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Abstract

Anatase TiO, nanoparticles were uniformly coated on the surface of the titanate nanorods using TiF, and H;BO; as the precursors via a
simple solution route. The prepared samples were characterized with SEM, XRD, TEM, HRTEM and nitrogen adsorption—desorption isotherms
and their photocatalytic activities were evaluated by photocatalytic decolorization of methyl orange aqueous solution. The effects of the precursor
concentration, deposition time and deposition temperature on the morphology and phase structure of the TiO, nanoparticle-coated titanate nanorods
were investigated. Compared with the titanate nanorods, the novel TiO, nanoparticle-coated titanate nanorods showed an obvious increase in the
specific surface area and pore volume due to the formation of TiO, nanoparticles (10-50 nm) on the surface of the titanate nanorods. Moreover, the
TiO, nanoparticle-coated titanate nanorods, which could be readily separated after photocatalytic reaction, exhibited highly photocatalytic activity

for the degradation of methyl orange aqueous solution.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Low-dimensional nanostructured materials, representing
ideal building blocks for the bottom-up assembly of integrated
electronic and photoelectronic devices, have attracted consider-
able attention recently due to their unique physical and chemical
properties [1-3]. To understand their fundamental properties,
from both fundamental and applied viewpoints, various low-
dimensional individual nanostructures with well-controlled size,
shape and chemical composition, such as zero-dimensional (0D)
nanoparticles and one-dimensional (1D) nanowires, nanorods,
nanobelts or nanotubes of elements, oxides, nitrides, carbides
and chalcogenides, have been synthesized using various strate-
gies and their corresponding physicochemical properties have
been widely investigated [4-7]. For example, semiconductor
nanowires and single-walled carbon nanotubes could be used
as building blocks to fabricate a range of nanodevices includ-
ing field-effect transistors and diodes [8]. However, these stud-
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ies of individual nanodevices represent only an initial step
for the development of nanoscale devices. It remains a great
challenge to assemble these low-dimensional materials into
highly integrated and hierarchically organized nanostructures.
To achieve integrated nanodevices, reliable methods for effi-
ciently assembling and integrating nanobuilding blocks into
arrays or circuits should be developed [9-12]. It was reported
that the size- and shape-controlled nanocrystals (OD) has been
successfully fabricated and assembled into 1D and superlat-
tice structures [13,14]. Moreover, the hierarchical assembly of
1D nanostructures into well-defined functional networks was
also reported [15,16]. Unfortunately, seldom studies have been
focused on the preparation of 0D/1D composite nanostruc-
tures, such as nanoparticle/nanorod nanocomposites. It should
be noted that the conjunction and integration of nanoparticles
(0OD) and nanorods (1D) represent one of the key to bridging the
“bottom-up” with the “top-down” approach in future nanotech-
nology.

Among various oxide semiconductor photocatalysts, TiO» is
one of the most effective photocatalysts due to its strong oxidiz-
ing power, nontoxicity, and long-term photostability [17-20].
When TiO, powder is used as a photocatalyst for water
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purification, it shows high photocatalytic activity due to its large
surface area. However, conventional powdered photocatalysts
have a serious limitation—the need for post-treatment sepa-
ration in a slurry system after photocatalytic reaction. Also,
the nanosized powders have a strong tendency to agglomerate
into larger particles, resulting in the decrease of their photo-
catalytic performance. Continuing efforts have been made to
develop alternate methods to prepare the highly active photocat-
alysts, which can be readily separated after the photocatalytic
reaction. In this work, anatase TiO; nanoparticle-coated titanate
nanorods were prepared by a two-step solution-phase reaction.
The first step was to prepare 1D titanate nanorods, and the sec-
ond was to obtain the self-assembly of TiO, nanoparticles on
the surface of titanate nanorods. The effects of the precursor
concentration, deposition time and deposition temperature on
the morphology and phase structure of the TiO; nanoparticle-
coated titanate nanorods were investigated and discussed. The
photocatalytic activities of the titanate nanorods before and
after the deposition of the TiO, nanoparticles were evalu-
ated by photocatalytic decolorization of methyl orange aqueous
solution.

