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TiO,/Si0O, composite photocatalysts were prepared by depositing of TiO, onto nano-SiO, particles. X-
ray diffraction (XRD), transmission electron micrograph (TEM), Raman spectrometer, UV-Vis diffuse
reflectance spectroscopy, Fourier transform infrared spectroscopy (FT-IR) were employed to characterize
the properties of the synthesized TiO,/SiO, composites. These results indicated that the products without
calcination were amorphous, and calcination could enhance the crystallinity of TiO,. Increases in the
amount of TiO, would decrease the dispersion in the composites. H,0,-sensitized TiO,/SiO, composite

ﬁ%v‘/’girgs" photocatalysts could absorb visible light at wavelength below 550 nm. The photocatalytic activity of as-
Visizble lizght prepared catalysts was characterized by methyl-orange degradation. The results showed the uncalcined
Sensitizing composite photocatalysts with amorphous TiO, exhibited higher photocatalytic activity under visible

H,0, light, and the activity of catalysts with TiO, content over 30% decreased with increasing of TiO, content.
Increases in the calcination temperature and TiO;, content promote the formation of bulk TiO, and result

in a decrease in activity.

Crown Copyright © 2010 Published by Elsevier B.V. All rights reserved.

1. Introduction

Nanosized TiO, is one of the most promising photocatalysts. To
achieve high activities in solution-phase catalysis the dispersion
of the catalyst is very important. However, small particles tend to
aggregate, resulting in lower or even completely lost photocatalytic
activity. Although TiO, nanoparticles can be dispersed well in TiO,
hydrosol, impurities or low pH values from TiO, precursors and
peptizing agents canretard the oxidation of the substrate [1,2]. Sup-
porting TiO, on high dispersing supporters is also another option
to prevent agglomeration [3]. The SiO, particle is generally used as
a supporter material [4-7]. Many supporting techniques in catalyst
preparation have also been developed, and these as-made cata-
lysts have different structures, configurations, and properties. The
activity of catalysts shows significant differences. Enhancements
in activity have been reported in several studies [4,7], but lower
activities have also been reported by others [6].

Nanosized TiO, particles can be supported on monodisperse
SiO, to prepare highly dispersed TiO,/SiO, composites. However,
the large SiO, core causes sedimentation of the catalysts, which

* Corresponding author at: School of Chemistry and Chemical Engineering, South-
west University, No. 2 Tiansheng Road, BeiBei District, Chongqing 400715, PR China.
Tel.: +86 023 68252361; fax: +86 023 68252360.

E-mail address: ezouj@swu.edu.cn (J. Zou).

leads to low photocatalytic activity [6]. High surface area and
large pore volume are the most distinct strongpoints in enhanc-
ing the photocatalytic activity of TiO,/SiO, composite catalysts. An
amorphous TiO, phase is generally obtained for TiO,/SiO, with-
out calcinations. It was reported that amorphous TiO, was nearly
inactive due to the facilitated recombination of the photoformed
electron and hole [8]. Anatase is generally recognized to be the
most active [9]. Highly crystalline anatase has high photocatalytic
activity because of its reduced number of lattice defect sites. This
limits the sites where electron-hole pairs could recombine [8,10]. It
was well known that calcinations could enhance the crystallinity.
Therefore, high-temperature calcination should be performed to
obtain anatase phases with high crystallinity. However, the calci-
nation could lower the surface area of catalysts and result in the
agglomeration and growth of TiO,, which is disadvantageous to
enhancing activity of SiO,/TiO, composite catalysts. Furthermore,
the lack of absorption in the visible region of TiO, /SiO, composites
means that this catalyst cannot drive direct photocatalysis under
visible light irradiation, thus lowering its photocatalytic activity
under solar light irradiation.

