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Abstract of Thesis

Thermoelectricity is one of the promising concept significant to the waste heat recovery system
towards managing issues on energy resources. It allows the wasted heat to be directly converted to
electricity. This thesis focuses on the newly introduced semiconducting B -FeSi,/Si based composites as
a potential thermoelectric (TE) material. The new idea is initiated by utilizing eutectoid decomposition
process of high temperature a-Fe,Si; phase producing J-FeSiy/Si duplex phase. This counters the issue
on the long production process of B -FeSi, originated from the peritectoid reaction of a—Fe;Sis; and &—
FeSi phases. At the same time, the coexisting of Si is expected to precipitate finely, small enough to
help reduce thermal conductivity (k). The aim to clarify the process viable in improving both electrical
and thermal properties is focused towards enhancing the thermoelectric (TE) performance of B -FeSi./Si
based composites.

Chapter 1 introduces this work by discussing the (1) the fundamentals of TE, (2) selection of TE
material and (3) strategies constructed towards enhancing TE performance value (ZT value)

Chapter 2 initiates the attempt of synthesizing B -FeSis/Si composite. The annealing conditions
viable for decomposition of a-Fe;Sis producing f-FeSiy/Si composites is observed at 800°C for 4 h. The
evaluation from electrical and thermal properties of J-FeSiy/Si composite shows a high value of
electrical resistivity (p) and &, unfavorable for TE performance enhancement. This is possibly due to
the precipitations of Si. However, the ZT value is significantly enhanced when compared to the single
phase B -FeSi, and Co doped B -FeSi, because of the scattering character in [ -FeSi,/Si composites
Furthermore, Si phase itself has a high value of Seebeck coefficient (S).

Chapter 3 discusses the attempt to improve o of f-FeSiy/Si composite by introducing Co as dopant
within the main phase of [ -FeSi,. We found that doping of Co did not affect the fine precipitations of
Si within the main B -FeSi, phase and Co helps reduce p value significantly. However, both » and «
values of composite are still higher than that of the Co doped B -FeSi, single phase ones.

Chapter 4 discusses the attempt to further improve o of Co doped B -FeSi,/Si composite by doping
of P in secondary phase Si. We found that P could not be distributed uniformly within the Si secondary
phase. However, the p is greatly reduced when P is doped. The intervention of P in Si phase also helps
reduce £ of this composite

Then, efforts to further reduce & of composite by minimizing the size of Si is discussed in chapter
5. We added Cu to Co doped f-FeSi,/Si composite resulting to the reduction of Si size reaching less
than 100 nm in size, thus reducing its « value.

We tried to clarify the effects on annealing conditions towards phase transformation rate of fS-
FeSi,/Si based composites in chapter 6. We found that composites with Cu transformed more rapidly than
composites without Cu in them. These findings will be useful for future attempts in setting the best
annealing conditions to obtain fJ-FeSiy/Si based composite with the most significant microstructure
towards enhancing its TE performance attributed by the distinct reduction of «.

In chapter 7, we conclude that — (1) jointly doping of Co and P improves electrical properties, (2)
adding Cu reduces « from the reduction of Si size, (3) quantitative evaluation on annealing conditions
may help achieve microstructure essential for further reduction of 4. This enables us to provide

significant indications of the process achievable towards enhancing TE performance
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B, HEIESCEFE LY, BERF 2 0 b REORFIHBANS KEFICH SN TR Y | S—EK B TR
BEREN., CHOHEARARBERZRXNLF—E LTERT DY A VNV AT ADO—2E LTHEAIN TN D
AFIETIE, BT AT DTBWTEAEBRHRF STV B B -FeSiy R EHIX L, Si fHEEAIL L7z B -FeSiy/Si =
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%1 BT, AFREOERRBLOEMIZONTIRRTWD, B -FeSi, Rk k& .l & LI-BEL B EHI BT 216
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%2 T T, o FeSis DO MEEFIFAT 2 Z LI2E Y B-FeSiy/Si ARV y M EZAR L, ORI
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{ERFIREL 725 Z L B LN LTV A,
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