2. Experimental
2.1. Preparation of titanate nanorods

Titanate nanorods were prepared using a chemical process
similar to that described by Kasuga et al. [21,22]. TiO; source
used for the titanate nanorods was commercial-grade TiO, pow-
der (P25, Degussa AG, Germany) with crystalline structure of
ca. 20% rutile and ca. 80% anatase and primary particle size of
ca. 30 nm. In a typical synthesis, 1.5 g of the TiO, powder (P25)
was mixed with 140 ml of 10 M NaOH solution, followed by
hydrothermal treatment of the mixture in a 200 ml Teflon-lined
stainless steel autoclave at 200 °C for 48 h. After hydrothermal
reaction, the precipitate was separated by filtration and washed
with a 0.1 M HCI solution and distilled water until the pH value
of the rinsing solution reached ca. 6.5, approaching the pH value
of the distilled water. The washed samples were dried in a vac-
uum oven at 80 °C for 8 h.

2.2. Preparation of TiO2 nanoparticle-coated titanate
nanorods

TiF4 and H3BO3 were used as the precursors for the prepa-
ration of the TiO, nanoparticle-coated titanate nanorods. In a
typical synthesis, TiF4 and H3BO3 were dissolved in distillated
water, respectively. Then, the as-prepared aqueous solutions of
TiF4 and H3BO3 were mixed, stirred, and used as the deposition
solution. The concentrations of TiF4 were changed from 0.005
to 0.025 M and the molar ratio of TiF4 to H3BO3; was fixed to
1:3. Subsequently, 0.01 g of the washed titanate nanorods were
added into 50 ml of the deposition solution and then incubated
at room temperature to 80 °C for 5-36 h. After the reactions, the
powdered samples were filtered, rinsed with distilled water and
dried in a vacuum oven at 60 °C for 8 h.

2.3. Characterization

Morphology observation was performed on a JSM-5610LV
scanning electron microscope (SEM, JEOL, Japan). X-ray
diffraction (XRD) patterns were obtained on a D/MAX-RB X-
ray diffractometer (Rigaku, Japan) using Cu Ko irradiation at a
scan rate (20) of 0.05° s~! and were used to determine the phase
structure of the obtained samples. The accelerating voltage and
the applied current were 15kV and 20 mA, respectively. Trans-
mission electron microscopy (TEM) analyses were conducted
with a JEM-2010F electron microscope (JEOL, Japan), using
200-kV accelerating voltage. Nitrogen adsorption—desorption
isotherms were obtained on an ASAP 2020 (Micromeritics
Instruments, USA) nitrogen adsorption apparatus. All the sam-
ples were degassed at 100 °C prior to BET measurements. The
Brunauer-Emmett-Teller (BET) specific surface area (Spgr)
was determined by a multipoint BET method using the adsorp-
tion data in the relative pressure (P/Pg) range of 0.05-0.25.
Desorption isotherm was used to determine the pore size dis-
tribution using the Barret-Joyner—Halender (BJH) method [23].
The nitrogen adsorption volume at the relative pressure (P/Pg)
of 0.970 was used to determine the pore volume and the average
pore size.

2.4. Measurement of photocatalytic activity

The evaluation of photocatalytic activity of the prepared sam-
ples for the photocatalytic decolorization of methyl orange aque-
ous solution was performed at ambient temperature. Experimen-
tal process was as follows: the prepared powder samples (0.02 g)
were dispersed in a 25 ml methyl orange aqueous solution with
a concentration of 1.53 x 1073 molL™! in a rectangular cell
(52mm (W) x 155 mm (L) x 30 mm (H)). A 15-W 365nm UV
lamp (Cole-Parmer Instrument Co.) was used as a light source.
The average light intensity striking on the surface of the reaction
solution was about 112 wW cm™2, as measured by a UV meter
(made in the photoelectric instrument factory of Beijing normal
university) with the peak intensity of 365 nm. The concentration
of methyl orange was determined by an UV-vis spectropho-
tometer (UV-2550, Shimadzu, Japan). After UV irradiation for
some time, the reaction solution was filtrated to measure the
concentration change of methyl orange.

3. Results and discussion

3.1. Morphology and phase structure of the as-prepared
titanate nanorods and the TiO; nanoparticle-coated titanate
nanorods

Fig. 1a shows the SEM image of dispersed nanorods with a
length range from several micrometers to several tens of microm-
eters. A high magnification SEM image of the nanorods was
shown in Fig. 1b, indicating that the diameter of the obtained
nanorods was in the range of 30-300nm. Generally, these
nanorods exhibited uniform diameters over their entire lengths.
Similar results were also reported in the previous studies [24].
The corresponding XRD pattern (Fig. 2a) of the as-prepared
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Fig. 1. SEM images of the as-prepared titanate nanorods (a and b) and the TiO; nanoparticle-coated titanate nanorods (c and d) obtained in a 0.01 M TiF4 and 0.03 M

H3BO3 mixed solution at 60 °C for 12 h.

nanorods showed a structure feature similar to that of alkali or
hydrogen titanates such as HTizO7 [25], Na,H;_, TizO7 [26],
or NayHpTi,02,41-xH20 [27] due to a similar structure of
layered titanate family.

