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Abstract. This study investigated the synthesis of TiO2/SiO2 by using a sol-gel method with 
the addition of difference of the mass ratio of Titanium (Ti):Graphene Sheets (GSs) (1:0; 

1:0.04; 1:0.07; 1:0.14) and the variation of calcination temperature (Tcal) (400 ℃; 450 ℃; 

500 ℃). The synthesized composites were analyzed by X-ray powder diffraction (XRD) and 

Scanning electron microscope and energy dispersive X-ray spectrometer (SEM-EDS). The 
TiO2/SiO2/GSs XRD pattern shows anatase and rutile phases as well as graphite at the near 
point of 2θ (26°-27°). The tendency of anatase phase according to GSs ratio and Tcal 
variables is decreasing with an increase in the GSs ratio and Tcal. The crystal size was in the 
range of 24 – 41 nm. The decolorization of methylene blue was done under four conditions: 
dark, UV lamp, LED, and solar light. The photocatalytic activity result under solar light is 

comparable with UV light. The photocatalyst with a ratio at 0.07 and Tcal at 450 ℃ gave 

the maximum efficiency of MB decolorization under solar light with 97.83 % within 3 hours. 
The reusable TiO2/SiO2/GSs show a slight fall in efficiency after four cycle times. 
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1. Introduction 
 
The photocatalyst is the material that can accelerate 

photoreaction without being consumed as a reactant [1–
3]. While it can also be defined more as a material that 
absorbs light quanta and provides chemical 
transformation repeatedly, coming into intermediate 
reaction and regenerating its composition [4–6]. 
Photocatalyst has two main stages: (i) adsorption of the 
reactants on to catalyst surface and (ii) photocatalytic 
activity of catalyst as a reaction with reactants. The 
reactant adsorption on the surface of the photocatalyst has 
a crucial role in the photocatalytic activity mechanism [7–
10]. 

Titanium dioxide (TiO2) is the semiconductor 
material that is widely used as photocatalyst for the 
degradation of several pollutants. Semiconductor 
materials have a bandgap between conducting band and 
valence band [11]. These bands determined the electrical 
conductivity of materials. When the light in a certain 
wavelength illuminated TiO2, that energy will induce the 
electrons on valence band to excited into conducting band. 
These free electrons will move along the surface or near 
the surface of TiO2 yet the hole of electrons is in the 
valence band [12,13]. 

TiO2 is the most widely used photocatalyst among 
them. TiO2 has attracted attention because of its desirable 
physicochemical properties such as thermal and chemical 
stability, relatively high photocatalytic activity, low toxicity, 
and low cost. However, the bandgap of TiO2 is generally 
a range of 3.0-3.2 eV [1, 14], which gives work range as 
photocatalyst under UV range (100 – 400 nm). It almost 
makes TiO2 cannot effectively work under the radiation of 
solar light (only 3-5 % of the solar spectrum) [15]. 

Somehow, nonmetal doping was effective to obtain a 
visible light response. In recent years, carbon in graphene 
form is popular doping material to decrease the bandgap 
of semiconductors, especially in photocatalyst applications. 
The graphene is considered as an impurity in TiO2 
structural system, the bandgap of graphene will overlap 
with TiO2, in this case, the conduction band of graphene 
will be lower than TiO2 then it will decrease the gap 
between the conduction band of graphene and valence 
band of TiO2 [16]. Its properties such as the large BET 
area (which providing more active adsorption sites), 
chemical inertness, zero bandgap (which acting as a 
sensitizer), high electron mobility (which prolong electron 
lifetime), electron storage ability (playing as an electron 
tank), and tunable structural give another advantage to 
modified the photocatalysts [17, 18].  Therefore, the 
composite of graphene and semiconductors, especially 
TiO2, is currently being considered as a potential 
photocatalyst in air and water purification. The graphene 
based TiO2 composite exhibit enhanced photocatalytic 
activity in comparison with only TiO2 [19]. 

