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Abstract of Thesis

Reduction of thermal conductivity has enabled significant advances in a wide variety of fields
including thermal/environmental barrier coatings, thermoelectric, and refractory materials because low
thermal conductivity is a primary issue in the improvement of efficiency in those applications. Utilized
in many of these applications are a class of materials known as semiconductor and insulator. In these
materials, thermal conductivity is mainly dominated by phonons (or lattice vibrations). Phonons—dominated
thermal conductivity can be controlled by phonon scattering process. Alloying has been generally
considered as phonon scattering sources in reducing thermal conductivity. The purpose of this study is
to reduce thermal conductivity. Further reduction in thermal conductivity was studied by various
scattering such as anharmonicity, vacancies, and ordering vacancies.

In the first chapter, I introduce the theoretical background of thermal transport together with
the most important theoretical concepts used throughout this thesis

The second chapter summarizes the experimental methods used to prepare and characterize the
material investigated in this thesis. The first section describes the sintering techniques, namely solid
state sintering and spark plasma sintering. In the second section, the measurement techniques applied to
study the material properties are discussed

In the third chapter, thermophysical properties of barium and bismuth doped lanthanum molybdate
(LasMos09) were investigated. The first section introduced LasMos0y compound and provide thermal properties.
In second section, thermophysical properties of Ba—-doped LasMo,09 was systematically evaluated and analyzed
using empirical thermal conductivity model based on Klemens—Callaway model. The effect of Ba substitution
on thermal properties was discussed focusing on vacancies. The thermal conductivity decreased by 9% with
the Ba content, as compared to LasMo;0y. The third section evaluated and analyzed about thermophysical
properties of Bi—doped LasMo,09 by empirical thermal conductivity model. The effect of Bi substitution on
thermal properties was discussed focusing on changes in lattice anharmonicity induced by lone pair
electrons. The thermal conductivity decreased by 24% with respect to non—doped LasMos0s.

In the fourth chapter, the correlation between the thermal conductivity and the defect type in
TiO,, including point (randomly distributed oxygen vacancies) and planar defects (ordered oxygen
vacancies) was studied as a function of the 0/Ti ratio. Two series of the TiO,, samples having point or
planar defects were prepared by different heat treatment procedures. The effects produced by the presence
of point and planar defects on the properties of non—stoichiometric TiO,, was investigated. The thermal
conductivity of TiO,-, with planar defects was approximately 22% lower than TiO,-, with point defects.

In summary, the effect of various scattering mechanisms (e.g., anharmonicity, oxygen vacancies
(random or ordered)) on thermal conductivity was compared by frequency dependent relaxation time. The
average reduction in thermal conductivity of each effect was calculated as compared to LasMos09. The
effect of randomly distributed and ordered oxygen vacancies and enhancing the anharmonicity was 27-34%
larger than alloying effect

The results in each of the studies discussed will provide valuable insight into the role of

reduction of thermal conductivity in applications and can apply to environmental/thermal barrier coating,

thermoelectric, and refractory designs for the development of high—-performance materials
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