The recombination of photogenerated electron-hole pairs must
be restrained to enhance the activity of photocatalysts. As the
particle size of TiO, nanoparticles decrease, the dominant recombi-
nation process of the charge carriers present surface recombination
[11]. Thus, for small TiO, nanoparticles, the surface recombina-
tion would determine its photocatalytic activity. Many studies have
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confirmed that H, 0, can capture electrons to reduce the recombi-
nation process of the charge carriers [12-14]. More importantly,
H,0, molecules can adsorb onto the TiO; surface to form surface
peroxide complexes, resulting in visible photoresponses [15-17].
In this study, SiO,/TiO, composite catalysts are prepared by deco-
rating monodisperse SiO, with TiO, without calcination. Hydrogen
peroxide was used to modify the catalyst as the sensitizer. Highly
visible activity is expected for H,0,-sensitized TiO,/SiO, com-
posites due to the synergetic effect of highly dispersed TiO, and
sensitizing of H,0,.

2. Experimental
2.1. Materials

Titanium tetrachloride and tetraethyl orthosilicate (TEOS) were
obtained in their reagent grade from Sinopharm Chemical Reagent
Co. Ltd. (China). Ammonium hydroxide solution (25wt%) and
absolute ethanol were provided from Chengdu Kelong Chemical
Reagent Co. (China). All of these materials were used as received.

2.2. Sample preparation

2.2.1. Preparation of SiO, sol

Silica particles were synthesized via the Stober method [18].
The volume ratio of an ethanol/water/ammonium hydroxide/TEOS
mixture was fixed at 60:10:1:6. The mixtures were stirred vigor-
ously at 40°C for 12 h, and then the prepared sol was diluted with
3 times volume of deionized water. The ethanol was distilled out
from the boiling sol, after which the sol was condensed into the
stock solution with 6 wt% SiO,.

2.2.2. Preparation of TiO,/SiO, composites

The TiO,/SiO, particles were prepared by the deposition of TiO,
from a TiCl4 solution in the as-made SiO, sol. About 20 mL SiO,
sol was diluted to 200 mL, followed by the addition of hydrochloric
acid to adjust the pH of the solution to close to 1. A 0.5 M TiCly4 solu-
tion was added to the SiO, sol and stirred vigorously for 30 min.A
10wt% ammonium hydroxide solution was added dropwise into
the SiO; sol to form a white precipitate with an ultimate aqueous
mixture of pH 7-8. The product was obtained by filtration-washing
cycles, dried at 100°C, and calcined at different temperatures for
1 h. The resulted samples were denoted as x%TiO,-T, and the sam-
ples without calcinations was denoted x%TiO,, where T refers to
the calcination temperature and x refers to the weight ratio of
TiO,/Si0,. For comparison, the pure TiO, was acquired by pre-
cipitating the TiCl4 solution with ammonium hydroxide solution,
and the 10%TiO,-H sample was obtained by increasing the pro-
cess of refluxing and hydrolyzing TiCl4 solution in the as-made SiO,
sol at 95°C for 5 h before the ammonium hydroxide solution was
added.

The H,0,-sensitizing suspensions were made by adding 1g
powders into 10 mL 30% H;0, and sonicating for 10 min. The sus-
pensions were centrifuged, and the resulted powders was dried at
room temperature and analyzed by UV-Vis spectroscopy.

2.3. Photocatalytic experiments

The photocatalytic activities of the samples were measured by
the degradation of methyl orange (MO) in an aqueous solution. MO,
a well-known acid-base indicator, is one of the series of common
azo dyes largely used in the industry. MO is used as the model com-
pound because it is difficult to remove and its concentration can be
monitored by spectrophotometry [4,15]. A 2 mL H,0,-sensitizing
suspension (containing 0.2 g catalysts) was diluted by the addi-
tion of 178 mL deionized water and 20 mL aqueous solution of

MO (200mgL-1). A 450 W high pressure mercury lamp (Shanghai
YaMin) with a filter was used as a visible-light source (A >420 nm).
The suspension was stirred in the dark for 30 min in order to reach
the adsorption-desorption equilibrium for MO before illumination,
and its concentration was original concentration (C, ) of MO. After a
given irradiation time, 5 mL suspensions were withdrawn, and the
catalysts were separated from the suspensions by centrifugation at
5000 rpm without illumination. The concentration (C) of the resid-
ual MO in the solution was monitored by measuring the maximum
absorbance of the upper clear solution using the UV-Vis spec-
trophotometer (Shimadzu UV-2550). All experiments were carried
out at natural pH (about 5.1-5.8) without further adjustment. Dur-
ing the photocatalytic reaction, the temperature of the suspensions
was maintained at ambient temperature (26-28 °C) by a circulating
water bath.

