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Fig. 1. (color online) XRD patterns of samples before

and after sintering.
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Fig. 2. Variation of the sample grain size as a function

of sintering temperature.
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Fig. 3. SEM images of samples sintered at different temperatures.
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Fig. 4. Positron lifetime 71, 72, intensity I, and
average lifetime 7,y as a function of the sintering tem-

perature.

2.4

2.0

—a— SPS-300 —4A— SPS-400
—8— SPS-350 —w— SPS-450
SPS-500

K/W-m~1L.K-1

50 100 150 200 250
g/ C
B5 (IR 0) R AR R R4S %
Fig. 5. (color online) Thermal conductivity of samples

at different temperatures.
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Abstract

Bismuth telluride (BizTes) and its alloys are regarded as the best thermoelectric materials available nowadays at
room temperature and can be well prepared by using existing technology. In this paper, BizTes nanocrystals are prepared
by hydrothermal method and then treated by a spark plasma sintering (SPS) process at five temperatures of 300, 350,
400, 450 and 500 °C each for 5 min under a pressure of 20 MPa. X-ray diffraction (XRD) and positron annihilation spec-
troscopy are used to study the microstructures of the samples after SPS treatment at different temperatures. According
to the XRD patterns, the diffraction peaks of the as-grown powder are consistent with those indicated in the standard
card for BizTes, which confirms successful synthesis of BioTes powders. Scanning electron microscope images show that
the particles of all the samples take on flake-like structures, and the particle sizes increase from about 100 nm to a few
pm with the sintering temperature increasing from 350 to 500 °C. This suggests significant reorganization of nanograins
in sintering process, and some grains are agglomerated into larger particles. However, the grain sizes estimated from the
X-ray diffraction peaks show little change in all the samples sintered at temperatures between 300-500 °C. And most of
the grains have sizes around 30 nm. Positron lifetime spectra are measured for BizTes samples sintered at different tem-
peratures. The measurements reveal vacancy defects existing in all the sintered samples. With the increase of sintering
temperature, there appears no significant change in trapped positron lifetime (72). This suggests that the defect size
has no change during sintering. However, intensity I> decreases monotonically with increasing sintering temperature,
which indicates the lowering of vacancy concentration. The average positron lifetime shows a monotonous decrease with
increasing sintering temperature, which indicates the recovery of vacancy defects at higher sintering temperatures. The
thermal conductivity of the sample increases from 0.3 W-m™1-K~! to about 2.4 W-m~*-K~! with the sintering temper-
ature increasing from 300 to 500 °C. Since the lattice thermal conductivity dominates the total thermal conductivity,
it can be inferred that sintering at higher temperature leads to the increase of lattice thermal conductivity. According
to the positron annihilation lifetime result, the vacancy defects in the interface region gradually recover after sintering
at higher temperatures. This shows good correlation with the increase of lattice thermal conductivity, indicating that

vacancy-type defects are effective phonon scattering centers for BizTes.

Keywords: BisTes, positron, vacancy-type defects, thermal conductivity
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