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Synthetic process to obtain large-area films or fois of TiS2/organic hybrid
superlattice materials through mechanical intercalation, liquid-exfoliation, and self-assembly of
nanosheets.The resulting films or foils are extremely flexible and were found to exhibit higher
thermoelectric performance than pristine TiS2 single crystals. A prototype of thin-film thermoelectric
device was constructed by combining our newly developed n-type material with p-type organic material,
PEDOT:PSS, and it"s power generation characteristics was found to be improved compared to a p-type unileg
device. In contrast, drastic improvement in thermoelectric performance of SrTiO3 (STO% materials was not
achieved, though we succeeded in constructing 3D superlattice ceramics by self-assembling STO nanocubes
with Nb-doped surfaces.



15
~300

300K 700K

(1)
2 @)
3

@ 2

TiS,/

/

@

STO 3D

STO

STO 3D
Nb
STO

LAST

(300K)

@

TiS;

TiS;

T
2 H,O
ZT
H,O
TiSy(HA)0.08(H20)0.22(DM SOg 3 TiS,

12
TiS, 4.45 W/mK

0.69W/mK 6 1
ZT 0.07 021 3

ZT
100 0.28
©) TiS;
/
ZT7=0.33@413 K
4)
TiS,/
TiS,
n
p PEDOT:PSS
TE p
(5)STO 3D
15nm
3D

(6)Nb/LaSTO 3D



STO Nb
3D

Nb

Nb
3D

10
Y. F Wang, C. L. Wan, X. Y. Zhang, L. M.
Shen, K. Koumoto, A. Gupta, N. Z.
Bao, ”Influence of excess SrO on the
thermoelectric properties of heavily doped
SrTiO; ceramics”, Appl. Phys. Lett,, 102,
183905 (2013). doi: 10.1063/1.4804372
( )
R. Z. Zhang and K. Koumoto, “Grain Size
Dependent Thermoelectric Properties of
SrTiO; 3D Superlattice Ceramics”, J.
Electron. Mater., 42, 1568-1572 (2013).
DOI:10.1007/s11664-012-2324-y( )
Y. F. Wang, X. Y. Zhang, L. M. Shen, N. Z.
Bao, C. L. Wan, N. H. Park, K. Koumoto, A.
Gupta, “Nb-doped grain boundary induced
thermoelectric power factor enhancement in
La-doped SrTiO; nanoceramics”, J. Power
Sources, 241, 255-258 (2013). ( )
F. Dang, C. L. Wan, N. H. Park, K. Tsuruta,
W. S. Seo, K. Koumoto, “Enhanced
Thermoelectric Performance of
Nanostructured SrTiO;: Self-assembled Film
of Nanocubes”, ACS Appl. Mater. Interfaces,
5, 10933-10937 (2013).
dx.doi.org/10.1021/am403112n ( )
N. Wang, H. J. Chen, H. C. He, W.
Norimatsu, M. Kusunoki and K. Koumoto,
“Enhanced thermoelectric performance of
Nb-doped SrTiO; by nano-inclusion with
low thermal conductivity”, Sci. Rep., 3, 3449
(2013). doi:10.1038/srepo3449 ( )
Y. E. Putri, Chunlei Wan, Feng Dang, Takao
Mori, Yuto Ozawa, Wataru Norimatsu,
Michiko Kusunoki, K. Koumoto, “Effects of
transition metal substitution on the
thermoelectric ~ properties of  metallic
(BiS),5(TiS;), misfit layer sulfide”, J.

Electron. Mater ., 43 (6),
(2014).DOI:10.1007/s11664-013-2894-3
( )

C.L.Wan, X. K. Gu, F. Dang, T. Itoh, Y.
F. Wang, H. Sasaki, M. Kondo, K. Koga,
K. Yabuki, G. J. Snyder, R. G. Yang, K.
Koumoto, “ Flexible n-type
thermoelectric materials by organic
intercalation of layered transition
metal dichalcogenide TiS2” , Nature

Mater., 14, 622-627 (2015).
DOI:10.1038/nmat4251 ( )
E. Guilmeau, A. Maignan, C. L. Wan, K.

