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Figure 1  Crystal strucuture of Na,TigO13
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Figure 2 Optical micrographs showing Na, TigO13 whiskers.
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Figure 4 SEM images showing Na,TigO;3 whisker and tube.
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Figure 6 SEM images showing typical Na,TigO,3 whiskers.
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Figure 7 (a)TEM micrograph, (b) diffraction pattern, and (c) lattice image of a typical Na,TigO13 whisker.
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Figure 8 Absorbance of methyl orange solution before and after photocatalytic reaction.

-120 -



BRI AT IV o DIKEFRIN DT A AT — il
SIBEL | KR DOW EEZRE LTz, DD BB e X
N EEN RGN TV AT VAL O i 58030
D3De AFNAL UL pH ITIRFLC ALy —Ev s
EOELERTN, AT n0, T, RO ER
EAFL TN —THLEMLIZEZA, YUIF AT
R A F RIS EDENTE -, AF LT —
DY, pH ITEFL CTH AN L REICET 5, Z2 T,
VA AT I LV AE AL S B KA IR BT
NAVEINZ, pH Z LS 7203, fRIREL CHEAHIH D
FECTHoTED AF LU TN —0N SN =20
FERES T,

BISIC, SESERFBRED NaTigO VA AN —&
Na,Ti;O; i iz~ 7, Pt RN -7k (X5a) RLEZD
FEDIHZ DD THIR WK (K5¢) 1 NapTigO13 V1A
T —THY, ZUF =TIk (KI5b) IZRIEEM L CARK L
Na,TizO; #Eft ThD, ZIHD NagTigO3 VA AW — (&
Na,TisO; JE kit dh) OIEREIT, B RSt (I UEHRELAL,
WHEIRE, MAEERE) ITKkF L, ABicEbE
R TERINRE TED,

4. F&H

%4y (NaCI-Tio,) & 5 W\ i = % 4> (NaCl-Na,COs
-TiO,) AR DM ENC LY | EEFEIH D NayTigO13 ™
AAN—HBRTE, BREMEEHIETHZET,
Na,TigO13 VA AH— DY A XL EZ il TXTz, &
72\ BRREMTHAFL T, NagTigO; 728 D& o sd THILK
ROEIFEMH AL, A EFRE Rl 510720 E
REPEREAT & AR MR AT 2 FE L | SRR R A Rtk &
SRAE IS T CO MR E A D LA R LT, A
WIETRE T DV AT —F R T 2B AT FIEIT I
NTBEICRSLNW T OB A THY | BEEHAER B VR
WL TN,

5. SH%ORE

KIFTETIE, RAT ¥ —3IAT AT T Ty I RIEENIBR
RS LR AT B AL, A — 2D
SHROTHEL A LU R A 17> T e, SBIC,
SHHTRAING £, SREEREERTEHIE I CAMIE M b

B2 2)DrraeMEAE R LT, %1%, BRHENOSESER

Shexb DOA~—NF e A a7 YRZ NV ERIKL ., BiER
BERERBLE L ChRel e MIP B A PR T 52N EET
&5, Fo, BREEREATENS FHIZBAL T DT /S AR
S RAEZ 7S A E LR U7 B0,

& 3

1) K. Teshima, K. Yubuta, S. Sugiura, Y. Fujita, T. Suzuki,
M. Endo, T. Shishido, S. Qishi, Cryst. Growth Des., 2006,
6,1598. (BA) VbV AT ABFFERT I ERERC AR

2) K. Teshima, K. Yubuta, S. Ooi, T. Suzuki, T. Shishido, S.
Qishi, Cryst. Growth Des., 2006, 6, 2538.  (Bf)/V b+
YA AR S EE TR

3) K. Teshima, K. Yubuta, S. Sugiura, T. Suzuki, T.
Shishido, S. Oishi, Bul. Chem. Soc. Jpn., 2006, 79, 1725.
() /v b YA o GRS R e AT

4) K. Teshima, S. Sugiura, K. Yubuta, T. Suzuki, M. Endo,
T. Shishido, S. Oishi, J. Ceram. Soc. Japan., 2007, 115,
230 [in Japanese]. (BA)//VbheHA = ABFFER R
FERCHL

5) K. Teshima, K. Horita, T. Suzuki, N. Ishizawa, S. Qishi,
Chem. Mater., 2006, 18, 3693.

6) K. Teshima, A. Takano, T. Suzuki, S. Oishi, Chem. Lett.,
2005, 34, 1620.

7) K. Teshima, H. Kondo, S. Oishi, Bull. Chem. Soc. Jpn.,
2005, 78, 1259.

8) K. Teshima, D. Tomomatsu, T. Suzuki, N. Ishizawa, S.
Oishi, Cryst. Growth Des., 2006, 6, 18.

9) S. lijima, Nature, 1991, 354, 56.

10) M. Endo, H. Muramatsu, T. Hayashi, Y. A. Kim, M.
Terrones, M. S. Dresslhaus, Nature, 2005, 433, 476.

11) S. Andersson, A. D. Wadsley, Acta Crystallogr., 1962,
15,194.

12) A. D. Wadsley, W. G. Mumme, Acta Crystallogr., 1968,
B24,392.

13) Y. Inoue, T. Niiyama, K. Sato, Top. Catal., 1994, 1, 137.

14) ICDD PDF 73-1398.

15) H. Harada, S. Mori, J. Ceram. Soc. Japan (Yogyo
-Kyokai-Shi), 1988, 96, 1087 [in Japanese].

-121 -



No. 0609

Growth of Smart Whiskers from a NaCl Flux
Katsuya Teshima, Shuji Oishi

Department of Environmental Science and Technology,
Faculty of Engineering, Shinshu University

Summary

Micro- and nanostructural materials have attracted much interest for their novel properties that differ from
those of bulk materials. One-dimensional materials, such as whisker, tube and fiber, are of importance for various
applications in electronic, mechanical and chemical engineering because they exhibit unique properties. In
particular, Na,TigO3 whiskers have thermal durability, chemical resistivity and dispersibility. Furthermore, many
kinds of alkali metal titanates including Na,TisO13 have been studied for potential use as photocatalysts for the
degradation of toxic substances and decomposition of pure water and for oxygen electrodes in potentiometric
sensors for O, and CO,. The crystals of sodium hexatitanate, Na,TizO13, are monoclinic with the space group
C2/m. Na,TigO13 has been reported to have lattice parameters of a = 1.512, b = 0.374 and ¢ = 0.916 nm, = 99.3°,
and a density of 3.51 g cm™®. Sodium hexatitanate has a melting point of 1,300 °C. In a viewpoint of crystal
structure, Na,TisO3 has a unique structure, which is a tunnel structure consisting of three vacant spaces where one
vacant space corresponds to removal of a TiOg unit (perovskite type unit). Several properties of the Na,TigO13
whiskers are attributed to their unique crystal structure (tunnel structure). The present study describes the growth
of high-quality Na,TiO.3 whiskers from a NaCl flux and evaluation of their adsorption and photocatalytic
properties.

Highly crystalline Na,TigO.; whiskers were readily grown by cooling of a NaCl flux. The Na,TigO13
whiskers were transparent and colorless.  The whiskers were hexagonal prisms bounded by well developed faces.
The crystal forms and average sizes obviously depended on the cooling rate and the solute concentration.
Furthermore, they exhibited photocatalytic activity for decomposition of organic materials. From these results, it
should be possible to prepare highly active photocatalysts because the crystallinity of photocatalysts appears to be
important for high activity. Finally, NaCl was found to be a very suitable flux for an environmentally friendly
growth of Na,TisO,3 whiskers.
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