Photocatalyst in the case of environmental 
purification will act as adsorbent and photocatalyst. Those 
actions take place at the same time. Since the 
photocatalytic reaction will take place mostly near the 

surface of photocatalyst. To enhance the adsorptive of 
TiO2, SiO2 will be added to increase the surface area for 
adsorption [20]. SiO2 also is known as the material that can 
improve the photocatalytic process of TiO2 [21]. 

The aim of this work is mainly focused on the effect 
of the addition of GSs on TiO2/SiO2 photocatalyst in 
terms of the change of structure and work range of 
photocatalytic processes. The preparation of TiO2/SiO2 
has been studied under Klondon work [22]. The variables 
were the amount of GSs and the calcination temperature 
(Tcal). The effects of these variables on the methylene 
blue degradation during photocatalysis with a variation of 
applied light sources e.g. dark, UV lamp, LED lamp, and 
solar light were investigated. 
 

2. Materials and Methods 
 

2.1. Preparation of TiO2/SiO2/GSs 
 
10 mL of Ti-n-butoxide is diluted by 35 mL of 

absolute ethanol, became solution A. Then the mixture of 
3 mL of HNO3 concentrated, 35 mL of absolute ethanol 
and 10 mL of deionized water, called solution B. GSs pure 
was added into solution B with mass ratio Ti:GSs (1:0; 
1:0.04; 1:0.07; 1:0.14) are labeled as G0; G0.04; G0.07; and 
G0.14 respectively. The SiO2 was added into the mixed 
solution to make the ratio of TiO2:SiO2 is 1:1. SiO2 that be 
used was prepared from rice husk with H2SO4, as 
published in Klondon work [22]. 

TiO2/SiO2/GSs photocatalyst was synthesized by the 
sol-gel method. Solution B with the variation ratio of GSs 
was added into solution A slowly under stirring and stirred 
for 1 hour. 1.5 g of SiO2 was added under stirring then 
kept the solution for one day. Finally, the solution is drying 

at 110 ℃ for 12 hours. This sample continues to calcine 

with the variation of temperature from 400 ℃, 450 ℃, 

and 500 ℃  (sample coding T400, T450, and T500 

respectively) for 6 hours. The composite photocatalyst of 
TiO2/SiO2/GSs was finally obtained. 

 
2.2. Characterization of TiO2/SiO2/GSs 

 
The identification of the crystal phase of the 

composite was performed using a Bruker D2 PHASER 
XRD. In titanium dioxide, XRD provides information 
about the major peaks of the structure phase of TiO2.  The 
major peaks of pure anatase at 2θ consist (101), (004), 
(200), (105), (204), (220), and (215) planes. Meanwhile for 
rutile have intensity at (110), (101), (200), (111), (210), (211) 
and (220) planes [18, 23, 24]. The XRD patterns show 
different peak broadening which inversely proportional to 
the average crystal size of TiO2/SiO2/GSs according to 
Scherrer equation [15, 16] as in Eq. (1) 

Dp=
Kλ

βcosθ
   (1) 

where Dp is the crystal size (nm), K is the Scherrer 
constant, like 0.89 for cubic crystallite shape [25], λ is the 
x-ray wavelength (Cu Kα radiation source, 0.154178 nm), 
β is the full width at half maximum (FWHM), and θ is the 
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diffraction angle (2θ of peak (101) of anatase is 25.30°). 
The ratio between crystal phase of TiO2 also can be 
calculated from XRD result by following equation [15, 26] 

% of anatase phase=
100

1+(IR 0.791IA⁄ )
  (2) 

where IR and IA are the strongest intensities of rutile and 
anatase phase, respectively. 

