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ABSTRACT
Thermoelectric Properties of Cobalt and Nickel Doped SIron Silicides

SAM SOPHEAP

A thermoelectric (TE) generator is a promising solid-state device that could harvest waste heat and
directly convert it as electricity without any moving parts and with no mechanical or gas pollution to the
environment. The TE performance of the device is mainly based on the TE materials. However, the
materials that could generate an acceptable conversion efficiency such as Bi and Pb compounds are
high-cost and toxic. f-FeSi; is an abundant and eco-friendly material and it is considered a potential
candidate for high-temperature application due to its ability to withstand oxidation and good thermal
stability. However, the TE performance of pure f-FeSi; is still limited because of high electrical resistivity
(p) and low Seebeck coefficient (S) owing to low carrier density (1) and bipolar effect. The increase in nn
and the reduction of the bipolar effect can be simultaneously achieved by doping with impurities having
more valence electrons. Since Cobalt (Co) and Nickel (Ni) have more valence electrons than Fe, the
increase in ny of f-FeSi, can be obtained by substituting Co and Ni to the Fe site. However, the carrier
mobility (un) decreases with increasing ny. Therefore, the purpose of this doctoral thesis is to optimize the
electrical properties for enhancing the TE performance of f-FeSi>-based material by the addition of Co and
Ni. The effect of Co and Ni on the structures and electrical and TE properties of S-FeSi, prepared by the arc
melting method and followed by the heat treatment process are reported in this study. The optimum doping
levels of Co and Ni for improving TE performance are reported.

This dissertation consists of six chapters. Chapter 1 is the introduction part that describes the
background of the research, the TE effect and structure of f-FeSiy, reviews of related studies, and the
objectives of the research. Chapter 2 is the experimental part that describes the fabrication and
measurement process. The phase identification was analyzed by the X-ray diffraction patterns at room
temperature and the crystal structure parameters were calculated by Rietveld refinement. The
microstructures were observed by scanning electron microscopy (SEM) and elemental compositions were
analyzed by energy dispersive X-ray spectroscopy (EDS) at room temperature. The electrical properties
such as ny and mobility (un) were measured at room temperature. The thermal conductivity (x) was
characterized from 300 to 600 K. The S and p were measured from 80 to 800 K. Chapter 3 reports the

effect of Co addition on the structure, electrical, and TE properties of f-Fe1.xCoxSi>. The metallic phase (e
2



and a-phases) increases with Co doping. The S of Co-doped samples is more uniform than the pure sample
due to the reduction in bipolar effect. The p and |S| decrease with increasing Co content due to the increase
in nu. The x slightly decreases with Co probably due to electron-phonon interaction. As a result, for the
Co-doped f-FeSi,, the highest ZT = 0.099 at 720-800 K is obtained in 3% Co doping. Chapter 4 reports
the effect of Ni substitution on the structural, electrical, and TE properties of f-Fe1.xNixSi>.The Ni addition
causes the formation of metallic e-phase and the solubility limit of Ni in the f-phase is about 1%. The S of
Ni-doped samples is more uniform than the non-doped sample due to the reduction in bipolar effect. Both p
and |S| decrease with increasing Ni doping due to the increase in ny. The x slightly decreases with Ni
substitution probably due to the increase in e-phase. As a result, for the Ni-doped f-FeSi», the highest ZT =
0.019 at 600 K is obtained in 0.1% Ni doping. Chapter 5 reports the effect of co-doping of Co and Ni on
the structural, electrical, and TE properties of p-FeSi,. By introducing Ni to the 3% Co-doped
S-Feo.97.xNixCo.03Si2, the un is improved and the p is further decreased, especially at high temperatures.
The |S] decreases because of the presence of the e-phase and the « is slightly reduced probably due to the
increase in porosity. As a result, the highest ZT is enhanced to 0.31 at 720 K. Therefore, co-doping of Co
and Ni is effective to optimize the electrical properties and consequently improves the TE performance of
[-FeSio. Chapter 6 is an overall summary, summarizing the results obtained in each chapter and describing

future issues.



