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Abstract: The use of TiO2 in the slurry system for the photocatalytic process has
disadvantages. It causes the resistance of UV transmission because it is cloudy and the
difficulty for obtaining the catalyst at the end of the process. Therefore, an attempt to
overcome this was conducted by compositing TiO2 on SiO2. Furthermore, carbon
material can be used as a support material for TiO2-SiO2, so that the mixed materials
can be used as a photocatalyst. The method of synthesis of the material was a sol-gel
method by varying the composition of TiO2-SiO2/graphite, which was 1:1; 1:2; and 2:1.
The material obtained was characterized by FTIR, DRUV, XRD, and SEM.
Photocatalytic activity of the synthesized material was tested in methylene blue solution,
whereas the quantitative data derived from UV-Vis spectrometry measurement.
Photocatalyst activity was carried out by varying the degradation time of 30–180 min.
The FTIR spectrum showed that O-H (∼3400 cm–1) and C-O (∼1100 cm–1) are the major
groups in the synthesized materials. The value of bandgap energy (Eg) were 4.15, 4.20,
5.22, and 5.19 eV for TiO2-SiO2, TiO2-SiO2/G (1:1; 1:2; and 2:1) composites, respectively.
The XRD pattern of TiO2-SiO2 showed that the highest peaks of 2θ were observed at
25.32, 37.71, and 47.91°. Graphite identity appeared at 2θ = 59.87°. The micrograph
of SEM showed a homogenous dispersion of spherical particles in the materials.
Photocatalytic test results showed that TiO2-SiO2/G with a composition of 2:1 has the
highest percentage of methylene blue degradation, which reached 94% at 180 min.
Keywords: titanium dioxide; silica; graphite; photocatalytic; methylene blue