After the washed titanate nanorods were dipped into the
mixed aqueous solution of 0.01 M TiF4 and 0.03M H3BO3
and then incubated at 60 °C for 12 h, crystalline anatase TiOy
nanoparticles could be deposited on the surface of the nanorods.
The SEM image (Fig. 1c) indicates that the nanoparticles are
uniformly coated on the surface of the titanate nanorods. Fig. 1d
shows a high magnification SEM image, indicating that the

A: anatase
T: titanate
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Fig. 2. XRD patterns of (a) the as-prepared titanate nanorods, (b) the TiOy
nanoparticle-coated titanate nanorods obtained in a 0.01 M TiF4 and 0.03M
H3BO3 mixed solution at 60 °C for 12 h, and (c) the TiO, nanoparticle-coated
titanate nanorods obtained in a0.025 M TiF4 and 0.075 M H3 BO3 mixed solution
at room temperature for 60 h.

diameter of the nanoparticles was in the range of 10-50 nm.
The prepared nanoparticle-coated titanate nanorods, with uni-
form diameters and particle-distribution over their entire length
range, are novel and should be applicable to a wide range of sep-
aration, filling, catalysis, photocatalysis. Corresponding XRD
pattern (Fig. 2b) exhibited obvious diffraction peaks of anatase
TiO; in addition to the sharp diffraction peaks of titanate, sug-
gesting that the nanoparticles coated on the surface of the titanate
nanorods were anatase TiO,.

The morphology and microstructural details of the as-
prepared titanate nanorods and the TiO, nanoparticle-coated
titanate nanorods were further investigated by TEM analysis.
Fig. 3a shows a typical TEM image of the titanate nanorods,
indicating that the obtained titanate nanorods showed a wide
particle size distribution of 30-300nm. The HRTEM image
indicated (Fig. 3b) that the titanate nanorods appeared an obvi-
ous layered structure, and the layer spacing was calculated to
be about 0.6 nm, which was smaller than the reported value
of ca. 0.8 nm [26]. This may be attributed to the dehydration
among the layers of titanate nanorods during the dry of the sam-
ples in vacuum oven. After the titanate nanorods were dipped
into the mixed aqueous solution of TiF4 and H3BO3 and then
incubated at 60 °C for 12h, rod-like TiO; nanoparticles with
a diameter of 10-50nm and a length of 50-100 nm (Fig. 3c)
were uniformly coated on the surface of the titanate nanorods.
A high magnification TEM image (Fig. 3c, inset) indicated the
formation of novel nanocomposite structures between the TiO»
nanoparticles and the titanate nanorods. Fig. 3d shows a rep-
resentative HRTEM lattice image of the TiO, nanoparticles
coated on the surface of the titanate nanorods. By measuring
the lattice fringes, the resolved interplanar distance was ca.
0.35 nm, corresponding to the (10 1) planes of anatase TiO;.
This also further confirmed that the crystalline structure of the
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Fig. 3. TEM (a) and HRTEM images (b) of the as-prepared titanate nanorods, TEM image (c) of the TiO, nanoparticle-coated titanate nanorods obtained in a 0.01 M
TiF4 and 0.03 M H3BO3 mixed solution at 60 °C for 12 h and a high magnification TEM image (inset), HRTEM image (d) of the TiO, nanoparticles coated on the

titanate nanorods.

TiO, nanoparticles coated on the titanate nanorods was anatase
phase.

