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Introduction 

The syntheses of materials with various nanoscale spaces are currently under intensive 
investigation. Since carbon nanotubes, which have novel properties unlike those of either 
graphite or fullence, were discovered by Iijima,1 various syntheses of micro- and nanotubes of 
TiO2 have been attempted by various method such as template methods.2-4 Recently, Kasuga 
et al. treated TiO2 in the 10 M NaOH aqueous solution for 20 h at 383 K without the need for 
molds for replication or template and nanotubes with 8 nm in diameter and 100 nm in length5 
were obtained by their experiments. These titania-derived nanotubes are notable 
nanoscale-materials because of their nanotubular structures and high surface areas.6-13 
Therefore, several application studies on such as electrochromism,14 bone regeneration,15 
proton conduction,16 photoinduced hydrophilicity,17 photocatalysts,18-21 and dye-sensitizing 
solar batteries22 have been conducted by many researchers. This simple and low-cost synthetic 
method may be applied in the fabrication of other oxide nanotubes. After this report, many 
groups have investigated about the structure, formation mechanism, or synthetic condition for 
the nanotuluar product. Recently, the products with various morphologies were obtained by 
modifying synthetic conditions for this hydrothermal process. Nanowires was obtained by 
hydrothermal process from anatase and successively post heat-treatment.23 Yuan and 
co-workers found that the nanofiber was prepared when anatase was prepared by static 
hydrothermal treatment at 523 K.24 
In this study, a rotary-hydrothermal method as a novel synthetic process was used to 

synthesize a new type of nanotube. Commercial anatase-type titania were conventional static 
or rotary-hydrothermally treated in 10 M NaOH aqueous solution at 383 to 473 K. The 
structural investigation of obtained products by various processes was analyzed by various 
methods, such as a scanning electron microscopy (SEM), a transmission electron microscopy 
(TEM), and high energy X-ray diffraction (HEXRD). 

Experimental 

As a starting material, two grams of anatase-type titania (Kojundo Chem., Japan) were used. 
They were added in a NaOH aqueous solution (15 ml) with the concentration of 10 M. Then 
the specimens were treated under conventional static-hydrothermal reaction or 
rotary-hydrothermal reaction at 383 to 423 K for 48 h to 96 h. The speed of rotation for a 
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rotary-hydrothermal treatment was 20 revolutions per minute (rpm). Obtained products after 
these treatments were washed with de-ionized water, filtered, and dried at temperatures above 
323 K in an oven for 12 h. 
Various microstructural analyses were performed by a scanning electron microscopy 

(FE-SEM: S-4500, Hitachi, Japan) with accelerating voltage of 15 kV and a transmission 
electron microscopy (TEM: JEM2010/SP, JEOL) with accelerating voltage of 200 kV.  

The HEXRD experiments were carried out at the bending magnet beamline, BL04B2 of 
SPring-8 with a two-axis diffractometer for disordered materials. Incident photon energy of 
61.6 keV (λ= 0.20 Å) was obtained from a bent Si (220) crystal. Diffraction runs were 
conducted at room temperature under vacuum conditions. The recorded data were normalized 
for flux, corrected for background, Compton scattering, and absorption, and then converted to 
total structure factor,  QS . The Q value is determined by the following equation: 
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To get information in real space, total correction functions,  rT ,were calculated from the 

weighted interference functions,   1QSQ , by Fourier transformation up to Qmax = 25 Å-1 
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where   is the total number density and  QM  is a Lorch modification function to reduce 
termination effects arising from the finite upper limit of Q. 

Results and discussion 

Fig 1 show typical TEM images of the product prepared by a static-hydrothermal treatment 
of commercial anatase-type titania at 383 K for 96 h in 10 M NaOH aueous solution. As 
shown in Fig. 1 (a), the obtained product possessed nanotubular structures with about 10 nm 
in outer diameter and 5 nm in inner diameter and a few hundred nm in length, and they were 
open-end with several wall layers on both sides. The measured interlayer spacing was about 
0.90 nm. Moreover, it was found that the obtained nanotubular product had a scroll structure 
as shown in Fig. 1 (b). Thus, titania-derived nanotubes were prepared by the 
static-hydrothermal treatment of commercial anatase-type titania at 383 K for 96 h in 10 M 
NaOH aqueous solution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 TEM images of the product prepared by the hydrothermal treatment of commercial 
anatase-type TiO2 powder at 383 K for 96 h and the subsequent washing treatment. 
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Fig. 2 shows SEM and TEM images of the products prepared by rotary-hydrothermal 
treatments of anatase with 10 M-NaOH aqueous solution for 48 h at 383 and 423 K. From 
SEM observation, it was found that the nanowhisker-shaped product and the nanofiber-shaped 
product were obtained when anatase was prepared by rotary hydrothermal treatment at 383 K. 
In the case of rotary hydrothermal treatment at 423 K, the morphologies of obtained products 
completely were nanofiber-like. According to TEM observation, this fiber-shaped product had 
tubular structures with 10-50 nm in width and several hundreds micron in length. Thus, 
fibrous titania with tubular structures were successfully synthesized by the 
rotary-hydrothermal process. 
Fig. 3 shows the total correlation functions, T(r), of titania derived nanotubes prepared by 

the static-hydrothermal treatment, fibrous titania with tubular structures prepared by the 
rotary-hydrothermal treatment, and anatase as a starting material. As shown in Fig. 3, T(r) of 
titania nanotubes was obviously different from that of anatase as a starting materials. In 
particular, the nearest Ti-O peak for anatase was sharp, and the Ti-O distance and its average 
coordination number of anatase were approximately 1.96 Å, respectively. On the other hand, 
the nearest Ti-O peak for the nanotubular product was broad, and its distance was 1.93 Å. It 
is considered that the shift of the nearest Ti-O peak toward smaller distances and the 
difference of the peak geometry are due to highly distorted TiO6 octahedra. On the other hand, 
T(r) of fibrous titania with tubular structures prepared by the rotary-hydrothermal process was 
very similar to that of titania nanotubes. This result showed that these fibrous titania with 
tubular structures prepared by the rotary-hydrothermal process could have the almost same 
crystalline structure as titania derived nanotubes prepared by the static-hydrothermal process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 SEM images of products prepared by rotary-hydrothermal treatments of 
anatase-type TiO2 for 48 h at (a) 383 and (b) 423 K. (c) shows TEM image of (b) 
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Summary 

Titania derived products with various morphologies were synthesized by the hydrothermal 
method for anatase-type titania in NaOH aqueous solution systems at low temperatures and 
for short time in this study. The titania derived nanotubular product with approximately 10 nm 
in outer diameter and approximately 5 nm in inner diameter was obtained by the 
static-hydrothermal treatment of anatase. In the case of the rotary hydrothermal process, the 
obtained product had fiber-like morphology. According to TEM observation, this fiber-shaped 
product possessed tubular structures with 10-50 nm in width and several hundreds micron in 
length. Moreover, HEXRD result showed that these fibrous titania derived products with 
tubular structures prepared by the rotary-hydrothermal process could have the almost same 
crystalline structure as titania derived nanotubes prepared by the static-hydrothermal process. 
Thus, these results suggested that the diameter and length of nanotubes and the morphology 
could be controlled by this process, leading to development of useful materials for several 
applications. 
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Fig. 3 T(r) of titania derived nanotubes prepared by the static-hydrothermal treatment, 
fibrous titania with tubular structures prepared by the rotary-hydrothermal treatment, 
and anatase as a starting material. 
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