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ABSTRACT

Thermoelectric (TE) materials are materials that can transfer heat into
electricity or vice visa directly. The efficiency of TE materials are evaluated
by a dimensionless figure of merit 77, defined as Z7=S*7/ p x, where 7T is the
absolute temperature, S represents the Seebeck coefficient, o is electrical
resistivity, and & is the total thermal conductivity (4 =44 £, where £y
and x;are the electrical and lattice contribution, respectively). Following
with Slack’ s ideal TE material “Phonon Glass and Electron Crystal” concept,
a binary skutterudites compound CoSbs, which has a cubic unit cell ( -3)
with two fillable interstitial voids, has been intensely pursued as one of the
most promising TE material owing to its flexibly tunable physical properties
and excellent thermoelectric properties. However, its thermal conductivity «
is too large for a good TE material. It is believed that filling atoms,
especially small and heavy atoms inside the interstitial voids, can remarkably
decrease the lattice thermal conductivity «,. Yb has been proved as one of
the most efficient filler for its low-vibration frequency that favors the

maximum reduction of the x,. Unfortunately, the filling fraction of Yb is



limited around 0.2 by conventional synthesis method at ambient pressure.
High-pressure synthesis technique has an advantage to tune widely the
composition of CoSbs based skutterudites

In this study, we have tried to synthesize Yb,Co4Sbi, with a high filling
rate x by high—-pressure synthesis technique. The results of the electron probe
micro analysis indicate that the actual Yb filling fraction x is improved to
0.29. The lowest x, of 2.02 W/m-K (28% of CoSbs) is achieved in Ybg. 29C04Sbys.
On the other hand, the Seebeck coefficient S was decreased due to its high
carrier concentration. To further optimize the figure of merit, the excess
electrons in Yb,CosSbis need to be compensated. Therefore, the optimized
Yb-filled Fe-substituted compounds Yb,Fe,Co4-,Sbis (0<y<1) were synthesized and
the corresponding thermoelectric properties were also studied in detail. The
optimized figure of merit Z7of 0. 12 at 300 K was achieved in Ybg. 3Feq 2Cos.8Sb1.s,
which is 12 times higher than that in CoSbs;.

In this study, using high-pressure synthesis method, we have succeeded in
synthesizing filled skutterudite compounds with high filling ratio and
improved their thermoelectric properties. The results contribute development

of next—generation thermoelectric materials.
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