2.4. Characterization

The phases of the products were characterized through X-
ray diffraction method using CuK, radiation (A=0.15418 nm) in
a XD-3 diffractometer (Beijing Pgeneral). Transmission electron
microscopy (TEM, Hitachi H7500) was performed at an acceler-
ating voltage of 80kV for electrons. Fourier transform infrared
(FT-IR, Bruker TENSOR 27 FT-IR) spectra of TiO, powders were
obtained using a spectrometer with KBr pellets technique. The
Raman spectra were recorded on a Bruker RFS100 spectrometer
with a resolution of 4cm™!, using 1054 nm light as an excitation
source. The precision of the wavenumber was 1cm~!. The UV-Vis
spectra were recorded on a spectrophotometer with an integrat-
ing sphere (Shmadzu UV-2550); BaSO4 was used as a reference
sample. The BET surface areas of samples were determined by N,
adsorption—-desorption method at 77 K using the 3H-2000I system
(Beijing HuiHaiHong Nano-ST).

3. Results and discussions
3.1. Structure and morphology

3.1.1. XRD of used samples

Fig. 1 shows the XRD patterns of the SiO,/TiO, powders fab-
ricated by precipitation progress and by hydrolysis method. The
X-ray powder diffraction patterns of the uncalcined precipitated
powders show no crystalline TiO, phase peaks but have a very
broad band from 15° to 30°, which is associated with amorphous
SiO, [19]. Similar XRD patterns for samples containing different
TiO, contents reveal that direct precipitation results in amor-
phous TiO; (the patterns were not exhibited here). A weak peak at
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Fig. 1. XRD pattern of used samples.
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260=25.2° appearing in 20%TiO,-500 signifies that the amorphous
TiO, was transformed into anatase after calcination at 500°C. For
20%Ti0,-400, no anatase TiO, peak appeared. It is possible that
the TiO, particles existed as particles smaller than 3 nm or that
the characteristic peaks of TiO, were muffled by the diffraction
peak of the SiO, amorphous phase due to the low TiO, amount
[20]. Increased TiO, contents result in more crystalline anatase
at lower temperatures, as confirmed by other peaks attributed
to anatase TiO, besides the stronger peak at 260=25.2° found in
90%Ti0,-400.

An additional peak at 20=25.2°, corresponding to the (101)
of anatase TiO,, was also observed for the hydrolyzed powders
containing 10% TiO, (10%TiO,-H). This showed that the hydroly-
sis method facilitated the formation of crystalline anatase TiO,. It
was reported [21] that the controlled crystalline phase TiO, could
be prepared by the direct hydrolysis of TiCl4 aqueous solutions
at different temperatures, and higher temperatures are favorable
for the formation of anatase. In this paper, the resulting prod-
ucts were anatase TiO, because the precursor of TiCl; aqueous
solution was hydrolyzed at boiling and reflux conditions. Anatase
is usually deemed to be the most photocatalytically active TiO,
[9]. The activity of amorphous TiO, was nearly negligible due to
the facilitated recombination of the photoformed electrons and
holes at the traps on the surface and in the bulk of the particles
[8]. To enhance the activity of the catalysts, TiO,/SiO, composite
powders prepared by typical methods must be calcined to form
anatase TiO,, because these samples were usually amorphous TiO5.
Thereby, the hydrolyzed TiO,/SiO, powders may be also expected
to have a high photocatalytic activity, due to the formation of
anatase TiO,.

