Creation of Highly Efficient Thermoelectric Oxide Materials with Layer Structures
through Self-assembly Texturing

16

14

15

16

17

18

27,000

31,400

14,400

6,000

6,200

85,000




1. Random-oriented
n 100 % r.d.
ZnO—1In203 ZT=0.07(1073K)
RTGG
ZT 2. RTGG-textured
100 1,073K 90 % r.d.

0.07 ZT=0.13

0.33 3. RTGG-textured + HIP
P 100 % r.d.
ZT=0.32

Ca-Co-O
4, Y-substituted

RTGG-textured
80 90 % r.d.
Ca-Co-0O ZT=0.33

ZnInO
Lotgering

99
in-plane out-of-plane

Z in-plane 1,060K
ZT=0.26 1

Zn-In-0O

N

RTGG(Reactive Templated Grain Growth)

XRD TEM
Ca-Co-O
I :> W CaCOs; rraag Co0O;layer
s O
Ca,CoO4

B-Co(OH), C0304 $:> Y,
(Templates) = CoO;layer

n Cam+1MNmO3zm+1

m La,Y
m 3 Z 2 Zn-In-O
Ca-Co-O Z

2 Zn-In-O




N

N

ZnO-1n203
ZT=0.33 [Ca2C003]0.62[C002]
Zn0O-1n203
out-of-plane 100
in-plane
Y) In

16

([Ca2C003]0.62[C00O2])
RTGG
N  ZnO-1n203 1,073K
1,060K ZT=0.26

(Zn0)s1N203 in-plane
Power factor
in-plane
ZT 0.5
Zn0O-1n203 S,p




1)J. W. Moon, W. S. Seo and K. Koumoto, Effects of Doping on Thermoelectric Properties of Rare-Earth Cobalt
Oxides”, Key Eng. Mater., 214-215, 87-92 (2002).

2)S. Isobe, T. Tani, Y. Masuda, W. S. Seo and K. Koumoto,”Thermoelectric Performance of Yttrium-substituted
(Zn0O)s1n203 Improved through Ceramic Texturing”, Jpn. J. Appl. Phys., 41, 731-732 (2002).

3)D. Nagahama, Y. Masuda, T. Yonezawa and K. Koumoto,”Thermoelectric Properties of Textured Ceramics of
Co-Containing Layer-Structured Oxide”, Key Eng. Mater., 228-229, 155-160 (2002).

4)S. Isobe, Y. Masuda, S. Hirano, T. Tani and K. Koumoto,”Thermoelectric Properties of Highly Textured Zn-In-O
Ceramics”, Key Eng. Mater., 228-229, 161-166 (2002).

5)S. Hirano, S. Isobe, T. Tani, N. Kitamura, 1. Matsubara and K. Koumoto,”Electrical and Thermal Transport in
Layer-Structured (ZnO)mIn203 (M=5 and 9) Ceramics”, Jpon. J. Appl. Phys., 41, 6430-6435 (2002).

6)Y. Masuda, D. Nagahama, H. Itahara, T. Tani and K. Koumoto,”Thermoelectric Performance of Bi- and
Na-Substituted CasCo4O9 Improved through Ceramic Texturing”, J. Mater. Chem., 13, 1094-1099 (2003).

7)C. H. Pai and K. Koumoto,"The Effect of Powder Oxidation on the Thermoelectric Properties of Beta-FeSi2”, J. Kor.
Ceram. Soc., 40(11), 1106-1112 (2003).

8)O. Malochkin, W. S. Seo and K. Koumoto,”Thermoelectric Properties of (ZnO)sIn203 Single Crystal Grown by a
Flux Method”, Jdpn. J. Appl. Phys., 43(2A), L194-L.196 (2004).

9)O. Malochkin, W. S. Seo, Y. Ono, T. Kajitani and K. Koumoto,”Anisotropy in Electrical Conductivity of (ZnO)sIn203
Single Crystal Grown by a Flux Method”, J. Ceram. Soc. Japan, in press.

10)W. S. Seo, Y. J. Lee, Y. H. Lee, D. Nagahama, Y. Masuda and K. Koumoto,”High-Resolution Transmission
Electron Microscopy Study of Silicon Clathrate Compound BasNisSi40”, J. Mater. Res., submitted.

11)W. S. Seo, Y. J. Lee, H. Itahara, T. Tani, K. Koumoto,”"High-Resolution Transmission Electron Microscopy Study of
the Reactive Templated Grain Growth Process for CazCo0409¢”, J. Mater. Res., submitted.

1)K. Koumoto, S. Isobe, T. Tani, Y. Masuda and W. S. Seo,”Thermoelectric Performance of Zinc Indium Oxide
Improved through Ceramic Texturing”, Proc. 2" Int. Conf. Mass and Charge Transport in Inorg. Mater.(Adv. in
Sci. Technol., 37), Edited by P. Vincenzini and V. Buscaglia, Florence, Italy, pp. 315-324 (2002).

2)D. Nagahama, T. Tani, Y. Masuda, H. Itahara, T. Yonezawa and K. Koumoto,”Thermoelectric Properteis of
CasCo409-based Ceramics Textured by Templated Grain Growth Method”, Proc. 215t Int. Conf. Thermoelectrics,
IEEE, Piscataway, 2002.

3)O. Malochkin, W. S. Seo and K. Koumoto,” Single Crystal Growth of Homologous Compounds in the ZnO-1n203
System and Thermoelectric Properties”, Proc. 22" Int. Conf. Thermoelectrics, IEEE, Piscataway, pp.167-170
(2003).

4)H. Itahara, C. Xia, Y. Seno, J. Sugiyama, T. Tani and K. Koumoto,”Synthesis of Textured Thermoelectric Layered
Cobaltites by Reactive Templated Grain Growth”, Proc. 22nd Int. Conf. Thermoelectrics, IEEE, Piscataway,
pp.188-191 (2003).

5)P. Zhu, Y. Masuda and K. Koumoto,”Investigation on the Assessment of Nano-block Integration Process for Novel
Thermoelectric Materials”, Proc. 22nd Int. Conf. Thermoelectrics, IEEE, Piscataway, pp.368-371 (2003).

6)H. C. Shin and K. Koumoto,”Thermoelectric Properties of LaSrsFe2aMO10(M=Fe, Co, Ti and Mn)”, Proc. 20t Int.
Japan-Korea Seminar on Ceramics, Matsue, pp.603-606 (2003).

1) Toshihiko Tani and Kunihito Koumoto,”Texture Engineering of Oxide Thermoelectrics by Reactive Templated
Grain Growth Method”, pp.147-157 in Oxide Thermoelectrics edited by K. Koumoto, I|. Terasaki and N.
Murayama, Research Signpost, India, 2002.

2) “ (ZNO)mIN203

" 2002, pp.80-82 (2002).

3) “ " 3(5), 30-37 (2003).

1)K. Koumoto and T. Tani,”Thermoelectric Oxide Ceramics with Layered Structures”, 10t Int. Ceramic Congress
and 3r4 Forum on New Materials, Florence, Italy, 2002.

2) “ » 2002
3) “ » 2003 ( )
4) “ ”
2004 ( )
5) “ » 2004

1) 2002-313973
2) 2002-84006
3) 2003-207603




