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Abstract

Thermoelectric (TE) materials have a potential for converting waste heat or heat loss every time an engine
runs, a machine operates, into electricity. This feature is beneficial to improve sustainable energy solutions, as
well as non-renewable source efficiency in a global. The efficiency of a TE device is determined by a temperature |

gradient across the device and a material’s performance called the TE figure of merit, z7. z7 is determined by

2T =80Tk , where S is the Seebeck coefficient, o is the electrical conductivity, T is the absolute temperature,

and x is the thermal conductivity (‘K = K, +K,,, the electronic and lattice contributions, respectively). z7'> 1 is

a target for the practical applications of TE devices for power generation. Key strategies to achieve this target are

increasing S and suppressing xia. Lately, half-Heusler (HH) compounds are capable of TE materials due to their
outstanding performance; excellent electrical properties, especially high S. However, to achieve a high-
performance module, not only z7 but high-temperature stability and compétibility of n- and p-type materials also
become vital parameters. ) k

In this thesis, I figure out that the NbFeSb compound is more stable than typical ZrCoSb at high-
temperature both in an inert atmosphere and in air. It could be concluded that NbFeSb is more suitable for p-type
HH TE material than ZrCoSb in the viewpoint of not only the TE properties but also the thermomechanical |
properties and high-temperature stability. Furthermore, I also studied the substitution effect on the TE properties
of NbFeSb substituted 10% Nb site with Ti, Zr, or Hf. In this case, the Ti-substituted sample is improved and’
exhibited the highest power factor and z7 values. ’

Secondly, I am searching for the nm-type HH compound that provided similar performance and
thermomechanical properties with my previous p-type for the fabrication of TE generator modules. In this part, I
focus on the NbossCoSb system, which exhibits extremely low lattice thermal conductivity and good TE
performance due to the Nb-site vacancies, introduce alloy disorder scattering. The results revealed that the Ti-
substituted system exhibits better performance in both TE and thermomechanical properties than the Zr- and Hf-
substituted systerris. Moreover, the Ti-substituted samples show excellent high-temperature stability in an inert
atmosphere up to 1073 K and in the air up to 773 K.

Then, to confirm the experimental results, we theoretically simulate a 2z-module based on the Nb-based
HH compounds of n-type Nbo.75Tio.1CoSb and p-type FeNbooTio.1Sb using the COMSOL code. The maximum
conversion efficiency of over 4.0% with the maximum power density of is 2.31 Wcm are obtained when the cold-
side and hot-side temperatures are 298 K and 773 K, respectively.

Finally, Nb-based HH compounds are developed through substitution, leading to high TE efficiency and
high-temperature stability. Furthermore, the compatibility of n- and p-type TE materials promote a HH TE module
with high-performance. I expect this study would lead to a novel strategy for practically useful in TE devices.
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