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Abstract Bismuth-telluride based (Bi,,Sb),Te, thermoelectric powders were fabricated by two-step plan-
etary milling process which produces bimodal size distribution ranging 400 nm ~ 2 um. The powders were
reduced in hydrogen atmosphere to minimize oxygen contents which cause degradation of thermoelectric per-
formance by decreasing electrical conductivity. Oxygen contents were decreased from 0.48% to 0.25% by the
reduction process. In this study, both the as-synthesized and the reduced powders were consolidated by the spark
plasma sintering process at 350°C for 10 min at the heating rate of 100°C/min and then their thermoelectric prop-
erties were investigated. The sintered samples using the reduced p-type thermoelectric powders show 15% lower
specific electrical resistivity (0.8 mQ-cm) than those of the as-synthesized powders while Seebeck coefficient and
thermal conductivity do not change a lot. The results confirmed that ZT value of thermoelectric performance at
room temperature was improved by 15% due to high electric conductivity caused by the controlled oxygen con-

tents present at bismuth telluride materials.
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Fig. 1. (a) SEM image of bismuth-telluride based thermoelec-
tric powders synthesized by two-step mechanical milling pro-
cess, (b) Powder size distribution showing bimodal behavior
and (c) XRD pattern of synthesized bismuth telluride based
powders showing Bi, Sb, ;Te, and Bi,Sb, ;Te, phases.
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Table 1. Comparison of oxygen contents in powders and thermoelectric properties such as relative density, electrical
resistivity (Rs), Carrier Concentration (Nb), Carrier Mobility (11) and Seebeck coefficient (o) of sintered bodies

Powders Sintered body
Oxygen Relative Rs Nb n o
Contents (wt%)  density (Q'm) (/em?) (cm?/vs) (LWV/K)
P-type Before Reduction 0.48 98.9% 0.953x10°  2.605x10"  2.551x10" 181.7
After Reduction 0.25 99.0% 0.800x107°  2.486x10"  3.161x10" 179.5

Journal of Korean Powder Metallurgy Institute



Py G| pagkiAErt LGS vAE 4% 139

Fig. 2. (a) Surface morphology of sintered body using
reduced powders in hydrogen atmosphere and (b) High
magnification image of the surface morphology in (a).
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Fig. 3. Comparison of XRD patterns between sintered
bulk materials and powders.
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Fig. 4. Changes in thermal properties by the reduction
treatment (a) heat capacity, (b) thermal diffusivity and (c)
thermal conductivity.
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Fig. 5. Comparision of normalized values of electrical
resistivity, Seebeck coefficient and thermal conductivity
before and after the reduction treatment.
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Fig. 6. Comparison of (a) power factors and (b) thermo-
electric performance (ZT) of Bi,,Te, [ Te, bulk materials
measured at room temperature.
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