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High-pressure synthesis and thermoelectric properties of partially
filled skutterudite compounds Yb,Rh,;Sbis
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ABSTRACT

Thermoelectric (TE) materials have been utilized for power generation devices by the
direct conversion of waste heat into electrical power. The efficiency of TE materials is
determined by the dimensionless figure of merit ZT=S*T/px, where S is the Seebeck
coefficient, 7 is the absolute temperature, p is the electrical resistivity, and x is the thermal
conductivity. CoSbs-based skutterudite compounds have attracted considerable attention
as one of the best candidates of TE materials. Although CoSbs shows excellent
thermoelectric properties, x is very high. The reduction in x for a partially filled CoSbs-
based skutterudite is one promising method for improving the TE performance. Partially
filled skutterudite compounds with high filling ratio are expected for high-performance
TE materials. High pressure benefits the entrance of guest ions into the voids of the filled
skutterudite structure than ambient pressure. Among binary skutterudite compounds,
RhSbs is another promising TE materials. However, only a few studies have been
conducted on the TE properties of partially guest ion filled RhSb3-based compounds.

In this study, we have tried to synthesize partially filled skutterudites Yb.Rh4Sbi2 using
a high-pressure and high-temperature (HPHT) synthesis method. The structure and
chemical composition of the samples were studied and the actual Yb filling ratios were
estimated. The electrical and thermal transport properties were studied for selected
compounds.

The actual filling ratio x of Yb was estimated by scanning electron microscopy (SEM)
with energy-dispersive X-ray spectrometry (EDX). SEM—EDX result indicates that the
maximum x values of Yb can be increased to 0.45. This value has been considered to be
higher than any Yb,Rh4Sbi> reported thus far. The electrical resistivity, thermal
conductivity, and Seebeck coefficient measurements of the compounds were performed
from 2 to 700 K. The Seebeck and Hall coefficients of Yb-filled samples exhibited the n-
type conductor behavior. The maximum Z7 values of Yb,Rh4Sbi2 were determined to be
0.1 at 420 K. The power factor value is significantly large (more than 10 Wm™K?) at a
wide temperature range between 250 K and 450 K. These results contribute development

of next-generation TE materials.
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