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We studied a method to enhance the degree of grain orientation of Ca3Co4O9

thermoelectric oxide ceramics. Ceramic specimens were prepared by solid-
state reaction with different growth conditions. Large-grained Ca3Co4O9

powders were obtained by using ‘‘heavy-calcination’’ and ‘‘moderate-grinding’’
steps before pelletizing, and these large-grained powders contributed to the
enhancement of the degree of orientation. Scanning electron microscopy
(SEM) observation results showed that plate-like crystal grains were stacked
up in layers for the heavily calcined ceramics, while no such anisotropic
structure was found for those that were lightly calcined. x-Ray diffraction
(XRD) analysis also indicated that the specimen obtained by heavy-calcination
and moderate-grinding steps had a high degree of (002) orientation. The effect
of the heavy-calcination and moderate-grinding steps was clearly evidenced by
the electrical resistivity q. The electrical resistivity q at 700�C for the higher-
oriented ceramics was 73% of that for the lower-oriented ceramics. Since q was
reduced without deterioration of the Seebeck coefficient S, the power factor
(S2/q) at 700�C for the former was increased by 29% compared with that for
the latter.
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INTRODUCTION

Ca3Co4O9 is one of the most promising p-type
thermoelectric materials because of its high dimen-
sionless figure of merit1 ZT = S2T/qj, where S is the
Seebeck coefficient, T is the absolute temperature, q
is the electrical resistivity, and j is the thermal
conductivity. This material shows strong anisotropy
in its thermoelectric properties due to the layer
structure.2 Therefore, it is a desirable material for
fabricating grain-oriented ceramics for practical use.
When prepared by conventional sintering,3 the
degree of grain orientation of ceramics is apt to

deteriorate. So, some research groups have reported
fabrication of grain-oriented ceramics by the:
(1) magnetic alignment method,4 (2) hot-forging tech-
nique,5 (3) single-crystal composite method,6 and (4)
multisheet cofiring technique.7 These approaches
achieved improvement of the orientation degree by
innovations in the pelletizing or sintering process.
The approaches share a common feature: Ca3Co4O9

powders are prepared by the solid-state reaction
method before pelletizing; however, the preparation
conditions of the Ca3Co4O9 powders vary.

Some researchers have focused on the preparation
of Ca3Co4O9 powders. Mikami et al.8 reported the
validity of using large-grained Ca3Co4O9 powder for
producing grain-oriented Ca3Co4O9 ceramics. At
first, they prepared Ca3Co4O9 powders by solid-state
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