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The phase composition and thermoelectric properties of solid solutions PbgSn,Ag,Te,y and
Pb14Sn,AQ,Tey are researched. Biphasic structure of the samplesisinstalled, which providing to low values of
thermal conductivity. Best samples have values of dimensionless thermoel ectric figure of merit ZT = 0,55.
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I ntr oduction

The main feature of thermoel ectric generators among
al other aternative sources of eectric energy is ther
autonomy and significant lifetime [1]. To produce active
elements TEG operating in the temperature range 300-
500 °C is the most widely used materials on the basis of
lead telluride. One of the main ways to improve their
thermoel ectric parameters in order to increase efficiency
is doping and creating of solid solutions. Thus, it is
necessary to increase the eectrical conductivity of the
material and the Seebeck coefficient and simultaneoudy
reducing the thermal conductivity.

In particular, in recent years system PbygAgiShiTey
are actively investigated [2-3]. In our studies [4-5],
attention was focused on the system Pb-Ag-Te, where
established composition in  which the thermal
conductivity =~ (0,002-0,003) W / (cm C). For undoped
PbTe this value in 2-3 times more. The reason for such
low values of k is biphasic structure of the samples is
caused by the formation of micro and nano inclusions of
argentum telluride. This paper presents the results of
research aimed at improving material conductivity
investigated in [4-5] by optimization of technological
conditions and additional introduction into the solution of
tin.

I. Methods of experiment

The synthesis of the materials carried out in
evacuated to a residual pressure of 10" Pa quartz
ampoules. The resulting ingots ground in an agate mortar
and separated fraction size (0.05 - 0.5) mm compressed
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under pressure (1-2) GPa. The resulting cylindrical
samples with d = 5 mm and 8 mm h =~ subjected to
annealing in air.

Phase composition and structure of synthesized
ingots and samples examined X-diffraction methods on
an automatic diffractometer STOE STADI P. Array of
experimental  diffraction was performed using the
software package STOE WinXPOW (version 3.03) and
PowderCell (version 2.4).

Seebeck coefficient o, specific conductivity ¢ and
therma conductivity k were determined as described in
[6, 7] methods.

Il. Resultsand Discussion

For research conducted the synthesis of solid
solutions of composition  PhieSnAgTe  and
Pb14Sn,AgTey. Phase composition similar to previous
studies materials system Pb-Ag-Te (Fig. 1): the main
phase PbTe, structural type NaCl; additiona phase is
AdioesTe;. For samples with lower tin content the unit
cdl is 6.4402 (2) A, and with more content -
6.4413 (3) A.

Technological factors prepare samples for measuring
thermoelectric parameters presented in the table 1 and
the results of measurement - Fig. 2 and 3. Based on their
analysis found that as aresult of isovalent replacement of
lead atoms on stannum atoms the carrier concentration
increases from the values ~ (1-3) 10" cm™ for samples
PbigsAGas, Texo (X,y = 0..1) to values (3-7) 10" cm™for
samples in this study. During this conductivity increases
not much but Seebeck coefficient value decreases from
300 mV/K for PbigAg.Tep to 200 mV/K  for
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Table 1
Technological conditions of preparation of test wmplgs of solid solutions Pby4SnAg Tex.
Pressure pressing, Time pressing, Annealing Annedling time, :
Sample ; temperature*, Fractions, mm
P, GPa t, min T °C t,h
1S, 1k 2 15 228 5 0.05-0.5
2S, 2k 2 30 320 2 0.05-0.5
3S, 3k 2 60 320 2 0.05-0.5
16-20 1,0 30 500 0,25 0.05-0.5
16-21 1,0 30 500 0,25 0.05-0.5
* - annealing was performed on air.
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Fig.1. The diffraction of solid solutions 001 gk
PbsSn,AgTex (XXIV) and PbyySnAgTeyn (XXIX)
(a) and fragment of diffraction where found reflections 2k
of additional phases (b). 0008 1
£
Pb14SnsAgTey. INcrease of pressing time and annealing -;?.UGGG
temperature to 320 °C does not improve significantly the = _
basic parameters of thermoel ectric material. 0,004 i J AR ¢
Qualitative improvement of the thermodectric tagle [
characteristics of the investigated materials achieved by e .
reducing the pressing pressure up to 1.0 GPa and the T a0 150 200 250 300 350
increasing of the annealing temperature up to 500 °C TC
(Fig. 3). In the composition with ahigh content of tin the C