3.2. Preparation of TiOz nanoparticle-coated titanate
nanorods at varying experimental conditions

For the formation of TiO; nanoparticles on the surface of
the titanate nanorods, a formation mechanism similar to that
of TiO, film formed on the fused quartz in our previous study
was proposed [19]. A ligand exchange equilibrium reaction of
metal-fluorocomplex ions and a consuming reaction of F~ ions
by boric acid as F~ scavenger exist in the same reaction system
as follows [19,28,29]:

TiE4 + nH,O = TiF4_,(OH)n + nHF (1)
H3BO;3 + 4HF = BF, + H30" + 2H,0 )

H3BOs3 was used as the F~ scavenger, which reacts readily with
F~ ions to form the more stable BF4™ ion, promoting the con-
sumption of noncoordinated F~ ions and the formation of TiO2
particles. Additional experimental observation showed that the
solution retained a clear state during the deposition of the TiO;
particles, indicating a low solution supersaturation. Therefore, it
was deduced that the TiO, nanoparticles were deposited on the
surface of the titanate nanorods by heterogeneous nucleation

mechanism due to a lower free energy compared to homoge-
neous nucleation. Fig. 4a shows the SEM image of the TiO»
nanoparticle-coated titanate nanorods obtained at a deposition
time of 5 h. It was found that the TiO; nanoparticles with a diam-
eter lower than 30 nm were uniformly coated on the surface of
the titanate nanorods. With increasing deposition time, the TiO»
nanoparticles showed a slow growth. After deposition for 12 h,
the diameters of the TiO, nanoparticles coated on the titanate
nanorods increased to ca. 10-50 nm. With further increase in
the deposition time (36 h), the diameter of the TiO, nanopartil-
ces (Fig. 4b) has no an obvious change, indicating the complete
consumption of the TiF, precursor after deposition at 60 °C for
ca. 12h.

It was found that the concentration of TiF4 precursor had
an obvious effect on the morphology of the TiO, nanoparticle-
coated titanate nanorods. When [TiF4] was lower than 0.005 M,
the surface of the titanate nanorods could not be com-
pletely coated by the TiO, nanoparticles (indicated by the
arrows in Fig. 4c) due to a limited Ti species contained in
the deposition solution. However, when [TiF4] increased to
0.025M, some spherical TiOy particles with a diameter of
300-500 nm (Fig. 4d) were also observed in addition to the TiO»
nanoparticle-coated titanate nanorods. Compared with the sam-
ple obtained at [TiF4]=0.01 M, the TiO; nanoparticle-coated
titanate nanorods obtained at [TiF4] =0.025 M showed a denser
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Fig. 4. SEM images of the TiO;, nanoparticle-coated titanate nanorods obtained in (a) 0.01 M TiF,4 and 0.03 M H3BO3 mixed solution at 60 °C for 5h; (b) 0.01 M
TiF4 and 0.03 M H3BO3 mixed solution at 60 °C for 36 h; (¢) 0.005M TiF,4 and 0.015 M H3BO3 mixed solution at 60 °C for 12 h; (d) 0.025M TiF4 and 0.075M
H3BO3 mixed solution at 60 °C for 12 h; (e) 0.01 M TiF4 and 0.03 M H3BO3 mixed solution at 80 °C for 12 h; (f) 0.025 M TiF4 and 0.075 M H3BO3 mixed solution

at room temperature (ca. 20 °C) for 60 h.

surface structure. However, it was found that the concentra-
tion of TiF4 precursor had no obvious effect on the diameter
of the TiO, nanoparticles coated on the surface of the titanate
nanorods.

Deposition temperature also had an obvious effect on the sur-
face morphology and phase structure of the TiO, nanoparticle-
coated titanate nanorods. When the deposition temperature
increased to 80°C, some irregular particles (Fig. 4e) were
formed in addition to the TiO, nanoparticle-coated titanate
nanorods. Further observation indicated that these irregular par-
ticles usually attached to the surface of the TiO, nanoparticle-
coated titanate nanorods at 80 °C. This may be due to the over-
growth of some new TiO» nanoparticles on the surface of TiOy
nanoparticle-coated titanate nanorods. Decreasing the deposi-
tion temperature to lower than 60 °C, the nanoparticle/nanorod
composite structure similar to the sample obtained at 60 °C was
also obtained even the deposition temperature was decreased to
room temperature (ca. 20 °C). However, with decreasing depo-
sition temperature, it was necessary to increase the deposition
time to promote the hydrolysis of TiF4 and the formation of TiO»
nanoparticles due to a lower reaction rate. To decrease the depo-