3.1.2. Raman results

The phase structural complexity of the resulting photocatalyst
could also be distinguished by Raman spectroscopy. Fig. 2 shows
the Raman spectra of the samples prepared by hydrolysis method
and by precipitation progress. The observed peaks at 144, 400, 515,
and 639cm~! for 20%Ti0O,-500 were attributed to the character-
istics of the anatase phase [22]. This indicated that the anatase
is the predominant phase structure. Some anatase was present
in both 20%Ti0,-400 and 10%TiO,-H, as confirmed by the lowest
frequency Raman band observed in their spectra. The intensity of
peaks for 20%TiO,-500 is dramatically stronger than for others,
indicating better crystallization. In addition, no such bands were
detected in 20%TiO, and 10%TiO,, which shows that amorphous
TiO, is formed, as confirmed by XRD analysis. The nanoparticle size
may be determined from measurements of the maximum lowest-
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Fig. 2. Raman spectra of used samples (inset: the lowest-frequency spectra of the
Egyr mode).

frequency mode of the samples. The small size effect of the particle
could cause a blue shift in the location of the Raman peaks [22].
Comparing the lowest frequency peaks of the crystalline samples,
a blue shift is observed for 20%Ti0,-400, as shown in the inset in
Fig. 2. This suggests that the particle sizes of TiO, for 20%TiO,-400
were small.

3.1.3. Morphologies of TiO, on the SiO, surface

TEM micrographs of the as-prepared samples are presented
in Fig. 3. As seen from Fig. 3a, the pure SiO, possesses a regular
spherical morphology and smooth surface, and the sizes of SiO;
monodisperse particles are about 15-40 nm (Fig. 3a). For the pre-
cipitated SiO,/TiO, composites, an irregular and rough surface is
observed (Fig. 3b-d). This trend is even more evident as the TiO,
loading increases, which indicates that TiO, particles were loaded
onto the surface of SiO,. Comparing Fig. 3b-d, it was found that
more TiO, did not necessarily directly cover the surface of SiO,
with increasing amounts of TiO, loading. Furthermore, the large
numbers of SiO, /TiO, composite particles at TiO, loadings less than
30% (including 30%) are monodisperse. However, the dispersion
decreases with increasing TiO, loading, and monodisperse parti-
cles are no longer observed for 90%TiO, (Fig. 3d). This indicates
the lower TiO, loading is more advantageous to the dispersion of
Si0,/TiO, composites prepared by direct precipitation progress.
Calcined at 500 °C, 20%TiO, presents a smoother surface, and no dis-
persed small TiO; is observed (Fig. 3e). The possible reason was that
thermal treatment might have resulted in the growth of dispersed
TiO, and coating on the surface of SiO,. In addition, hydrolyzed
Si0,/TiO, composites (Fig. 3f) exhibit differences in morphologies.
There is an increase in isolated TiO, particles anchored on the sur-
face of SiO, and the surface of SiO, is smoother.

3.1.4. Infrared spectroscopy

The IR spectra of silica loading TiO, are shown in Fig. 4. The
bands at 1102, 800 and 469 cm~! are due to asymmetric stretching,
symmetric stretching, and the bending modes of Si-0-Si, respec-
tively [23]. Bands around 950 cm~! are presented in the spectra of
all samples except for 90%TiO-. As a consequence of the interaction
between silica surface hydroxyls and titanium ions, a Si-O-Ti link-
age of a band in this region (940-960 cm~!) would be formed [23].
This band is often considered to be the fingerprint of the titania
deposition on the silica.

Bands at 615 cm~! were detected in all samples. This band could
be attributed to the TiO, bulk phase [23]. The evolution of this band
obviously was depicted during thermal treatment of the samples to
higher temperatures (Fig. 4, curves b-d). The results of Raman indi-
cated that the thermal treatment resulted in the transformation of
amorphous TiO, to anatase TiO, and the growth of TiO, nanoparti-
cles. Zelenak et al. [23] also attributed the evolution to the decrease
in dispersion and growth of the TiO, particles. The formation of
bulk TiO, comes at the expense of vanishing Ti—O-Si linkages, as
shown in the increase in intensity of the 615cm~! band and the
decrease in the 950 cm~! band for 20%Ti0,-500 (Fig. 4, curve d).
Furthermore, both bands at 615 and 950 cm~! are also observed
for 10%TiO,-H (Fig. 4, curve e). Considering these, a possible struc-
ture for 10%TiO,-H composite is a heterojunction consisting of the
isolated TiO, anchored onto the silica by Ti-O-Si linkages. The
spectrum of 30%TiO, presents a more intense band at 615 cm™!
compared to that of 20%TiO,, indicating that the increase in TiO,
results in the formation of bulk TiO, agglomeration. This is sup-
ported by the spectrum of 90%TiO,. The 615cm~! band evolves
into a wide band between 700 and 400 cm~! while the 950 cm™!
band becomes negligible. The TEM map confirms the existence of
TiO, agglomeration in 90%TiO5.
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Fig. 3. TEM photographs of the samples (a) SiO2; (b) 20%TiOx; (c) 30%TiOx; (d) 90%TiO>; (e) 20%Ti0,-500; (f) 10%TiO,-H.