■

INTRODUCTION

Methylene blue is a chemical used in the textile and
painting industry. Industrial dye and textile dye are one of
the largest groups of toxic organic compounds [1].
Methylene blue becomes the primary source of
environmental contamination. The degradation and
conversion of them into harmless substances is an
important issue [2]. Physical and chemical methods are
used to solve this problem. However, the complexity of
the organic compound becomes a severe problem. The
conventional method only transfers the pollution from a
phase to another phase and concentrate them, and also are
non-destructive processes. In recent years, the Advanced
Oxidation Process (AOPs) techniques become more
popular than conventional methods. An example of AOPs
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is photocatalytic using titanium dioxide (TiO2) as a
catalyst.
Titanium dioxide is widely known as a
photocatalyst in the photocatalytic method. This
method has the advantage of being able to degrade
organic matter with complex structures. However, the
use of TiO2 in the photocatalytic process has a
disadvantage. The turbidity generated in aqueous
solution by TiO2 dispersion will inhibit UV light
transmission as an activator of TiO2 catalysts. Also, TiO2
in the form of slurry will make difficulties in separating
TiO2 at the end of the photocatalytic process [3-5].
A photocatalytic reaction occurs when TiO2
photocatalyst is irradiated with energy equal or greater
than the bandgap energy, the electron moves to the
conduction band to generate positive holes in the
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valence band. The positive holes can react with adsorbed
H2O to form hydroxyl radicals while the electrons react
with O2 to form superoxide radicals. The OH and O2
radicals can oxidize the pollutants in solution with
adsorbed contaminants. Otherwise, these electron and
hole pairs can recombine and restrict the efficiency of
TiO2 photocatalyst [6]. Thus, much effort has been made
to overcome this problem. One of them is to combine
TiO2 into other materials.
Titania-carbon nanotubes composite was used to
degrade organic pollutants in aqueous solutions. This
composite can increase UV radiation adsorption
compared to pure TiO2. Doping TiO2 with nonmetal
elements has received much attention, especially for
carbon element, whereas the C element did not enter the
TiO2 lattice but deposited on the surface of TiO2 grains
[7]. Another example of photocatalyst material is
graphite/PbTiO3 composite that can be used for
photocatalysis and photoelectrocatalysis of organic
matter [8]. The combination of TiO2 with carbonaceous
nanomaterials can increase photocatalytic activity [9].
Carbon nanotubes are used as TiO2 supports, and it can
increase electron-hole recombination time as electron
catchers
[10].
Besides
that,
rGO-ZnO-Fe3O4
nanocomposite was made using the solvothermal method
and tested its photocatalytic activity on rhodamine B
samples [11]. The results of this study indicate that the dye
could be degraded to 90%, and the nanocomposite was
quickly recovered with magnetic fields. This recovery
method can occur because of the presence of Fe3O4 in the
synthesis material. Magnetic photocatalysts containing
TiO2 nanocrystals have been synthesized, and the result is
that the catalyst can be separated easily from the wastes.
Photocatalytic activity of Fe3O4/TiO2-Co has been tested
to degrade methylene blue, and the catalyst can be
separated magnetically [5].
Titanium dioxide can also be applied to carbon-based
materials. Photocatalysis using TiO2-biochar (biomass
charcoal) can be used to degrade sulfamethoxazole [12].
Biochar is used as a cheap and efficient TiO2 support to
reduce the electron-hole recombination rate during the
photocatalysis process, efficient insertion of TiO2, to
increase adsorption capacity, and to make the separation
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of photocatalysts from samples after use can be
conducted efficiently. Granule activated carbon plays a
useful role in the process of photocatalysis of carbofuran
[13]. The results of this study indicate that 100% of
carbofuran can be degraded.
The structure and chemical composition of TiO2SiO2 nanopowder composites changed the photocatalyst
activity [14]. The silica doped in the titania matrix can
increase the photocatalytic activity because the silica
doping decreases particle size and also increase the
specific area. The catalytic activity of TiO2-SiO2 is better
than TiO2 and SiO2 [3,15]. The structure of the synthesis
material can change with the calcination process. Also,
the composition of SiO2 in TiO2-SiO2 composites
determines its photocatalyst activity. The TiO2/SiO2functionalized carbon nanotubes are among the most
promising photocatalytic candidates for the degradation
of emerging pollutants [16].
In this study, the synthesis of TiO2, TiO2-SiO2, and
TiO2-SiO2/G composites will be carried out using the
sol-gel method. The composite materials obtained were
analyzed using FTIR, DRUV, SEM, and XRD. The
materials were then tested on the industrial waste model,
methylene blue dye, to determine the photocatalytic
activity (time variation). The profile of methylene blue
reduction is done by observing the UV-Vis spectrum
profile.
■

EXPERIMENTAL SECTION

Materials

Titanium
tetraisopropoxide
(TTIP)
and
tetraethylorthosilicate (TEOS) were obtained from
Aldrich. Sodium hydroxide (NaOH), nitric acid (HNO3),
ammonium hydroxide (NH4OH), ethanol (C2H6O), and
methylene blue were acquired from Merck. Hydrochloric
acid (HCl) was derived from Mallinckrodt. Used dry
battery cells was taken for graphite source, and DI water
was used to make all solution.
Instrumentation

In this research, the instrumentations used were a
photocatalytic reactor and UV-Vis Spectrophotometer
(Shimadzu 1280). Instrumentations used for
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characterization of composites were FTIR Prestige 21
(Shimadzu), X-Ray Diffraction (XRD X'PERT POWDER
PW 30/40), and Diffuse Reflectance Ultra Violet
Spectrophotometer (Shimadzu DR UV 2450), Scanning
Electron Microscope-SEM Hitachi SU3500, using Au
coating.
Procedure
Preparation of graphite

Carbon powder was taken from used dry battery
cells. The powder was ground and soaked in 250 mL of
0.1 M nitric acid solution for 24 h. The suspension was
separated into filtrate and residue. The residue was
washed with distilled water and dried at 80 °C for 3 h.
Carbon powder was sifted; the carbon used was the
particle with size ≤ 100 mesh.
Preparation of TiO2-SiO2