sition time, an alternative strategy was increasing the precursor
concentration of TiF4, which could accelerate the formation of
TiO, nanoparticles on the surface of the titanate naorods. Fig. 4f
shows the SEM image of the TiO, nanoparticle-coated titanate
nanorods obtained in a 0.025 M TiF,4 and 0.075 M H3BO3 mixed
solution at room temperature (ca. 20 °C) for 60 h. It could be seen
that in addition to the TiO, nanoparticle-coated nanorods, some
spherical TiO; particles composed of many smaller TiO; par-
ticles was also observed, similar to the result obtained at 60 °C
(Fig. 4d). However, the corresponding XRD result indicated that
no diffraction peaks of anatase phase were observed in addi-
tion to the diffraction peaks of the titanate nanorods, indicating
that the phase structure of the TiO» nanoparticles coated on the
titanate nanorods was amorphous TiO,. Usually, the TiO; par-
ticles or films obtained by the controlled hydrolysis method at
room temperature always show a weak crystallization due to the
presence of impurities such as F~ ions [30]. The presence of F~
ions has been confirmed using XPS analysis (not shown here).
It was reported that the existence of F~ ions could inhibit the
formation of ordered titanium—oxygen networks and the crys-
tallization of the TiO, films [19,30].
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Fig. 5. Nitrogen adsorption—desorption isotherms of the titanate nanorods before
and after the deposition of TiO, nanoparticles.

3.3. Sper and pore structures of TiO, nanoparticle-coated
titanate nanorods

The nitrogen adsorption—desorption isotherms of the titanate
nanorods before and after the deposition of the TiO, nanoparti-
cles are presented in Fig. 5. It can be seen that all the samples
show the type IV isotherms with type H3 hysteresis loops accord-
ing to BDDT calssification [23], indicating the presence of
mesopores (2-50 nm). Moreover, the observed hysteresis loops
of the both samples approach P/Pg =1, suggesting the presence
of macropores (>50nm) [31,32]. However, compared with the
as-prepared titanate nanorods, the hysteresis loop of the TiOy
nanoparticle-coated titanate nanorod sample shows a wider rel-
ative pressure range (0.4—1.0) and a larger area.

Fig. 6 shows the corresponding pore size distributions of
the titanate nanorods before and after the deposition of the
TiO, nanoparticles. Their textural parameters derived from the
nitrogen adsorption—desorption isotherm data are summarized
in Table 1. It can be seen that the pore size distributions of
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Fig. 6. Pore size distributions of the titanate nanorods before and after the depo-
sition of TiO nanoparticles.

Table 1
BET specific surface area (SpeT) and pore parameters of titanate nanorods before
and after the deposition of TiO, nanoparticles

Samples SBET (mz/g) Pore volume Pore size
(cm3/g) (nm)
Titanate nanorods 16.1 0.04 9.9
TiO; nanoparticle-coated 77.2 0.13 6.5
nanorods

the titanate nanorods before and after the coating of the TiO»
nanoparticles are obvious different. Prior to the coating of the
TiO, nanoparticles, the titanate nanorod sample exhibits a wide
pore size distribution ranging from 2 to more than 100 nm. Con-
sidering the morphology of the titanate nanorods (Fig. 3a and
b), there was no mesopores and macropores existed in the indi-
vidual titanate nanorods. Therefore, it was concluded that the
mesopores and macropores came from the aggregations of the
titanate nanrods. Owing to the absence of pores in the nanorods,
the as-prepared titanate nanorods showed a small Sggt and pore
volume, which were 16.1 m?/g and 0.04 cm>/g, respectively.
Others also reported similar SggT and pore volume of the titanate
nanorods, which was 21 mzlg for SgeT and 0.08 cm3/g for pore
volume [31]. After the TiO;, nanoparticles were coated on the
surface of the titanate nanorods, there was an obvious increase
for Sggr from 16.1 to 77.2 m2/g and for pore volume from
0.04 to 0.13 cm>/g. On the contrary, the formation of the TiO,
nanoparticles (10-50 nm) on the surface of the titanate nanorods
resulted in the decrease of the average pore size from 9.9 to
6.5nm (Table 1). Usually, larger specific surface area allows
more reactants to be absorbed onto the surface of the photocat-
alyst, while higher pore volume results in a rapider diffusion of
various reactants and products during the photocatalytic reaction
[33].