3.2. UV-Vis spectra

Fig. 5 shows the UV-Vis absorption of used samples before and
after treatment with H,0,. As shown in Fig. 5a, pure SiO, hardly
absorbs UV light. However, a strong absorption is observed for the
TiO,/Si0, composites, which corresponds to the absorption of TiO5.
And as the TiO, loading increases, a progressive increase of the
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Fig. 4. IR spectra of used samples. (a) 90%TiO;; (b) 20%TiO>; (c) 20%Ti0,-400; (d)
20%Ti02-500; (e) 10%TiO,-H; (f) 30%TiO,.

UV absorption is observed. It is well known that neither SiO, nor
TiO, can absorb visible light due to their wide energy gaps. It also
can be confirmed from Fig. 5a that no sample displayed an observ-
able absorption in the visible region (wavelength A >420 nm). This
shows that TiO,/SiO, composites without any treatments cannot
drive the direct photocatalysis under visible light irradiation.

TiO, treated with Hy0, can absorb visible light
to some extent due to the formation of peroxo complexes
between Ti and H,0, [15]. The UV-Vis absorption of the samples
treated with H,0, is shown in Fig. 5b. Compared to the absorption
spectrain Fig. 5a, the ones in Fig. 5b present a significant difference.
A new absorption in the visible range of 400-550 nm is observed
for all TiO,/SiO, composites after treatment with H,0; in addition
to the UV absorption edge. This indicates that peroxo complexes
are formed on the TiO,/SiO, composites. It can also be seen that
the increased TiO, can improve the visible absorption but it is
not proportional to the increase in the amount of TiO, loading.
TiO,/Si0, composites with TiO, loads varying from 20% to 70%
present the similar visible absorption. It should be noted that
lower visible absorption is observed for TiO,/Si0, composites
(10%TiO5-H) prepared by hydrolysis method, although its TiO,
loading content was as much as that of the 10% TiO, sample pre-
pared by precipitation progress. The visible absorption of TiO, /SiO,
composites results from the formation of Ti-peroxo complexes
because no visible absorption is detected for H,0,-treated SiO,.

Efficient irradiation is indispensable for the photocatalysis of
catalysts. The transmittance of catalyst suspensions can influence
the irradiation on inner catalysts in the suspension. An increase in
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Fig. 5. Diffusion reflection absorption of used samples untreated (a) and treated (b)
with H,0, (figure b inset: the transmittance of 20%TiO, and 90%TiO;).

TiO, loading results in a decrease in transmittance, as observed
in the TiO,/SiO, composite suspensions. The transmittances for
20%TiO, and 90%TiO, are shown in Fig. 5b. It is obvious that the
transmittance for 20%TiO, suspension is much higher than that of
the 90%TiO, suspension. The transmittance at 420 nm was about
75% for 20%TiO, but only 36% for 90%TiO-. This maybe is attributed
to the higher absorption at 420nm for 90%TiO,. However, at
550 nm, where these two catalysts have the same absorbance, a
transmittance of up to 94% was detected for the 20%TiO, sus-
pension, while that of the 90%TiO, suspension is only 75%. This
may be due to the formation of large sized aggregates in 90%TiO,
(Fig. 3d). The large aggregates would decrease the transmittance
of the suspension [24]. This indicates that the inner catalysts in
20%Ti0, suspension may be excited more efficiently than those in
the 90%TiO, suspension.