Five milliliters of TEOS was mixed to ethanol by 1:6
comparison. TEOS was added to ethanol dropwise. Then,
HCl 0.05 M was added drop-by-drops to the solution until
the pH of the mixture solution was 2, continued by
stirring for 2 h. The product from this step was called SiO2
solution.
Titanium tetraisopropoxide was dissolved in DI
water by comparison (1:14). The solution was stirred until
homogeneous for 2 h, and SiO2 solution was poured to
75 mL TTIP solution. It was stirred for 24 h. An amount
of 0.05 M NH4OH was added to adjust the pH solution.
The solution of Ti-Si was stirred until homogeneous and
heated at 65 °C for ± 1 h to obtain sol-gel. For the aging
process, the sol-gel was heated at 100 °C for 2 h.
Preparation of TiO2-SiO2/G composite

The method is a modification of Purnawan et al. [8].
First step: 5 mL of TEOS was added dropwise into 30 mL
ethanol while the solution was stirred continuously. It was
added by 2 mL of 0.05 M HCl slowly to the system until
the pH of the solution was two and stirred for 2 h. Second
step: 5 mL TTIP was dissolved in 70 mL of DI water. It
was continued by mixing process until homogeneous, and
then added by the solution derived from the first step, and
stirred for 24 h. An amount of 0.05 M NH4OH was added
to adjust the pH then stirred until homogeneous. The
graphite powder was combined with variations of 1:2, 1:1,
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and 2:1 %w/w (TiO2-SiO2/G). The suspension was
heated at 65 °C for 1 h. The sol form was heated at
150 °C for 2 h to have an aging process. The sol-gel of
TiO2-SiO2/G was calcinated at 400 °C for 2 h, to produce
TiO2-SiO2/G composite.
Photocatalytic of methylene blue

The photocatalytic activity of the TiO2-SiO2, TiO2SiO2/G = 1:1, TiO2-SiO2/G = 1:2, TiO2-SiO2/G = 2:1, and
graphite was evaluated by observing the degradation
process of methylene blue (MB) solution, as a model of
industrial waste. The initial concentration of MB was
14 mg/L, and the sample solution volume was 200 mL.
The mass of the loading catalyst was 1 g/L. The reactor
was irradiated with a 6 × 10 W UV black light lamp. The
starting point (t = 0) of the reaction was defined as the
point where the concentration of the sample solution
was recorded as Co. Afterward, 3 mL of each mixture was
taken at regular intervals of 30, 60, 90, 120, 120, and
105 min. The powders were separated using a 0.45
membrane filter. The dye concentration in the solution
(filtrate) was measured as a function of the irradiation
time. The measurement was conducted using a UV-Vis
spectrophotometer. The spectral range was investigated
at λ = 665 nm. The degradation capacity (η%) was
calculated as η(%) = (1–C/Co) × 100% [5,8,17].
■

RESULTS AND DISCUSSION

The sol-gel and hydrothermal method have been
considered as an alternative for Si-Ti preparation due to
no requirement of high temperature. The precursor of
Ti and Si were derived from TTIP and TEOS,
respectively. The hydrolysis starts when the precursor
reacts with water and follows by the condensation
process that changes the solution to become the sol.
After solvent vaporization, the gel will be formed, and
after the drying process, the silica-titania mixture is
obtained.
The criteria of adsorbents in integrated
photocatalyst system are high adsorption capacity yet
moderate affinity to the target compound and
reasonable transparency to UV-Vis light. Other
requirements of the materials are high surface area with
acceptable pore size, acting as support material which
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inhibits leaching of photocatalyst, and good stability with
solvent and reusability [18]. Graphite is chosen in this
research as the adsorbent.
FTIR Analysis

FTIR spectroscopy was used to characterize the
interaction between graphite, titania, and silica. Fig. 1
shows the FTIR spectra of the graphite and titanium
dioxide. The dominant peaks that are commonly present
in graphitic material such as 1008, 1579, and 2922 cm–1
correspond to the stretching of C-O, asymmetric
stretching vibration of C=C, and stretching of C-H. This
data is supported by Basheer [6]. The broad peak related
to the vibration of the hydroxyl (–OH) group also can be
seen at a wavenumber of 3425 cm–1. The IR spectra of TiO2
show a broad and strong band at 3408 and 1631 cm–1 that
can be identified as –OH groups from the adsorbed water
on the surface of titania indicating stretching and bending
vibration, respectively.
Fig. 2 shows the comparison of the IR spectrum
between TiO2-SiO2/G in various compositions. The
pattern of TiO2-SiO2/G and TiO2-SiO2 is quite similar.
The peak observed at ∼1100 cm–1 corresponds to Si-O-Si
asymmetric stretching vibration. The Si-O-Ti vibrates at