The structure of TiO2/SiO2/GSs was characterized 
by using FE-SEM JEOL JSM 7800F to analyze surface 
properties. The detector that was used is a backscattering 
detector because the sample has a high atomic number 
which backscattered electrons stronger thus appear 
brighter in the image. It can detect the contrast between 
areas with different compositions. EDS was used in 
conjunction with SEM to characterize the elemental 
composition. After an electron beam bombarded the 
sample, a relative abundance of x-ray emitted from the 
sample be measured by the detector to determine the 
element composition of sampled volume. The samples 
were labeled by their ratio G0, G0.04, G0.07, and G0.14 

with T400, T450, T500 as represented to Tcal 400 ℃, 

450 ℃, and 500 ℃, respectively. 

 
2.3. Photocatalytic Activity 

 
The photocatalytic activity of the TiO2/SiO2/GSs 

was investigated by using the degradation of Methylene 
Blue (MB) solution. The MB solution was prepared by 
dissolved 20mg of methylene blue (C16H18N3SCl) with 1L 
of deionized water to be stock solution 20 mg/L. This 
solution then was diluted to be standard from 2, 4, 6, 8, 
and 10 mg/L, also the initial condition (2.5 mg/L) for 
photocatalytic reaction. 

The initial condition was done by analyzing the 
degradation of MB by variation of the amount of 
photocatalyst (0.05 g; 0.1 g; and 0.15 g) in a 100 mL MB 
solution of 2.5 mg/L under solar light. The initial 
concentration of MB also was determined by put 0.1 g of 
the photocatalyst into 100 mL MB solution of 1 mg/L, 2.5 
mg/L, and 4 mg/L. 

 

 
Fig. 1. Experimental setup for Methylene Blue 
decolorization by TiO2 photocatalyst in the dark box (left) 
and with different light sources (left) and an open system 
under solar light (right). 

 

The 0.1 g of the composite was put into a 100 mL 
solution of 2.5 mg/L of MB in the reactor under the 
different applied light sources, e.g., UV lamp, LED lamp, 
and solar light. The dark condition was also tested to show 
how the adsorption takes place in photocatalyst when it 
has no light source. The UV lamp that is used has power 
4 W and wavelength 366 nm while an LED lamp has 
power 35 W and wavelength 557 nm. The monitoring 
under solar light was restricted from 11 am to 4 pm 
according to peak sun-hours in Thailand (5 hours). The 
interval of measurement of MB concentration change was 
in every 30 minutes for 3 hours of data.  

The 5 mL of decolorization solution was analyzed by 
using a T80+ PG instrument UV-Vis spectrophotometer 
with absorbance at a wavelength of 665 nm. The 
photocatalytic activity was measured as the decolorization 
of MB by the following equation: 

%decolorization=
C0-Ct

C0
×100%  (3) 

where C0 and Ct are the initial concentration and 
concentration at the time of MB, respectively. The 
variation of catalyst loading (0.05 to 0.15 g of 
TiO2/SiO2/GSs) and the initial concentration of MB (1 to 
4 mg/L) were investigated. The photocatalytic activity of 
optimum condition was also measured with three-time 
cycles. 

The kinetics of photocatalytic degradation of MB was 
based on the most used Langmuir-Hinshelwood (LH) 
kinetics, is given by: 

r=-
dC

dt
=

krKC

1+KC
   (4) 

where r is the rate reaction (mg/L min) that changes by 
time t (min), C is the concentration at any time during 
degradation (mg/L), kr is limiting rate constants of 
reaction at maximum coverage, and K is the equilibrium 
constant for adsorption of the substrate onto catalyst [27]. 

The integrated expression of this equation can 
calculate the constant kr and K in Eq. (4) by limit C = C0 
at t = 0 and C = C at t = t. the integrated can be expressed: 

ln (
C0

C
)+K(C0-C)=krKt  (5) 

The LH kinetics on the first order has condition 
KC<<1. If so, Eq. (4) becomes r=krKC and be integrated 
into first-order kinetics and is given by: 

ln
C0

Ct
=kt    (6) 

where k (krK)is the rate constant (min-1) and t is the 
degradation time (min). 

