelectric material, endothermic effect, electrical conductivity, Seebeck

coefficient, Hall coefficient.

1. Introduction

Thermoelectric materials are used for the conversion
of thermal energy into electricity and in the solid-
state cooling [1-3|. These materials are characterized
by the energy conversion efficiency coefficient or Z-
factor. The high value of the Z-factor corresponds to a
high Seebeck coefficient, high electrical conductivity,
and low thermal conductivity.

The thermoelectric properties of the lead anti-
mony silver telluride have been investigated actively,
in [3-7]. AgPb,,SbTes,, is a highly effective ther-
moelectric material, which can be considered as
a combination of AgSbTes; and PbTe in the form
(AgSbTeq)(PbTe),,. PbTe is an excellent thermoelec-
tric material used in the thermoelectric power gen-
eration [1, 3, 8]. The ternary compound AgSbTes is

© S.S. RAGIMOV, M.A. MUSAYEV,
N.N. HASHIMOVA, 2021

ISSN 2071-0194. Ukr. J. Phys. 2021. Vol. 66, No. 11

also a good p-type thermoelectric material [1, 3, 9—
11]. AgSbTes and PbTe crystallize in the cubic lattice
structure, which allows the production of a series of
solid solutions.

To increase the thermoelectric characteristics
of AgSbTe;, we synthesized the composition
(AgSbTes)g.9(PbTe)g.1. In  this case, the crystal
structure will not change. The defects in the structure
are the scattering centers for charge carriers. This
leads to a decrease in the thermal conductivity, which
is very important for thermoelectric materials.

This paper presents the results of a study of the
transport properties of (AgSbTes)o.9(PbTe)g 1 in the
80-550 K temperature interval.

2. Experimental Details

2.1. Synthesis

The investigated (AgSbTes).9(PbTe)g 1 sample was
produced by the following method. The high-pu-
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Fig. 1. XRD pattern of (AgSbTes)o.9(PbTe)o.1

rity starting materials, namely, Ag (99.9%), Sb
(99.999%), Te (99.999%), and Pb (99.99%) were
weighed according to the nominal composition of
(AgSbTeq)g.9(PbTe)p.; and then sealed in an evacu-
ated quartz tube (10~2Pa). The synthesis was carried
out in a furnace at the 3 degree/cm temperature gra-
dient. The quartz tube was kept for 15 h above the
melting temperature (at 1123 K). Then it was slowly
cooled at a rate of «~~1 deg./min to room temperature.

The synthesized compound was controlled by the
DSC analysis and the powder X-ray diffraction tech-
nique (PXRD).

The DSC analysis of (AgSbTes)g.o(PbTe)g.1 was
carried out in the temperature interval from 173 K
to 573 K using a DSC 204F1 Phoenix setup of
NETZSCH-Geratebau GmbH (Germany). The NET-
ZSCH Proteus software was used to carry out a mea-
surement and to evaluate the data.

The analysis of X-ray diffraction spectra of the
studied (AgSbTesz)g.o(PbTe)o; was conducted for
phase identifications by using a powder X-ray diffrac-
tometer “D2 Phaser” with CuKl1 radiation (5° <
< 20 < 120°). The TOPAS-4.2 software (Bruker)
was used.
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2.2. Transport properties

The electrical conductivity, Hall effect, and thermal
power of the obtained material were studied in the
temperature interval 80-560 K. The sample for mea-
surements was made in the form of a rectangular bar
with dimensions of 2.5 x 5 x 12 mm?®. The measure-
ments were carried out with a direct current of 20 mA,
the 6-point method (2-current; 4- for measurements),
and the 0-1.5 T magnetic field.

3. Results and Discussion

Figure 1 shows the X-ray diffraction pattern of
(AgSbTes)g.9(PbTe)g.1. The X-ray diffraction analy-
sis showed that this composition has a face-centered
cubic lattice (space group Fm3m) with the lattice con-
stant a = 6.206 A.

On the X-ray diffraction pattern, in addition to the
main phase, some lines corresponding to AgsTe phase
are also observed. The results of the DSC analysis
of (AgSbTes)o.9(PbTe)g.; are shown in Fig. 2. Above
room temperature, a sharp endothermic peak is ob-
served in the ~423 K region. This endothermic pro-
cess begins at 420.9 K and ends at 426.6 K. This peak
corresponds to a phase transition in AgsTe.

ISSN 2071-0194. Ukr. J. Phys. 2021. Vol. 66, No. 11



Influence of Ags Te on Transport Properties

The authors of works [9, 12, 13] noted that the
second AgyTe phase is present in AgSbTes. In the re-
gion near 420 K, there is a phase transition of Ag,Te
from the a-phase to the S-phase [12]. The observed
endothermic effect is due to the structural phase tran-
sition in AgsTe.

Figure 3 shows the temperature dependence of the
electrical conductivity of (AgSbTes)o.9(PbTe)g.1. As
is seen, the value of the electrical conductivity is
slowly decreased up to 430 K.

The temperature dependence
features:

a) in the region 160-430 K, the electrical conduc-
tivity decreases;

b) in the region 400-420 K, the conductivity value
sharply decreases

¢) passing through a minimum at 440 K, it then
increases with the temperature.

The corresponding changes are also observed in the
temperature dependence of the Seebeck coefficient
of (AgSbTes)g.o(PbTe)g1 (Fig. 4). In the ~200 K
region, the growth rate for the Seebeck coefficient
slows down. Then, in the interval 400-420 K, the See-
beck coefficient sharply increases. At 440 K, it passes
through a maximum and then decreases, as the tem-
perature grows.

The sign of the Seebeck coefficient was positive in-
dicating p-type conduction in the whole investigated
temperature interval.

