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ABSTRACT : In this work, SiO2/TiO2 nanocomposites have
been successfully synthesized hydrothermal with rapid
reaction time under supporting of microwave at power of 150
W, for 1 h using SiO2 from rice husk ash (RHA) as silica
source in Vietnam. The SiO2/TiO2 nanocomposites were
characterized by UV–vis spectroscopy, scanning electron
microscopy (SEM), energy-dispersive spectroscopy (EDS),
transmission electron microscopy (TEM), fourier transforminfrared spectroscopy (FTIR), and X-ray diffraction (XRD).
It was also demonstrated that the SiO2/TiO2 nanocomposites
were extremely good catalytic activity and high stability. Our
results show that SiO2/TiO2 nanocomposites were obtained
with particle sizes in range from 10-30 nm and highly pure
formed in 1 h. Moreover, the SiO2/TiO2 nanocomposites’
stability increased to more than 24 h for investigating their
catalytic activity in the saltwater medium with highly
treatment efficiency respective about 66.4% and 75.2%
under the lighting conditions of the sunlight and the UVlight in 3 h for comparisons.
Keywords: RHA, SiO2/TiO2 nanocomposites, catalytic activity,
microwave, sunlight, UV-light.
1. INTRODUCTION
In last years, titanium dioxide (TiO2) nanomaterials have been
widely studied because of their unique properties, various uses
and multiple applications (i.e, in photocatalysis, air clean-up
and water purification, optoelectronic devices, environment
purification, photo-electrochemical solar energy conversion
and optical coating, etc…) [1-9]. TiO2 is one of the most
promising materials for photocatalytic environmental
applications in the form of anatase structure [10-12].
Moreover, TiO2 is largely used as photocatalyst due to its
beneficial properties, for example, high photocatalytic
efficiency, physical and chemical stability, low cost and low
toxicity [1-12].
In recent years, TiO2-SiO2 composite materials have been
successful synthesized by sol-gel method; which could easy
adjust on the structural and surface properties of the composite,
to offer unique advantages for the preparation of highly
dispersed tetrahedrally coordinated and transparent
photocatalyst materials [13]. In the other hand, TiO2/SiO2
nanocomposites were synthesized by above methods with
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reaction time longer being ~10-16 h and high temperature over
100oC.
TiO2/SiO2 composites are potential promising material in the
field of heterogeneous photocatalysis, since they could
provide simultaneously enhanced photocatalytic and thermal
properties as compared to pure TiO2 photocatalyst [14-17].
The photocatalytic activity and mechanical stability of
TiO2/SiO2 nanocomposites were determined highly dependent
on the Ti/Si ratios and improved by the addition of about 50%
SiO2 in the previous reports [18-22].
In this work, SiO2/TiO2 nanocomposites were synthesized by
the green method under supporting of microwave with SiO 2
obtained from the extraction of rice husk ash (RHA) in
Vietnam. The effect of reaction time on particle size, ratios of
SiO2:TiO2 on catalytic activity, calcinations temperature and
phase transformation of anatase to rutile TiO2 were
investigated. In addition, morphology and characterization of
SiO2/TiO2 nanocomposites were determined by TEM, EDS,
UV-vis, FTIR and XRD. Moreover, the catalytic activity of
SiO2/TiO2 nanocomposites was also studied using the sunlight
and the UV-light as an energy source to active their catalytic
capacity in the salt solution used as the saltwater medium with
highly treatment efficiency, leading to reduce amount of salt
ions in the seawater and to transform the saltwater into the
freshwater.
2. MATERIALS AND METHOD
2.1. Materials
Titanium dioxide (TiO2) powder,
3-aminopropyl
trimethoxysilane (APS: C6H17NO3Si, 95%), amoniac solution
(NH4OH) were all purchased from Acros. All solutions were
prepared using deionized water from a MilliQ system. Rice
husk ash (RHA) was collected from Vinh Long province, then
crushed and sifted to achieve raw materials’ particle sizes
~160 m.
Table 1. Chemical composition of RHA
Constituent
% Composition
SiO2
87.9
Al2O3
3.2
K2O
4.6
CaO
1.6
MgO
1.8
Fe2O3
0.6
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2.2.1. Preparation of SiO2 sol from RHA
First step, rice husk ash (RHA) (24 g) was dispersed to 300
mL of NaOH solution (2M) under stirring for 30 min. And
then, the solution was boiled under supporting of microwave
at 150 W, for 1 h. The yellow aqueous solution (DD1) was
obtained by filtration. Next step, the DD1 mixture was stirred
and gradually dropped HCl solution (2 M) until the DD1
mixture precipitated and obtained a white solid of SiO2 gel.
