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In recent years, with increasing energy demand, the effective utilization of industrial
waste heat has become important. Thermoelectric conversion technology, which can
recover thermal energy, has attracted attention. Low thermal conductivity is desirable
for thermoelectric materials. Many practical thermoelectric materials contain heavy
elements, resulting in low thermal conductivity. However, their use is limited due to
the rare element tellurium. In recent years, thermoelectric materials with low lattice
thermal conductivity, such as phosphides, which are abundant in natural resources,
have attracted attention.

The authors have experimentally investigated the thermoelectric properties of
AgeSi6SnsP12, a phosphide that has recently attracted attention and has lower lattice
thermal conductivity than AgeGei1oP12. In polycrystalline sintered bodies, AgeSieSnsP12
exhibited an extremely low lattice thermal conductivity of 0.5 W/mK at room
temperature. Sound velocity measurements suggest that the mean free path is on the
order of the interatomic distance. Raman measurements of single-crystal AgeSisSnsP12
revealed that AgeSieSn4P12 exhibited fourth-order phonon-phonon scattering and
scattering mechanisms of optical phonons originating from crystal defects. This is
believed to provide information about the scattering of short phonon mean free paths in
AgeSi6Sn4P12.

The difference in lattice thermal conductivity between AgeSisSnsPi2 and AgsGeioP12
was investigated by plotting the vector field of the difference in electron density
distribution. The vector fields around Ag atoms in each crystal structure are different,
and this difference is thought to reflect the degree of influence of Ag atoms on the
crystal structure. Compared to Ag on AgeGeioP12, Ag in AgeSieSn4Pi2 has a smaller
influence on its surroundings, which is thought to be related to the experimental ease
of Ag vacancies.

The thermoelectric properties of AgeSisSnsP12 1n composite morphologies were
investigated. It was suggested that the carrier density of AgeSieSnsPi2 changes in the
mixed phase. The decrease in carrier density of AgeSisSnsPi2 in the composite may be
due to the direct donation of holes to other phases or the exchange of Ag ions with other
phases, suggesting that the formation of the composite may optimize the carrier
density of AgeSieSnsP12 and improve the overall performance.
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