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Abstract: Grain refinement is an effective way to improve the mechanical properties of Bij sSb, sTe; based alloys.

However, the donor-like effect caused by the grain refinement during powder metallurgy severely degrades the

thermoelectric properties of the material, which limits the application of BiysSb;sTes-based alloys in micro
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thermoelectric devices. Therefore, in this study, focusing on p-type Bi, sSb; sTes-base alloy, the impact of grinding and
desorption atmosphere on donor-like effect and thermoelectric transport properties of sintered samples during powder
metallurgy process were systematically studied through experiments combined with theoretical calculations. Surface
defects V. and Vg, . generated by the grinding process of Biy sSb; sTes-based alloy, reacts with the adsorbed O, during
sintering process. This generates a large number of V7, vacancies and free electrons, leading to a donor-like effect and
a significant decrease in carrier concentration. The use of protective atmosphere (Ar atmosphere) during grinding to
avoid exposure to air or O, desorption under protective atmosphere after grinding effectively suppresses the donor-like
effect, maintaining high carrier concentration and electrical conductivity of the sample. Moreover, the performance is
stable up to 473 K. The samples treated in air or sintered using powder placed in air exhibit a significant donor-like
effect, and the carrier concentration decreases from 4.49x10" ecm™ to 3.21x10" c¢m™. The maximum thermoelectric
ZT of 1.03 is obtained at 402 K for the samples sintered with the powders treated under protective atmosphere, and the

overall average ZT,, reaches 0.92. This study provides a new avenue to regulate the donor-like effect of p-type
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polycrystalline Bi,Tes-based compounds and to optimize their thermoelectric properties.

K ey words: Bi,sSb, sTes; alloy; donor-like effect; carrier concentration; thermoelectric property
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(a) Powder XRD patterns of sintered samples with powders treated in different atmospheres, and

(b) XRD patterns of bulk samples measured perpendicular to the sintered pressing direction

®1 TASFLEMERESERZERTHINEETF(F). BS% (o). Seebeck ZH(S). R FRE (n).
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Tablel Orientation factor (F), conductivity (¢), Seebeck coefficient (S), carrier concentration (n), mobility (u),
total thermal conductivity(x), effective mass (m“Img), and thermoelectric value ZT of the samples treated with
different atmospheres at room temper ature and aver age thermoelectric value ZT e

Sample F  o/(x10°,Sm™")  S/(uV-K)  a/(x10"”,em?)  wiem® Vs /(Wm LK mUmg  ZT  ZThe
In-Ar  0.076 17.50 150 4.49 243 1.49 093 078 092
Out-Ar  0.074 15.55 160 3.88 249 1.45 091 082 086
In-Air  0.078 12.92 172 3.31 243 1.28 089 090 081
Out-Air  0.072 12.36 177 3.21 240 1.23 0.89 094 087
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Fig. 2 FESEM images for In-Ar sample along the direction (a)
perpendicular and (b) parallel to sintering pressure
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Fig. 3 (a) Backscattered electron images, (b) Bi, (c) Sb, and
(d) Te elemental distribution mappings on the polished surface
of In-Ar sample via EDS along the direction perpendicular to
the sintering pressure
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