Final, SiO2 gel were collected by centrifugation, washed with
distilled water (DI H2O) and ethanol (ratio 1:1) about 3 times
and diffused into 200 mL of DI H2O and ethanol with ratio 1:1
to obtain SiO2 sol (DD2) more purity for the preparation of
SiO2/TiO2 nanocomposites in next steps; and dried in oven at
80oC for 12 h to determine the characterization of SiO 2
particles.
2.2.2 Synthesis of SiO2/TiO2 nanocomposites
40 mL of SiO2 sol (DD2) obtained from RHA was added to 60
mL of ethanol aqueous under stirring at room temperature.
The produced dispersion was treated by 200 L NH4OH
solution and stirred for 20 min at room temperature. After that,
TiO2 solution (i.e, various ratios about weight of TiO2 powder
(2.5; 1.43; 1.11; và 0.77 g) in ethanol (10 mL) were sequentlly
added drop to the above SiO2 solution and continuous stirred
for 10 min at room temperature. Next, the mixture of
SiO2/TiO2 solution (with different ratios between SiO2:TiO2 =
4:1; 7:1; 10:1; and 13:1, respectively) were sequential placed
in a microwave oven at 150 W for 1 h. The resulting
SiO2/TiO2 nanocomposite was centrifuged and washed with
ethanol/acetone then dried at 80oC in oven for 12 h. In order to
study phase transformation of prepared nanocomposite, it is
calcined for 2 h at 500 and 800oC and the obtained samples
were determined by XRD, respectively.
2.2.3. Characterization techniques
Spectroscopic analysis of the SiO2/TiO2 nanocomposite was
performed using a Fourier transform infrared (FT-IR)
spectrometer (Bruker Model-Vertex 70-Spectroscopy) and
UV-vis spectrophotometer (Labomed Spectro UV-VIS UVD
3500). Phase identification of the SiO2/TiO2 nanocomposite
was measured by X-ray diffraction (XRD) obtained on Philips
X-pert diffractometer using Cu K (CuK-alpha) line radiation.
The morphology of the SiO2/TiO2 nanocomposite was
determined by a scanning electron microscope (SEM; S-4800
Hitachi) and transmission electron microscopy (TEM, PhilipsEM208S electron).
2.2.4 Preparation for investigating the catalytic activity of
SiO2/TiO2 nanocomposites in the saltwater medium
100 g of SiO2/TiO2 nanocomposites were added into 1000 mL
of saltwater with concentration of 12.5‰. The mixture
solution above (DD3 solution) was stirred for 30 min to ensure
that the processing of saltwater’s adsorption and desorption on
the catalyst nanocomposites’ surfaces reach equilibrium.
The catalytic activity of SiO2/TiO2 nanocomposite was
performed by using the light conditions of the UV light and
the sunlight. The DD3 solution was illuminated in different
times respectively of 30; 60; 90; 120; 150; and 180 min using
the UV light. The DD3 solution (100 mL) was taken out every
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time being 30 min, centrifuged and determined the salt’s
concentration in the solution after centrifuging by hydrometer.
Furthermore, the SiO2/TiO2 nanocomposite’s catalytic activity
was also observed under the condition of the sunlight in the
time range from 11:00 AM to 14:00 PM. This catalyst’s
preparation is the same process that for using of the UV light,
respectively.
3. RESULTS AND DISCUSSION
3.1. Morphology and optical absorption properties of
SiO2/TiO2 nanocomposites
The UV-vis spectra of SiO2/TiO2 nanocomposites showed the
maximum absorption peak at 239 nm. Figure 1 shows the
solution absorbance spectra of SiO2/TiO2 nanocomposites
prepared with SiO2:TiO2 weight ratios of 4:1; 7:1; 10:1; and
13:1. The absorption peak of SiO2/TiO2 nanocomposites was
gradually increased intensity with increasing contents of TiO2
(spectra (d)-(a) in Figure 1). Moreover, the energy level of
SiO2:TiO2 nanocomposites at ratio of SiO2:TiO2 = 7:1 needs to
provide energy for the electron conversion is lower than that
of SiO2/TiO2 nanocomposites sample at ratio of SiO2:TiO2 =
4:1 and other samples for comparisons – see in Figure 1. Thus,
SiO2/TiO2 nanocomposite sample with ratio of SiO2:TiO2 =
7:1 is the optimal sample, since the energy need to activate for
the conversion of electron on this material was the lowest as
compared to other samples, respectively – see in Figure 1.

Figure 1. UV-vis spectra of SiO2/TiO2 nanocomposites with
weight ratios of SiO2:TiO2 of (a) 4:1; (b) 7:1; (c) 10:1; and (d)
13:1.