∼960 cm–1. The more the graphite added into the
mixture of titania-silica, the lower the intensity of the
OH band became. The data was supported by Riazian,
[14], and Yaseen et al. [15]. Further characterization is
needed to determine the effect of graphite addition to
the TiO2-SiO2 composites.
DRUV Analysis

Fig. 3 shows the DRUV spectra of synthesized
materials. This characterization was conducted to
measure the band gap energy of materials. The value of
band gap energy (Eg) was determined using the Tauc
plot of the Kubelka Munk equation. The Eg of materials
were 4.15, 4.20, 5.22, and 5.19 for TiO2-SiO2, TiO2SiO2/G = 1:1, TiO2-SiO2/G = 1:2, and TiO2-SiO2/G = 2:1,
respectively. Based on this data, the lowest band gap
energy is TiO2-SiO2. The addition of graphite to TiO2SiO2 can increase the number of band gap energy. The
more the number of graphite added to the Ti-Si makes
the Eg becomes higher than the others.
XRD Characterization

There are three crystalline forms of TiO2 which are
anatase, brookite, and rutile. The anatase phase is reported

Fig 1. FTIR spectrum of graphite (a) and titanium dioxide (b)
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Fig 2. FTIR spectrum of synthesized materials

Fig 3. DR-UV Visible spectra of TiO2-SiO2 (a), TiO2-SiO2/G=1:1 (b), TiO2-SiO2/G=1:2 (c), and TiO2-SiO2/G=2:1 (d)
to give the best combination of photoactivity and
photostability. The TiO2-SiO2 has the highest peak at 2θ =
25.32; 37.71 and 47.91°. The data reported was compared
to the TiO2 standard (JCPDS No. 01-075-2546) and SiO2
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standard (JCPDS No. 01-070-2535). It can be seen that
the TiO2-SiO2 diffraction pattern follows the dominant
characteristics of TiO2, while the amorphous SiO2
influences the intensity of the composite diffraction
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pattern. The composite characteristics of TiO2-SiO2 also
show a similar pattern with TiO2 crystals, which can be
seen in Table 1. The identity of SiO2 appeals at 2θ of 53.70
and 62.54°, which corresponds to (022) and (113) planes,
respectively.
Fig. 4 shows the XRD pattern of TiO2-SiO2 and three
formula of TiO2-SiO2/G. The diffractogram shows the

presence of graphite, TiO2, and SiO2 in the sample. A
characteristic angle shift occurs for TiO2-SiO2 after
interaction with graphite. However, the diffraction
pattern of TiO2 appears at 2θ of 25.32 and 37.71°, which
corresponds to (101) and (004) planes. The SiO2-G
characteristic was confirmed at 2θ =59.87°, which was
concluded by comparison with the standard graphite

Table 1. d Spacing of TiO2 and TiO2-SiO2 lattices
Samples
TiO2

TiO2-SiO2

h
1
0
2
1
0
2
0
1

k
0
0
0
0
0
0
2
1

L
1
4
0
1
4
0
2
3

2θ (deg)
25.47
37.75
47.96
25.32
37.71
47.91
53.70
62.54

dhkl (Å)
3.49
2.38
1.89
3.51
2.38
1.89
1.71
1.48

Assigned Peak of
NA
NA
NA
TiO2
TiO2
TiO2
SiO2
SiO2

Fig 4. Diffractogram of TiO2-SiO2 (a), TiO2-SiO2/G=1:1 (b), TiO2-SiO2/G=1:2 (c), and TiO2-SiO2/G=2:1 (d)
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Table 2. Comparison of 2θ and dhkl of synthesized materials
Samples
TiO2-SiO2