specific conductivity at 300 °C is ~ 180 (Ohm cm)™?, the
Seebeck coefficient = 180 mV/K, and the coefficient of
therma conductivity is ~ 0.006 W/(cm K), which
provides thermoelectric figure of merit ZT =~ 0,55. The
holes concentration for this sample is 3.5 10 cm?,
which isin therange of optimal carrier concentrations for
thermoel ectric materias.
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Fig. 2. Temperature dependence of conductivity ¢
(@), Seebeck coefficient o (b) and therma
conductivity k (c¢) for samples PbySnAg.Tex
obtained by various technological factors (see
Table1).
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e ' inclusions is due to of additional phases. Another factor
0.0025 affecting the thermal conductivity of the pressed samples
is its density (k ~ p). Table 2 shows that with content
o increasing of argentum and especially of tin the density
00 e T, éw 0o of samples (determined by Archimedes method)
C decreases. It should be noted that the X-ray density
: — during this growing. And if in the first case, changes are
Fig. 3. Temperature dependence of conductivity o (a), ; ; )
Seebeck coefficient o (b) and thermal conductivity k observed_ln the flrst_dem mal plac_e, then the second - the
(c) for samples PbycSn,AgsTes, (sample 16-20) and second sign. Re_ducmg_the densut_y of_ pressed sampl_es
Pb..SNAG T ex (sample 16-21) annealed at 500 °C. was caused by increasing of their microhardness with

It is clear that the main factor determining the low

therma  conductivity

addition of tin and silver, which reduces the possibility of
further growth of density during compaction. So for
in materid  with argentum unanneded samples 16-20 (PbysSn,AQ: Tex)

Table 2

The dependence of the samples density from chemical composition and technological factors receipt *

Time Annedling . . X-ray
. . Pressure of i Annedling | Density :
Materia Sample Ne pressing, GPa prtirrllg, temFlE)e(r)?:ture time h glem? dgcsrl]:%/,
PbTe 1Sh 2 15 230 5 8.19 8.268
1Sa 2 15 230 5 7.90 8.2517
PbuAGs ez 15 2 15 230 5 7.0
PhbisSn,Ag,Tex 1Sa 2 15 230 5 7.88 8.3250
1S 2 15 230 5 7.75 8.3207
Pb,Sn,AgTex 2S 2 30 320 2 7.79
3S 2 60 320 2 7.87
Pb,Sn,Ag,Tex 1 1 30 500 0.25 7.05

* - for all sampleswith fractions - (0.05-0.5) mm.
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microhardness of 1033 MPa, whereas undoped PbTe
(XV) - = 350 MPa (load measurements were performed
at 300 gf, loading time 10 sec.). It should be noted aso
reduce microhardness of sample after annealing in air at
500 °C for 15 minutes to a value of 935 MPa. A similar
pattern is typical for density (Table 2.). But the increase
in porosity surface on the photomicrographs of the
samplenot observed (Fig. 4).

Conclusions

Replacement in crystal systems Pb-Ag-Tethelead to
the tin of causes increases in thermoelectric figure of
merit of the material. For samples Pbl4Sn4Ag2Te20
which obtained by pressing (pressure load is 1 GPa) and

followed by annealing (annealing temperature - 500 oC);
this technological factors made the dimensionless
thermoelectric figure of merit ZT = 0.55 at 300°C.
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HocnimkeHo (ha3oBuil CkIag 1 TEPMOCTICKTPHYHI BJIACTHBOCTI TBepaux po3uuHiB  PbisSnAgTex
Pb14SN,AQ,Tey. BeranosieHa 1Boda3HiCTh OTPUMAHKX 3pa3KiB, 110 3a0e3neuye OTPUMaHHs HU3bKUX 3HAYCHBb
koedinienta TemionpopigHocTi. g HalKpalyx 3pa3kiB JOCSATHYTO 3Ha4€Hb O€3pO3MIpHOI TepPMOENIEKTPHIHOL

nobpotHocti ZT =~ 0,55.

KirouoBi ci10Ba: Tenypu CBUHLIO, TBEP/i PO3UHHH, TEPMOECJICKTPHYHI BIaCTUBOCTI.
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