Koumoto, “ On the effects of

substitution, intercalation,
non-stoichiometry and block layer
concept in TiSz based thermoelectrics” ,
Phys. Chem. Chem. Phys., 17, 24541
(2015). DOl:
10.1039/c5¢p01795e ( )

C. L. Wan, Y. Kodama, M. Kondo, R.

Sasai, X. Qian, X. K. Gu, K. Koga, K.
Yabuki, R. G. Yang, K. Koumoto,
“  Dielectric Mismatch Mediates
Carrier Mobility in
Organic-Intercalated Layered TiS2" ,
Nano Lett. 15, 6302-6308 (2015). DOI:
10.1021/acs.nanolett.5b01013 ( )
Y. S. Ba, Y. £ Wang, C. L. Wan, W.
Norimatsu, M. Kusunoki, D. C. Ba, K.
Koumoto, “ Thermoelectric properties
of Nb-doped (NdossLioss)TiOs bulk
ceramics with superlattice structure” ,
J. Alloys Compd., 664, 487-491 (2016).
DOI: 10.1016/j.jallcom.2015.12.231(

)

15
K. Koumoto, ICT2013, Kobe, Japan (2013).
C. L. Wan, Hitoshi Sasaki, Tomohiro Ito,
Feng Dang, Kunihito Koumoto, ICT2013,
Kobe, Japan (2013).
F. Dang, C. L. Wan, K. Koumoto, I[CCPS-12,
Portland, USA (2013).

32
(2014)

2014
2014

2014 2014
K. Koumoto, C.L. Wan, T. Ito, M. Kondo, Y.
Kodama, K. Yabuki, K. Koga, ICT2014,
Nashville, USA (2014).
C.L. Wan, ICC-5, Beijing, China (2014).
K. Koumoto, C.L. Wan, T. Ito, M. Kondo, Y.
Kodama, R. G. Yang, K. Yabuki, K. Koga,
AFM-AMEC 2014, Shanghai, China (2014).
K. Koumoto, C.L. Wan, T. Ito, M. Kondo, Y.
Kodama, R. G. Yang, K. Yabuki, K. Koga,
MRS Fall Meeting, Boston, USA (2014).

(2014).

2015 (2015).
95

(2015).
K. Koumoto, C. L. Wan, ICT/ECT2015,
Dresden, Germany (2015).




()

@)

R. Tian, A. B. Azizi, C. L. Wan, K. Koumoto,
(2015).

3

C. L. Wan, Y. F. Wang, Y. E. Putri and K.
Koumoto, “Natural Superlattice Material:
TiS,-Based Misfit-Layer Compounds” in
Thermoelectric Nanomaterials edited by K.
Koumoto and T. Mori, Springer Series in
Materials Science 182, Springer-Verlag
Berlin Heidelberg 2013, pp.157-173 .

R. Z. Zhang and K. Koumoto, “3D
Superlattice  Ceramics of SrTiO;” in
Thermoelectric Nanomaterials edited by K.
Koumoto and T. Mori, Springer Series in
Materials Science 182, Springer-Verlag
Berlin Heidelberg 2013, pp.287-301.

Ryoji Funahashi, Chunlei Wan, Feng Dang,
Hiroaki Anno, Ryosuke O. Suzuki, Takeyuki
Fujisaka, and Kunihito Koumoto,
“Development of Thermoelectric
Technology from Materials to Generators” in
Advanced Materials for Clean Energy edited
by Q. Xu and T. Kobayashi, CRC Press,
Boca Raton, USA(2015) p. 83-142.

Nb La-STO

2013-178408
2013 8 29

2014-216416
2014 10 23

KOUMOTO, Kunihito

30133094

WAN, Chunlei

10641441