TiO2-SiO2/G = 1:1

TiO2-SiO2/G = 1:2

TiO2-SiO2/G = 2:1

h
1
0
2
0
1
1
1
0
1
1
1
1
0
1
1
1
0
1
1

K
0
0
0
2
1
1
1
0
2
0
1
1
0
0
1
1
0
2
0

L
1
4
0
2
3
0
0
4
1
3
0
0
4
3
0
0
4
1
3

diffractogram (JCPDS No 03-065-6212). Interestingly,
when graphite was added to TiO2-SiO2, the characteristic
of the two diffraction angles for TiO2 shifted from 2θ =
25.32° to ∼28.85° and 2θ = 37.71° to ∼36.04° after the
composite was formed. This phenomenon reveals that
there was a change of TiO2 form; anatase becomes rutile.
Some publications stated that dopant could be a reason
for anatase to rutile transition, size, and strain of materials
as the factors [19-20]. This result is supported by
Rahmawati et al., the character of 2 theta of SiO2TiO2/Graphite is labeled as rutile rises in 37.53° [21]. The
transformation in its publication is due to the use of high
temperature in the calcination process. Anatase and rutile
phases are easier to differentiate since the first two
reflection peaks are well separated. The 2 theta of anatase
is 25.28° for d101 while the rutile gives 27.44° for d110 [22].
This research indicates that graphite tends to change the
phase of TiO2 in TiO2-SiO2 but not entirely, so the TiO2
becomes a mixture of rutile-anatase.
The identity of graphite shows that the d103 peak
presents at 59.8° with a value of 1.54 Å. To look deep that
the character of Si in TiO2-SiO2 is 53.7, and 62.54° become
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2θ (deg)
25.32
37.71
47.91
53.70
62.54
28.85
32.33
36.04
58.54
59.87
28.84
32.34
36.03
59.90
28.87
32.33
36.02
58.47
59.80

dhkl (Å)
3.51
2.38
1.89
1.71
1.48
3.09
2.77
2.49
1.58
1.54
3.09
2.77
2.49
1.54
3.09
2.77
2.49
1.58
1.54

Assigned Peak of
TiO2 (A)
TiO2 (A)
TiO2
SiO2
SiO2
TiO2 (R)
SiO2
TiO2 (A)
SiO2
G
TiO2 (R)
SiO2
TiO2 (A)
G
TiO2 (R)
SiO2
TiO2 (A)
SiO2
G

32.33 and 58.54° in TiO2-SiO2/G. The peak at value d121
of 58.80° disappears when the formula with more
graphite than the TiO2-SiO2 (TiO2-SiO2/G = 1:2). This
phenomenon proves that the composite has a different
phase composition when the formula is changed.
SEM Analysis

The SEM images of TiO2-SiO2, TiO2-SiO2/G = 1:1,
TiO2-SiO2/G = 1:2, and TiO2-SiO2 = 2:1 are shown in Fig.
5(a–d). As can be seen in Fig. 5, there is an increasing
roughness throughout the surface of the TiO2-SiO2/G
with the increase of loaded TiO2-SiO2. The aggregates on
the images indicate the existence of interaction of the
titanium dioxide layers on the particle surface
(graphite). The uniform of a homogenous dispersion of
spherical particles is the outcome of synthesis that takes
place during the condensation stage [23]. This data
supports the XRD analysis that Ti-O-Si was formed.
This structure can provide significant surface area
contact between TiO2-SiO2 and graphite particles, and
also have a good potential for carrier transport, related
to the photocatalytic activity.
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Fig 5. Micrograph SEM of TiO2-SiO2 (a), TiO2-SiO2/G= 1:1 (b), TiO2-SiO2/G = 1:2 (c), and TiO2-SiO2/G= 2:1 (d)
Photocatalytic Activity

