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Abstract

Highly dense p-type BigsSb;¢Tes thermoelectric materials were
fabricated by a combination of mechanical alloying and vacuum hot
pressing technique. The nanostructured Biy4ShygTe; particles was
prepared by mechanical alloying of Bi, Sb, and Te elemental powder
mixtures. The micro scale Big4Sh; sTez particles were formed by crushing
the zone-melting Big4Sby¢Tesingot into granular powders and sieved into
particles about 106~250um with 60~140 mesh stainless sieve. Their
mixtures at different ratios were consolidated by vacuum hot pressing to
produce nano-/microstructured composites with the same chemical
compositions. From the measurements of Seebeck coefficient, electrical
resistivity and thermal conductivity, the calculated ZT value up to 1.19
was achieved at 100°C for the sample containing 40% nanostructured
Biy4Sh; ¢Tez powders. The achieved higher ZT value is attributed to the
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unique micro/nanostructures which reduce the thermal conductivity
effectively. The as-prepared micro/nanostructured p-type BigsSby¢Tes
alloy can serve as a high performance thermoelectric material.
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Table 1 Sample designations and parameters of vacuum hot pressing for
Bio.4Sb; ¢ Tes thermoelectric composite powders.

-type Big4ShisTe
Rk PP | BloeSbisls | wopmeny | sumpe | svEsmes | suemesn
LTS Powder
-type f&iE /10 wt.%
PrvRe o 90% 10% 2h 0.7GPa | 300C 1h
B|0.4Sb1.6Te3
-type f&iE /10 wt.%
PrvRe o 90% 10% 2h 0.7GPa | 400C 1h
B|0.4Sb1.6Te3
-type &% /40 wt.%
PP .EE 60% 40% 2h 0.7GPa 300°C 1h
BI0,4Sb1,6T63
Bi0.4Sb1.6Teg - 100% 2h 0.5GPa 3OOOC 1h

*p-type-ingot ( Bio.4Sb16T€3+5 (5= 0.14))
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Fig. 1 XRD patterns of mechanically alloyed Big 4Sb; ¢ Tes powder fabricated
from different starting materials.
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Fig. 2 XRD patterns of Bip4Sb; g Tes bulk specimens consolidated with
different vacuum hot pressing conditions.
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Fig. 3 SEM image of 60% ingot / 40 % powder Big 4Sh1 s Tes bulk specimens
consolidated by vacuum hot pressing at 300°C under 0.7 GPa for 1h.
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Fig. 4 SEM image of BigsSh;gTe; particles formed by crushing the
zone-melting Big 4Sb; s Tes ingot.
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Fig. 5 SEM fractography of 60% ingot / 40 % powder Big4SbhisTes bulk
specimens consolidated by vacuum hot pressing at 300°C under 0.7 GPa for 1h.
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Fig. 6 SEM fractography of 90% ingot / 10% powder Big4Sb;sTes bulk specimens
consolidated by vacuum hot pressing at 400°C under 0.7 GPa for 1h.

Big4Sb, sTe,

Fig. 7 SEM fractography of 90% ingot / 10% powder Bip4Sbh;sTes bulk specimens
consolidated by vacuum hot pressing at 300°C under 0.7 GPa for 1h.
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Fig. 8 Temperature dependence of the thermoelectric properties for the Big4SbigTes bulk
specimens with different ingot/powder ratios.
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Fig. 9 Variation of the ZT values as a function of temperature for the hot pressed
Bio.4Sby ¢ Tes bulk specimens with different ingot/powder ratios.
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