3.3. Photocatalytic experiments

Photocatalytic activity tests were investigated by the degra-
dation of methyl orange (MO) in aqueous solution under visible
light irradiation. Fig. 6 presents the photocatalytic results of the
as-prepared TiO,/SiO, composites treated with H,O, under visible
light irradiation. H,O, alone cannot drive the direct photocataly-
sis under visible light irradiation, as shown in Fig. 6a. Pure TiO,
displays much lower photocatalytic activity when compared to
TiO,/SiO, composites. Previous studies have that the high visi-
ble activity is observed only for sulfated TiO, [15]. However, the
remarkable enhancement of activity is presented for TiO,/SiO,
composite photocatalysts, and the highest activities are observed
for 20%TiO, and 30%TiO,.As the TiO, loading increased to over 30%,
a progressive decrease in activity is presented.

Fig. 6b shows the activity of crystalline TiO,/SiO, composites.
P25 without H,0,, which was used as a reference, shows only
6% discoloration after 150 min, which hints that the effect of dye
sensitization [25] from MO was extremely limited. Anatase is usu-
ally deemed to be the most photocatalytically active TiO,, and
high crystallinity results in higher activity [4]. Crystalline 20%TiO,
photocatalysts display a progressive decrease in activity as the tem-
peratures of thermal treatment increased compared to amorphous
20%Ti0,. This is explained by improved crystallization as shown in
XRD and Raman spectra. No degradation of MO even is observed
for anatase 10%TiO5-H, but about 95% discoloration is detected
for amorphous 10%TiO,, as seen in Fig. 6a. For P25 with H;0,, a
lower discoloration rate is observed (about 37%), although high
crystallinity and synergistic effects were also observed [5]. Previ-
ous research indicates that P25 in acidic solutions has high activity
[15]. Lower pH could promote the degradation of the MO [26]. How-
ever, in this study, all experiments were carried out at pH 5-6, at
which the kinetic constant values of MO are changed little [26].
The pH values are nearly unaltered during all reactions. There-
fore, the pH values have nearly no influence on the photocatalytic
activity.

Typically, the addition of silica can enhance the photocatalytic
activity of TiO,/SiO, catalysts [4,7]. However, these catalysts can-
not drive direct photocatalysis under visible light irradiation due
to the lack of adsorption of visible light of undoped TiO, or SiO,.
TiO,/Si0, composite catalysts treated only with H,0, have high
activity under visible light irradiation, as shown in Fig. 6. Catalysts
treated with H, O, can absorb visible light due to the formation of
peroxo complexes between H,0, and Ti ions, as seen in Fig. 5. This
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Fig. 6. Photocatalytic activities of amorphous TiO; (a) and crystalline TiO; treated
with H,0, under visible light (A >420 nm).
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Table 1
The surface area of the used samples.
Sample
SiO, 10%TiO, 30%TiO, 90%TiO> TiO,
Surface area (m?/g) 46.8 53.8 42.7 26.7 20.3

indicates that catalysts can directly drive the visible photocataly-
sis. It was reported that the photocatalyzed epoxidation of olefin
[16] and the degradations of salicylic acid [17] and MO [15] were
fulfilled by TiO, treated with H,O, under visible irradiation. Per-
oxo complexes are responsible for the visible activity of TiO,/SiO,
composites treated with H,0,, and the increase of TiO, content
may form more peroxide complexes that result in stronger visible
absorption as shown in Fig. 5b, which means catalysts have more
high activity. However, as shown in Fig. 63, it is observed that the
trend in catalytic activity is not entirely linear with the increase
in TiO, content. At TiO, contents above 20%, the activity decreases
as TiO, loading increases. From the TEM map, 20%TiO, shows a
highly dispersed phase, but 90%TiO, forms aggregates. It is well
known that highly dispersed phases facilitate high activity. Meso-
porous SBA-15 with higher Ti/Si ratios has lower activity because
TiO, aggregates and forms large clusters with increasing Ti content
[27]. Titanium-silicon binary oxide catalysts have high photocat-
alytic activity due to highly dispersed tetrahedral titanium oxide
species [28]. Moreover, the inset of Fig. 5b shows that inner cata-
lysts could be excited by visible light, as confirmed by the higher
transmittance observed for catalyst with lower TiO, content. Thus,
the effective utilization rate is lower for catalyst with higher TiO,
loading, resulting in the low activity. Compared to P25, Zhao et al.
found that as-prepared TiO, had higher photocatalytic activities,
because the latter had higher transmittance, which resulted in less
radiation loss [29].