The TiO2 itself as the photocatalyst faces several
problems, (1) the difficulty in separating the powder from
the solution after the reaction is complete, (2) aggregation
of particles in suspensions, and (3) difficulty in an
application for continues flows system [9]. The graphite
can provide a high-surface-area structure over which
TiO2 particles may be distributed and immobilized. The
role of SiO2 is as electron trapper for the excited electron
from the valence band of TiO2, and this mechanism can
reduce the possibility of electron-hole recombination [21].
The combination of TiO2-SiO2 material already
proved to give an increase in photocatalytic activity. The
combination of TiO2-SiO2 as a catalyst in the
photocatalytic process showed an excellent activity to
degrade organic compound, phenol, and linear alkyl
benzenesulfonate [3]. Also, graphite silica was used by
Ikeda et al. to the photocatalytic process to produce
hydrogen [24]. The GS successfully combined with TiO2,
and as the results, the photocatalytic activity increases
significantly.
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The photocatalytic activities of graphite and TiO2SiO2/G composites were evaluated by degradation of a
hazardous textile dye (methylene blue, MB). Absorbance
spectra of MB aqueous solution were measured using a
UV-Vis spectrophotometer at 500–750 nm are shown in
Fig. 6. The spectra were taken after irradiation of MB
solution for specific irradiation time (0, 30, 60, 90, 120,
150, and 180 min). Generally, it can be seen clearly that
absorbance peaks at 665 nm decreased with increasing
of irradiation time (Fig. 6(a–e).
The photocatalytic activities of all materials on the
degradation process of MB were shown via the plot of
degradation efficiency as a function of time (Fig. 6(f)).
The data demonstrated that photocatalytic activity by
applying the graphite itself has an efficiency value of
14%, the lowest value than other composites. After using
the TiO2-SiO2/G as the photocatalyst, the efficiency can
increase sharply where the range of the value is 65–94%.
The photocatalytic ability by applying TiO2-SiO2 gave an
efficiency value of 83%, higher than TiO2-SiO2/G = 1:1
(76%) and TiO2-SiO2/G = 1:2 (65%). By having more
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Fig 6. The degradation profile of MB using synthesized materials (a-e) and the efficiency of degradation versus
irradiation time using all synthesized materials (f)
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graphite in TiO2-SiO2, the efficiency become lower. On
the contrary, while TiO2-SiO2 had been added with G in a
ratio formula of 2:1, the data give 11% increase from the
activity of TiO2-SiO2, to be 94%. It can be concluded that
the role of graphite can increase the activity of TiO2-SiO2
in a particular formula. The result of this research has an
agreement with Lang and Matejka [25] and
Andriantsiferana et al. [26].
The existence of graphite in the TiO2-SiO2
composite may increase the rate of MB photodegradation.
Guidetti et al. reported that graphite can decrease the
charge recombination rate, and increases the efficiency of
the reactive species photo-production, so that the
photocatalytic activity can increase [27]. The
photocatalytic of anatase is higher than rutile. This
performance is attributed to a higher density of localized
states and consequent surface-adsorbed hydroxyl radicals
and slower charge recombination in anatase relative to
rutile [20]. Even though, based on this data, the
composition of G in TiO2-SiO2 composite role significant
effect on photocatalytic power. The bandgap of TiO2SiO2/G has a broad band gap, which is 4.1–5.2 eV allows
the adsorption of the photon to excite an electron from
the conductance band to the valence band. When the
excitation happens, electron-hole is generated. The
electron reacts with an O2 molecule creating an
unstable⋅O2– molecule. At the same time, the
photogenerated holes (h+) with strong oxidation ability
could react with H2O to produce radical hydroxyl (•OH).
The generated species can degrade the MB and other
organic complex dyes [28].
■

CONCLUSION

The titanium-silica-graphite composites were
successfully synthesized by the sol-gel method. The
precursors are TTIP, TEOS, and graphite from the used
battery. The character of the FTIR spectrum showed that
O-H (∼3400 cm–1) and C-O (∼1100 cm–1) are the major
groups in the synthesized materials. The value of band gap
energy is increasing by the addition of graphite. The
Diffractogram of XRD shows the identity of Ti, Si, and
graphite. The micrograph of SEM showed the uniform of
a homogenous dispersion of spherical particles in the
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materials. Photocatalytic test results with these synthesis
materials as a catalyst to degrade methylene blue showed
that TiO2-SiO2/G with a composition of 2:1 has the
highest percentage of degradation, which reached 94%
at 180 min.
■
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