Since in photocatalyst, there are two process 
simultaneously occur (adsorption-desorption and 
degradation), kinetic models need to consider the 
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2
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transformation of MB to adsorbed MB (MBTiO2) and to 
photodegraded product (MBpr) processes as well [28]. The 
processes can be described as in the work of Giovannetti 
et al. [28], as following; 

MB+TiO2 comp→MBTiO2
 (7) 

MBTiO2
+hv→MBpr (8) 

The kinetics of MB decreased and the formation of 
MBTiO2 and MBpr is given by: 

-
d[MB]

dt
=k1[MB] (9) 

d[MBTiO2
]

dt
=k1[MB]-k2[MBTiO2

] (10) 

d[MBpr]

dt
=k2[MBTiO2

] (11) 

By integrated Eq. (9) into [MB]t=[MB]0e-k1t and 
substituted into Eq. (10), can be obtained: 

d[MBTiO2
]

dt
=k1[MB]0e-k1t-k2[MBTiO2

] (12) 

and integrated to become: 

[MBTiO2
]=

k1

k2-k1

(e-k1t-e-k2t)[MB]0 (13) 

During the process at any time t, [MBpr]=[MB]
0
-[MB]t-

[MBTiO2
]
t
, then substitute with integration Eq. (9) and 

Eq. (12) may be obtained: 

[MBpr]= {1+
k1e-k2t-k2e-k1t

k2-k1
} [MB]0 (14) 

 
 

3. Result and Discussion 
 

3.1. The Characterization of TiO2/SiO2/GSs 
 
The phase of TiO2 was known to affects the ability of 

TiO2 as photocatalyst. XRD characterized the crystal 
phase of the composite of TiO2/SiO2/GSs while FE-
SEM/EDS analyzed the physical structure and elemental 
components. The EDS result was showed on the %w of 
Ti and C presence, which was analyzed on 5 points for 
each sample and presented as mean data. The preparation, 
especially for the ratio composition and calcination 
treatment, gives the effect into its surface properties. 

 
3.1.1. Effect of GSs ratio 

 
XRD result in Fig. 2(a) can be used to know how the 

proportion of TiO2 and GSs for each sample, based on 
their strongest intensity. The XRD patterns of the sample 
based on the amount of GSs also show a tendency of 
intensity and a decrease in FWHM, which means that an 
increase in crystal size. The crystal size of the 
TiO2/SiO2/GSs composite was in the range of 25-40 nm, 
as to be presented in Fig. 2(b). The GSs induce the TiO2 
phase change from anatase to rutile in the form of their 
bonding between TiO2 and GSs. 

 

 

 
Fig. 2. (a) XRD pattern of TiO2 photocatalyst with a 

variation of GSs ratio (T450 ℃) and (b) the interpretation 
data of the XRD result. 

 
Fig. 3. EDS result of TiO2/SiO2/GSs at Tcal 450 ℃. 

From the EDS results, it is shown that the increasing 
amount of C concerning the increasing of GSs ratio as it 
is seen in Fig. 3. The carbon content in the spectrum of 
sample G0 may be the result of the residue of raw 
materials used to prepare the sample. On the other hand, 
Ti (titanium) presence decrease, adjust with the presence 
of C content. From these investigations can be concluded 
that the increase in the GSs results in the larger crystal size 
and the continuous phase change from anatase to rutile. 

 

20 25 30 35 40 45 50 55 60 65 70

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

G0.14

G0.04

G0.07

G0

In
te

n
si

ty
 (

a.
 u

.)

2 Theta (degree)

Anatase

GSs

24.63

32.69 32.44

39.0990.62

86.92

83.82 83.78

80

82

84

86

88

90

92

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

G0 G0.04 G0.07 G0.14

A
n

at
as

e 
(%

)

C
ry

st
al

 S
iz

e 
(n

m
)

Crystal size

% Anatase

36

37

38

39

40

41

42

43

44

45

46

1

3

5

7

9

11

13

G0 G0.04 G0.07 G0.14
W

ei
g
h

t 
%

 o
f 

T
it

an
iu

m

W
ei

g
h

t 
%

 o
f 

C
ar

b
o
n

 

C Ti

a 

b 



DOI:10.4186/ej.2021.25.6.1 

ENGINEERING JOURNAL Volume 25 Issue 6, ISSN 0125-8281 (https://engj.org/) 5 

 
Fig. 4. The proposed structural model of TiO2/SiO2/GSs 
in a one-unit cell of anatase phase. 

