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Abstract of Thesis

Thermoelectric is a technology dealing with direct conversion of thermal waste energy into
electrical power. The efficiency of thermoelectric energy generator is restricted by dimensionless
figure of merit (Z7). Thermal conductivity reduction is needed to achieve high ZT while maintaining or
increasing the electrical properties. The purpose of this study is to propose a new material fabrication
method which enables thermal conductivity reduction without degradation of electirical properties, using
both melt-spinning (MS) rapid solidification technique and eutectic phase separation.

In the first chapter, thermoelectric conversion, theoretical background of thermoelectric
properties, solidificaticn techniques and eutectic phase separation are described and the literature
data are reviewed. Based on the above, a newly proposed fabrication method and the purpose of this study
are introduced.

The second chapter explains the methodclogy to synthesize and characterize the materials used in
this research. The first section describes the preparation methods of arc-melting (AM) and quench-
melting (QM) technique for the ingot, MS for rapidly cooled thin ribbons/flakes, and spark plasma
sintering (SPS) for the densification. The second section describes the measurement technique of
thermoelectric and physical propertiies

The third chapter demonstrates the fabrication of p-type S5i/CrSi» eutectic alloy by using MS
technique. The eutectic lamellar spacing size is downsized to the nanometer range. Decreasing the
rotation speed increases the average spacing, which confirms that this fabrication technique can control
the size and produce nanostructured composite thermoelectric materials. It is confirmed that the thermal
conductivity can be reduced by 65 %, which results in the enhancement of Z7 value.

The fourth chapter investigates bulk stype S$i/CrMnSis eutectic alloy by adopting MS technique and
8PS process. High density bulk samples have been produced from the melt-spun ribbons. The MS-SPS sample
microstructure is effectively refined compared toc AM-SPS sample even though grain growth occurs through
the sintering process. Through the microstructure refinement, thermal conductivity decreases but the
power factor is not deteriorated in spite of the high density interfaces between the Si and silicide
phases. The results indicate that the M5~SPS processes can produce clean interfaces, which is preferable
for thermoelectric performance.

The fifth chapter investigates Bi-Sb alloy and InSb eutectic composite fabricated by MS-SPS. The
submicrometer—-sized composites are successfully obtained, The structure can reduce the thermal
conductivity by 35 % and slightly increase the Z7 value. This confirms that the new fabrication technique
can be applied to various thermoelectric material systems.

The sixth chapter summarizes the overall development on the self-assembly fabrication processes
using eutectic phase separation, rapid solidification and SPS. It is concluded that the new fabrication
technique can provide fine nanostructured composites and is promising method to improve the

thermoelectric performance.
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