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In this thesis, the thermoelectric (TE) properties of group 13 elements (Ga, In, and TD)-filled skutterudites were
studied, with the goal of developing high performance TE materials. This thesis is composed of five chapters.
In the first chapter, the basic science, engineering, and theory of thermoelectrics were explained. Skutterudite
compounds of the composition MXs where Mis a metal atom such as Co, Rh, or Ir, and Xrepresents a pnicogen
atom such as P, As, and Sb have two cages per unit cell in the structure. When a third atom is incorporated into
the cage, the formula of the compounds becomes RZMiXi2, and this is referred to the filled-skutterudite. The &
atoms are weakly bonded with the other atoms of the cage structure and rattle within the cage, leading to
effective phonon scattering.

In the second chapter, the author tried to reduce the thermal conductivity of CoSbs by substitution of Rh for Co.
The TE properties of Coi-xRhiSbs (x = ~0.3) were studied. All samples indicated n-type semiconductor
characteristics. The Rh substitution for Co reduced the lattice thermal conductivity, due to the alloying
scattering effect which is the different mechanism from the rattling effect.

In the third chapter, the TE properties of single element-filled skutterudites were studied. The TE properties of
GaxCosSbiz (x= ~0.30), T1xCosSb1z (x = ~0.25), and T1{Co1yRh)4Sbis (x = ~0.20 and y = ~0.20) were examined.
Ga was filled only up to x = ~0.02 in GaxCo4Sbiz2. The Ga-adding into CoSbs slightly reduced the electrical

resistivity, the absolute Seebeck coefficient, and the lattice thermal conductivity. On the other hand, Tl was
filled up to x=~0.15 in T1«Co4Sbiz. Tl-filling increased the carrier concentration, drastically reduced the lattice
thermal conductivity, but did not affect the carrier mobility significantly. Consequently, the dimensionless
figure of merit Z7'was enhanced by Tl-filling; the maximum Z7 obtained for Tlo.25Co4Sb1z was 0.90 at 600 K. T1
is one of the most ideal filling atoms for enhancement of the TE properties of CoSba.

In the fourth chapter, the TE properties of double elements-filled skutterudites were studied. The TE properties
of Tlo 1InxCo4Sbi2 (x = ~0.30), Gao.2InxCosSb1z (x= ~0.30), and Gao sT1CoaSb1z (x=~0.25) were examined. Among
the three systems, the Tl-In-double filled system exhibited the best TE properties. Tl and In were filled up to x=
~0.09 in Tlo 1In+Co4Sbiz, and when exceeding the filling limit, In existed as nano-sized Inz:03 at grain boundaries.
Not only the rattling by the double-filling elements but also the nano-sized precipitates of Inz0s scattered
phonons effectively, leading to significant reduction of the lattice thermal conductivity. The maximum Z7Twas
1.2 at 700 K obtained for Tlo.1Ino3CosSbiz. The double-filling method is effective for enhancement of the TE
properties of CoSbs.

In the last chapter, the obtained results were summarized and suggestions for future works were proposed.
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