The result of both XRD and EDS can be speculated 
as to the structural model, as displayed in Fig. 4. The C 
that is modeled based on GSs is possible to be bonded to 
the oxygen on TiO2 as the reaction heat was lower than 

the minimum carbide to be formed (1200 ℃) [29]. The 
more C on GSs, the more unit cell is stretched and make 
crystal lattice bigger than the original one and enhance the 
phase change from anatase to be the more stable rutile 
phase. The presence of SiO2 also is bonded to TiO2, 
resulting in bonding between oxygen-oxygen. The SEM 
images support the layering of GSs on TiO2 composite as 
in Fig. 5. 

 

 
Fig. 5. SEM images of (a) GSs and TiO2/SiO2/GSs 
composite (b) G0, (c) G0.04, (d) G0.07 and (e) G0.14 at 

Tcal 450 ℃. 

The SEM images of the composite TiO2/SiO2/GSs 
were characterized, and it is exhibited in Fig. 5. As 
depicted in Fig. 5(a), the graphite sheets (GSs) are 
observed as the ordered layers structure with an irregular 
shape. This property affects the TiO2/SiO2/GSs pattern, 
which tends to have layers because of the GSs presence. 
The composite pattern is shown in Figure 5(b-e) for the 
ratio of G0, G0.04, G0.07, and G0.14, respectively. 

 
3.1.2. Effect of calcination temperature (Tcal) 

 
Calcination has another role in affecting the 

performance of the material. In TiO2 preparation, Tcal 
affects the structure phase of anatase and rutile, especially 
based on their phase transition. The result in Fig. 6(a) 
shows that a pure anatase phase exists at a lower 
temperature until T450 when rutile peak is observed and 
increases along with the increase in Tcal. It explains how 
the tendency of TiO2 that stays as anatase phase at a lower 

temperature in the phase diagram and starts to transform 
into rutile at a higher temperature, as presented in Fig. 6(b). 
This temperature gives energy into TiO2 bonding to 
change form from metastable one (anatase) into the stable 
one (rutile). 

Figure 6(b) also indicates that when the 
TiO2/SiO2/GSs composite is calcined at the higher 

temperature up to 450 ℃ , the larger crystal size may 

happen due to particle growth. The Tcal also affects not 
only changing the phase of TiO2 but also bonding between 
TiO2 and GSs, based on their ratio on the XRD result (Fig. 

6(a)). At the Tcal at 500 ℃, the crystal size is found to be 

decreased, probably caused the shrinking of the structure.  
 

 

 
Fig. 6. (a) XRD pattern of TiO2 photocatalyst G0.07 with 
a variation of Tcal and (b) the interpretation data of XRD 
result. 

Figure 7 explains how the composition of elemental 
percentage, the trend for C content in the sample increases 
until T450 then decreases at T500. This trend shows that 
Tcal gives an effect on the presence of C on the sample 
regardless of the initial ratio of GSs; in this case, it is G0.07. 
It also clearly states that rutile phase on the sample affects 
the bonding of TiO2 with GSs, as it shows when Tcal is 

400 ℃, there is no rutile phase, and it increases at T450, 
proportionally with C content. However, the rutile phase 
is seen to increase, although the decrease of C content at 
T500. This behavior may involve the temperature is quite 
high enough to ignite the combustion reaction between 
carbon and oxygen in the furnace ambient. Other hand, 
the presence of Ti shows a random trend for each 
parameter. In overall results, it is suggested that the crystal 
size is strongly dependent on the C content, the higher 
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amount of C, the larger of crystal size, which clearly 
explains in the proposed structural model in Fig. 4. 