FT-IR spectrum of the synthesized SiO2/TiO2 nanocomposites
– see in Figure 2, show that three characteristic bands
appeared at around 1200, 950 and 750 cm-1. The absorption
peaks (bands) around 750 and 1200 cm-1 are representative of
TiO2 and SiO2 matrixes in nanocomposite. The band at ~950
cm-1 has been assigned to the stretching of the Si-O- species of
Si-O-Ti or Si-O defect sites which are formed by the inclusion
of Ti4+ ions into the SiO2 matrixes. Therefore, the appearance
of the band at ~950 cm-1 indicates that the TiO2 particles are
mounted into SiO2 matrixes with SiO2/TiO2 nanocomposite.
And the broad peak appearing at 3100-3500 cm-1 is assigned
to the feature stretching vibration of –OH groups which is
further confirmed by the weak band at ~1642 cm-1 [23, 24].
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homogeneous distributed on the SiO2 surface by silica
mixtries. Moreover, the catalytic ability of the material depend
on their morphology and surface area so much, as well as the
small particle size of catalytic materials are better than that of
bulk materials.
And the energy dispersive X-ray analysis (EDX) clearly
shows the presence of Si, Ti, and O with weights of 34.29% Si,
7.22% Ti, and 58.50% O in the sample. It confirmed the
formation of SiO2/TiO2 nanocomposites in the ratio of
SiO2/TiO2 = 5:1 as shown in Figure 5, which is approximate
with that ratio of original SiO2/TiO2 = 7:1.
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Figure 2. FT-IR spectrum of (a) SiO2 powder and (b)
SiO2/TiO2 nanocomposites.
X-ray diffraction pattern shows that the sample is
characterized by an oval single peak with diffraction angle
(2 about 22o – 23o – see Figure 3(a), which shows
amorphous structure of the synthesized SiO2 [25]. As shown
in Figure 3 (b-c), when TiO2 sol was added into SiO2 sol,
leading to appeare of the diffraction peaks at 2 = 21.5o - 23o
and 27.2o, which is characterizated for the amorphous
structure of SiO2 and the TiO2 crystalline rutile phase,
respectively [26]. Thus, It demonstrated that TiO2 has a good
adsorption on the SiO2 substrate.
Figure 3 (b-c) show the resulting of XRD patterns of
SiO2/TiO2 nanocomposite and calcined samples. It indicates
that synthesized SiO2/TiO2 nanocomposite has crystalline
anatase phase in amorphous silica matrix. The calcined
SiO2/TiO2 nanocomposites at 800oC has transform from the
amorphous silica to the crystobalite silica phase [27]. Doping
of TiO2 into SiO2 could effectively retard the growth of
nanoparticles and thus reduce the particle size. The particle
size of SiO2/TiO2 composite calcined at 500 and 800oC are
close together but 800oC a clear jump in the particle size is
shown due to transformation of the amorphous silica to the
crystobalite silica phase – see in Figure 3.

Figure 4. SEM image of SiO2/TiO2 nanocomposites at ratio of
SiO2:TiO2 = 7:1.

Figure 5. EDX spectrum of SiO2/TiO2 nanocomposites at ratio
of SiO2:TiO2 = 7:1.
Figure 6 shows representative TEM image of SiO2/TiO2
nanocomposites sample. The image of the SiO2/TiO2
composites reveals that the nanosize. Here, SiO2/TiO2
nanocomposites (10-30 nm) were uniformly formed as shown
in Figure 6. It demonstrated that the SiO2/TiO2 nanocomposite
was synthesized by a simple method under supporting of
microwave, which is seem as a green synthetic method beause
of its environmental friendly, not expensive, and rapid
reaction time, etc…

Figure 3. XRD patterns of (a) SiO2 powder and (b) SiO2/TiO2
nanocomposites at 80oC and calcined composites: (c) 500oC
and (d) 800oC with ratio of SiO2/TiO2 = 7:1.
From the resulting SEM image of SiO2/TiO2 nanocomposite
shows in Figure 4, it indicates that surface of SiO 2/TiO2
nanocomposites are porous structure and TiO2 particles
IJSET@2017
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Figure 7. Treatment efficiency of SiO2/TiO2 nanocomposites
in the saltwater medium using (a) the UV-light and (b) the
sunlight
.
4. CONCLUSION
In this study, we have successfully synthesized SiO2/TiO2
nanocomposite by green method under supporting of
microwave in 1 h at 150 W with SiO2 obtained from the
extraction of rice husk ash (RHA) in Vietnam. Herein,
SiO2/TiO2 nanocomposites have particle size around ~10-30
nm and their catalytic activity quite highly with the treatment
efficiency respective ~75.2%; and 66.4% using the UV-light
and the sunlight in 180 min for the adsorption of Na +, K+ ions
in the saltwater medium on the SiO2/TiO2 nanocomposite’s
surfaces. Thus, SiO2/TiO2 nanocomposites are potential
promising material applications in fields of treatment
environment, photocatalytic, semiconductor devices due to
their good catalytic activity, low cost and friendly
environment.
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