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Thermoelectric properties of filled skutterudite

compounds Sm,(Fe;-,Ni,)sSb;s prepared under high pressure
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ABSTRACT

The efficiency of thermoelectric (TE) materials is determined by the dimensionless figure of merit
ZT=S’T/px, where S is the Seebeck coefficient, T is the absolute temperature, p is the electrical
resistivity, and « is the thermal conductivity. TE devices require both n-type and p-type materials. It is
important that both of them can be obtained from the same matrix with the same crystal structure
because small mismatch in the thermal expansion coefficient is important for fabricating a TE module.
Sb-based filled skutterudite compounds R74Sbi, have attracted considerable attention as one of the
best candidates of TE materials. Furthermore, both p-type and n-type filled skutterudite compounds
can be synthesized depending on the filling ratio of R atom and the partial substitution of 7 atom.
Recent studies of Smy(Fe1..Ni,)sSbi, indicated the p/n crossover and relatively high ZT value. In this
system, the TE properties can be tuned by the Sm filling ratio y and the substitution Fe/Ni content x.
However, the tunable range of the filling ratio y of Sm atom and Fe/Ni substitution ratio x is limited
by conventional synthesis methods. High-pressure synthesis (HPS) using multi-anvil press could
overcome this problem. This method enables to increase filling fraction of R atom in the filled
skutterudite structure in comparison to conventional methods. The optimized ZT in Smy(Fe1..Ni)sSbi2
could be achieved by carefully expanding the research areas of synthesis with tuning x and y.

In this study, we have tried to synthesize Smy(Fe1.xNix)aSbi. using the HPS method. The
structure and chemical composition of the samples were studied. The maximum value of
actual Sm filling ratio was y = 0.56 with actual Ni content x ~ 0.40 while y < 0.3 in samples
with similar x values prepared by conventional methods. By using HPS technique, we could
prepare Smy(Fe1.xNiy)sSbi> samples with various Sm filling ratio in spite of almost the same
Ni content. The p/n crossover determined by Seebeck and Hall coefficients was around x =
0.3 of Ni content. P-type and n-type skutterudites could be obtained by tuning Sm-filling
ratio and Fe/Ni content. The highest ZT value of 0.167 was achieved for n-type skutterudite
at room temperature. HPS using multi-anvil press made it possible to enlarge the variation
of TE material design. These results contribute development of next-generation TE

materials.
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