The addition of silica to TiO, photocatalysts can facilitate the
enhancement of their specific surface area, which would provide
more surface sites for the adsorption of reactants molecules and
result in the enhancement of photocatalytic activity [30]. Table 1
shows the specific surface area of used samples. A progressive
increase in surface area is achieved as the TiO, loading decreased.
The adsorption of MO on photocatalysts is shown in Fig. 7. The
progressive decrease of the absorption rate of MO is observed as
the TiO, loading increased, which is in agreement with the sur-
face areas in Table 1. A decrease in absorption rate is observed in
10%Ti0O,-H, even though it has the same TiO, content as 10%TiO,.
These could be attributed to the existence of some TiO, aggre-
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Fig. 7. The adsorption rate of MO on used samples.

gations on the silica for catalysts with higher TiO, content and
10%TiO,-H, as shown in the TEM and IR results. Moreover, the trend
in catalytic activity is similar to the absorption capability of cata-
lysts as the TiO, loading rose to above 20%, as seen in Figs. 6b and 7.
The highest adsorption rate is observed for 10%TiO,, but lower
activity is depicted when compared to TiO,/SiO, composites. This
may be due to that an excessively small amount of TiO, is not con-
ducive to the formation of peroxide complexes, resulting in lower
visible absorption as depicted in Fig. 5b.

Figs. 6 and 7 indicate a dramatic decrease in activity for 20%TiO,
with calcination although the adsorption rate of 20%TiO, with ther-
mal treatment decreased slightly, especially for 20%TiO,-500. This
implies thatamorphous TiO; has higher photocatalytic activity. The
thermal treatment results in the transformation of amorphous TiO,
to anatase TiO;, and the increase in calcined temperature results
in better crystallization, as confirmed by XRD and Raman spec-
troscopy.

Anatase is more photocatalytically active than the rutile and
amorphous TiO; [9]. Amorphous TiO, is nearly inactive due to
the facilitated recombination of photoformed electrons and holes
[8]. Some reports also attribute high activity to high anatase con-
tent for TiO,/SiO, composites [31]. Besides, the specific surface
area, crystal composition, and material microstructures also sig-
nificantly affect the catalytic performance of TiO,. Wang et al. [32]
found that the crystallinity of the photocatalysts was less influen-
tial than the nitrogen content in determining the photocatalytic
activity of N-doped TiO,. Li et al. [33] prepared the amorphous
hcp TiO; nanocolumn arrays, which have better photocatalytic
properties than anatase nanocolumn arrays. Our previous study
also showed that amorphous TiO, sol had higher photocatalytic
activity than anatase sol [34]. In this study, it was proven that
thermal treatments can result in the formation of bulk TiO, and
growth of TiO, molecules as confirmed by IR and Raman results,
which decrease the dispersion of TiO,. This high dispersion con-
tributes to higher activity because the high dispersion of TiO,
facilitates the interaction between TiO, and other species, includ-
ing H,0,, SiO; and reactant molecules. This is particularly evident
for anatase 10%TiO,-H. No activity was observed due to the exis-
tence of bigger TiO, particles although TiO, was anatase phase.
The results above suggest that the enhancement of photocatalytic
activity is dictated more by the dispersion of TiO, than its crystal
structure.

4. Conclusions

Highly dispersed TiO,/SiO, composite catalysts were prepared
by decorating monodisperse SiO, nanoparticles with a small
quantity of TiO,. Enhanced visible activity was found in for
TiO,/SiO, composites sensitized with H,0,. Composite catalysts
without calcination and with low TiO, content showed higher
activity even though TiO, was amorphous. The High transmit-
tance of catalyst suspensions could enhance effective utilization
rate of a light source. This shows that less TiO, can achieve a
higher degradation rates. Therefore, Composites catalysts without
calcination and with low TiO,content are inexpensive and con-
ducive to the practical application of catalysts in the treatment of
pollutants.
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