A sharp decrease in the electrical conductivity and
an increase in the Seebeck coefficient in interval 400—
420 K are due to the presence of the second AgsTe
phase.

The presence of AgsTe is confirmed by the fact that
DSC analysis shows an endo effect in the ~420 K re-
gion. Note that a structural phase transition also oc-
curs in the region of 400-420 K in other silver chalco-
genides [14].

The presence of the AgoTe phase affects the
temperature dependence of the Hall coefficient of
(AgSbTeq)o.9(PbTe)g.1 differently. Figure 5 shows the
temperature dependence of the Hall coefficient of the
studied sample. The Hall coefficient increases in the
interval 80-200 K, passes through a maximum in the
region about 200 K, and then decreases, as the tem-
perature increases. The sharp change in the Hall co-
efficient is observed at 410 K. Note that the sign of
the Hall coefficient was negative (with a positive sign
of the Seebeck coefficient). Such a difference between

reveals several
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Fig. 2. DSC curve of (AgSbTez)o.9(PbTe)o.1
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Fig. 4. Temperature dependence of the Seebeck coefficient of
(AngTe2)0_9(PbTe)0‘1

the signs of the Hall and Seebeck coefficients was pre-
viously observed in AgSbTes [9, 13, 15]. A similar de-
pendence is also observed in the temperature depen-
dences of AgSbTes. According to [9], the difference
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Fig. 5. Temperature dependence of the Hall coefficient of
(AgSbTez)o.9(PbTe)o.1

between the signs of these two coefficients in AgSbTes
occurs above ~55 K. At temperatures below ~55 K,
both these coefficients have a positive sign. The Hall
coefficient in the temperature interval 4.2-40 K is in-
dependent of the temperature. Further, as the tem-
perature increases, the Hall coefficient changes the
sign from positive to negative at 55 K.

We believe that the difference in the signs of the
Seebeck and Hall coefficients in (AgSbTez)o.9(PbTe)o 1,
as in the case of AgSbTe,, is due to the presence of
the Ags,Te phase.

The Seebeck coefficient in the two-carrier system is
defined as:

g Seenpie + Shpnuh_ (1)
He + Hh

Here, e is the charge of the carrier; p and n are the
partial carrier concentrations; u. and u are the elec-
tron and hole mobilities; and S, and .S}, are the par-
tial electron and hole Seebeck coefficients. As is seen
from (1), the Seebeck coeflicient is the sum of first-
order terms of the carrier mobilities.

However, the Hall coefficient is defined as the sum
of quadratic terms of the carrier mobilities:
Ry = —TL,U% +p/'l’%b. (2)

—Nfle + Dlh

Note that, the Seebeck coefficient is determined by
the major carriers. Due to the high electron mobility,
the Hall coefficient changes the sign from positive to
negative.

Thus, the Hall coefficient can have a sign opposite
to that of the Seebeck coefficient, when the mobility
of electrons is much higher than the mobility of holes.
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The energy conversion efficiency of thermoelec-
tric materials is characterized by the Z-factor Z =
= 5%0/k, where S, o, and k are the Seebeck coeffi-
cient, electrical conductivity and thermal conductiv-
ity. As is seen, to increase the Z value, it is necessary
to reduce the lattice thermal conductivity and to in-
crease the electrical conductivity and Seebeck coef-
ficient. On the base of experimental data, we have
estimated the Z-factor at various temperatures. The
calculations show that, the maximum value of Z =
= 2.7 x 1073 K1 is attained at 400 K.

4. Conclusions

The endothermic effect due to the presence
of AgyTe is detected on the DSC curve of
(AgSbTes)o.9(PbTe)p.1 at ~420 K. It is shown that
the detected maximum in the temperature depen-
dence of the Hall coefficient at ~200 K and sharp
changes in the Seebeck coefficient and electrical con-
ductivity in the interval 400-420 K are due to the
presence of the AgsTe phase in (AgSbTes)g.o(PbTe)g 1.
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C.C. Pazimos, M.A. Mycaes, H.H. I'awumosa

BIL/IUB Ag,Te HA TPAHCIIOPTHI
BJIACTUBOCTI (AgSbTey)o.0(PbTe)o 1

Busueno tpaucmoprai Biacrtusocti (AgSbTes)o,9(PbTe)o 1,
Taki fIK eJIEKTpUYIHA NPOBigHiCTh Ta KoedimienTn 3eebeka (.S)
i Xomma (Ryg) B inTepsani temmneparyp 80-560 K. Is zacto-
CyBaHHSIM MeTOony JaudepeHIjiaJbHOl pacTpoBOl KajopuMeTpil
3HaligeHo eggorepmivnmii mik npu 410 K. Croocrepexkeno pis-
Ki 3MiHK TeMIlepaTypHUX 3aJI€2KHOCTEl eJIEKTPUTIHO] IIPOBiTHO-
CTi Ta TEPMOEJEKTPUYHOI ToTy>KHOCTI o6y 410 K. Sase-
KHICTb Koedinienta Xosaa Bif TeMmepaTypu Mae MAKCHMYM
npu ~200 K i meraruBumii 3uak. Ilokazano, mo mi ocobJiu-
BOCTI 3aBas4yioTh npucyTHocTi dasu AgsTe. TepmoenexkTpu-
ugnuit Z-hbaxTop Mae MaKCHMajbHe 3Hadenns 2,7-1073 K1

npu 400 K.

Katwwoei caoe6a: TEPMOETEKTPUYHUI MaTepiaj, eHIoTep-
MiuHHE edEeKT, eJIeKTpUTIHA IPOBigHICTE, KoedirieHT 3eebeka,
koedimient XoJsua.

987



