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Table 1. Orientation factor F value, density, and

relative density of sintered bulk samples perpendicu-
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Fig. 1. (a) Powder XRD patterns of BiyTe, 79Sej o, samples sintered with different particle sizes of powders; (b) bulk XRD patterns

of samples measured perpendicular to the pressing direction.
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Fig. 2. (a), (b) Field emission scanning electron microscope
images of fractured surfaces of the 10 M sample measured
perpendicular to and parallel to the pressing direction; (c) ba-
ckscattered electron images of polished surfaces of the 10 M
sample; (d)—(f) EDS elemental mapping of Bi, Te, and Se of
Fig. 2 (c).
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Abstract

Grain size refinement is the vital stratagem for improving mechanical properties of BiyTes-based
thermoelectric material. However, the donor-like effect induced by grain size refinement seriously deteriorates
the thermoelectric properties especially near room temperature. Once the donor-like effect is generated, it is
very difficult to eliminate the donor-like effect by the simple heat treatment process and other processes. In this
study, the influences of particle size on the donor-like effect and thermoelectric properties are systematically
studied for BiyTes;-based compounds. As the particle size decreases, the donor-like effect is enhanced
significantly. The oxygen-induced donor-like effect dramatically increases the carrier concentration from 3.36x
10 c¢m 3 for 10 M sintered sample to 7.33x10' cm 2 for 120 M sintered sample, which is largely beyond the

3

optimal carrier concentration of 2.51x10" cm™ and seriously deteriorates the thermoelectric properties.

However, when the particle size of the powder is 1-2 mm, the Seebeck coefficient of ~195 uV /K and the carrier

concentration of 3.36x10'Y cm™

near room temperature are achieved, which are similar to those of the ZM
sample with the Seebeck coefficient of —203 pV/K and the carrier concentration of 2.51x10 ¢m 3. The powders
without the obvious donor-like effect can be used as the excellent raw material for powder metallurgy process. A
maximum Z7T value of 0.75 is achieved for the 18 M sintered sample. The excellent thermoelectric properties are
expected to be obtained by enhancing the texture further. This study provides a new way to regulate and
effectively suppress the generation of the donor-like effect, and provides an important guidance for the

preparation of materials with excellent thermoelectric and mechanical properties by powder metallurgy process.

Keywords: BiyTes-based compound, particle size, donor-like effect, thermoelectric properties
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