3.4. Photocatalytic activity

The photocatalytic activities of the titanate nanorods before
and after the deposition of anatase TiO; nanoparticles were eval-
uated by photocatalytic decolorization of methyl orange aqueous
solution. Fig. 7 shows the plots of absorbance (A) versus irra-
diation time (¢) for the titanate nanorods before and after the
deposition of TiO; nanoparticles. Illumination in the absence
of photocatalysts did not result in the photocatalytic decoloriza-
tion of methyl orange solution. It was found that the as-prepared
nanorods showed no photocatalytic activity, in contrast to the
results reported by Zhu et al. [34]. In their case, the as-prepared
hydrogen titanates exhibited decent photocatalytic activity for
the photocatalytic oxidation of sulforhodamine (SRB) [34]. The
difference in photocatalytic activity of the hydrogen titanates
may be attributed to the different experimental conditions.
After the anatase TiO, nanoparticles were uniformly coated
on the surface of the titanate nanorods, the obtained sample
showed highly photocatalytic activity and the concentration of
the methyl orange decreased rapidly with increasing UV irradi-
ation time. Additional experimental observation indicated that
the color of the methyl orange aqueous solution changed from



H. Yu et al. / Journal of Molecular Catalysis A: Chemical 253 (2006) 99-106 105

1.1
10— 4 A &
0.9 —A— titanate nanorods
— 1 —¥—TiO, nanoparticle-
< 08+ .
Py | coated titanate nanorods
3]
S 074
E 4
2 06
=]
<

~_

O'4f \

0.31

T T
0 20 40 60 80 100 120
Irradiation time (min)

Fig. 7. Plots of absorbance (A) vs. irradiation time (#) for the titanate nanorods
before and after the deposition of TiO, nanoparticles. Absorbance (A) in the
Y-axis is proportional to the concentration (c).

orange to near no color after UV irradiation for 2h, indicat-
ing a nearly complete degradation of methyl orange. Compared
with the as-prepared titanate nanorods, the highly photocat-
alytic activity of the TiO, nanoparticle-coated titanate nanorods
could be ascribed to the formation of dispersed anatase TiO»
nanoparticles.

It is well known that TiO, powdered photocatalysts show
a high photocatalytic activity due to their large surface area.
However, powder photocatalysts have a strong tendency to
agglomerate into larger particles and are difficult to be sep-
arated completely from a slurry system after photocatalytic
reaction. Meanwhile, mobile powdered photocatalysts are also
not applicable for air purification, as they may contribute to
respirable particles that cause adverse human health problems
[35]. Though this can be overcome by immobilizing TiO, par-
ticles as thin films on solid substrates, the formation of TiO,
films on the substrates significantly reduces the specific surface
area of TiO; photocatalysts, resulting in a decrease in photo-
catalytic activity. In this study, anatase TiO; nanoparticles were
uniformly dotted on the surface of the nanorods with a length
larger than several micrometers. Compared with the nano-sized
powder photocatalysts with a particle size of several tens of
nanometers, such as P25 photocatalyst, the TiO, nanoparticle-
coated nanorod photocatalysts could be readily separated from a
slurry system after photocatalytic reaction and be easily re-used
owing to their mesoscale structure (usually larger than several
micrometers, Fig. 1d). We think that this nanoparticle/nanorod
composite structure is one of the ideal and novel photocatalysts
for the applications of anatase nanoparticles in the environmental
purification and treatment and would provide new insights into
preparing novel highly photoactive catalysts to avoid the disad-
vantages of the powder and thin film photocatalysts. Therefore,
the obtained TiO; nanoparticle-coated nanorod photocatalysts
with highly photocatalytic activity may be suitable for the appli-
cation of anatase photocatalysts at industrial scale, which has
been seriously impeded by the high cost for separating the cat-
alyst nanocrystals [34].

4. Conclusion

Anatase TiO; nanoparticles could be uniformly coated on the
surface of the titanate nanorods using TiF4 and H3BO3 as the pre-
cursors via a simple solution route. The precursor concentration,
deposition time and deposition temperature had obvious effects
on the morphology and phase structure of the TiO, nanoparticle-
coated titanate nanorods. Compared with the titanate nanorods,
the TiO, nanoparticle-coated titanate nanorods showed an obvi-
ous increase in the specific surface area and pore volume due to
the formation of TiO; nanoparticles (10-50 nm) on the surface
of the titanate nanorods. Moreover, the TiO, nanoparticle-coated
titanate nanorods exhibited highly photocatalytic activity for
the degradation of methyl orange aqueous solution and could
be readily separated after photocatalytic reaction. This novel
nanocomposite photocatalyst has potential to avoid the disad-
vantages of the powder and thin film photocatalysts.
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