 

 
Fig. 7. EDS result of TiO2/SiO2/GSs composite G0.07G. 

The SEM image of the G0.07 TiO2 composite is 
shown in Fig. 8, which can be observed how the layering 
of GSs was formed at different Tcal. The increase in Tcal 
affects the layer order. At T450, the layer started to form 
along with the presence of C content that is proven by 
EDS result. However, the layer ordering form started to 
less uniform with corresponding to the decreasing in C 

content at high temperature 500 ℃, as seen in Fig. 8 (c). 
Other hand, the presence of Ti shows a random trend for 
each parameter. 

 

 
Fig. 8. SEM images of G0.07 TiO2/SiO2/GSs composite 
(a) T400, (b) T450, and (c) T500. 

 
3.2. Decolorization of Methylene Blue (MB) solution 

 
3.2.1. Optimum condition 

 
3.2.1.1. Effect of the light source 

 
Light can be one of the crucial things in the 

photocatalytic process when the energy of light needs to 
be the same and or higher than the energy bandgap of the 
photocatalyst. In TiO2, the energy band gap is 3.2 eV, 
which can be determined that ultraviolet (UV) is a suitable 
light. To decrease the bandgap that can be suitable to use 
under visible light range, this works focused on adding 
carbon (GSs). Figure 9 shows that G0.04T500 can do 
photocatalytic decolorization of MB under solar light with 
an efficiency of 90.3 % within 3 hours. In the dark 
condition, the concentration decreases remarkably 
because of the MB adsorption to the TiO2/SiO2/GSs 
surface. It be color-changing [30]. The efficiency of 
adsorption under dark conditions can be reached by 84.84 % 
within 3 hours. 

For comparison, degradation under a specified LED 
lamp also taken place. It shows no different results from 

the test under dark conditions. It means that under LED 
lamp, the main process that is happened is adsorption, like 
dark condition. Meanwhile, solar light gives quite high 
results since it has a broad wavelength which helpful 
enough for photocatalyst. Reaction under UV lamp also 
was done to provide a brief result on how TiO2 
photocatalyst reacts under its work range. The result 
shows that in the first 1 hour of reaction, more than 86 % 
of MB was adsorbed and degraded. 

 

 
Fig. 9. The effect of decolorization under four conditions; 
dark, UV lamp (366 nm), solar light, and LED lamp on 
TiO2 G0.04T500. 

The adsorption on photocatalyst has an important 
role in the photocatalytic process. TiO2 adsorb MB in their 
surface before photocatalytic degradation takes place. In 
this experiment, the observation of decolorization under 
dark condition can show how the adsorption of 
TiO2/SiO2/GSs photocatalyst occurs. In this step, the 
photocatalytic degradation did not happen due to the lack 
of energy from light and the surface of the photocatalyst 
would be saturated by MB. Meanwhile, under light 
conditions (UV, LED, and solar), the efficiency of 
decolorization slightly higher than in the dark condition 
because there was a photocatalytic degradation process of 
MB into other compounds along its desorption and be 
replaced by other MB because of the adsorption process. 
Thus, for this condition at very longer time that beyond 
the testing time in this work, all MB molecules may be 
degraded by photocatalysis. However, the MB that 
adsorbed on the catalyst surface under dark condition may 
still exist as the attached surface molecules. 

The process under dark condition can be remarked as 
an adsorption process of TiO2/SiO2/GSs photocatalyst. 
Figure 10 shows how the adsorption occurred in the first 
1 hour of reaction. If it is compared to the EDS result of 
the amount of C content at the same Tcal, it does show 
the same trend for T400 yet starts not to display a similar 
tendency with the adsorption at T450 and higher. Instead, 
it shows that at some point in Tcal for the same ratio, the 
adsorption process decreases. In overall results, the 
maximum adsorption capacity is for G0.07T450, which is 
relating to the crystal size of 34.26 nm and 83.82 %  
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Fig. 10. Adsorption of TiO2/SiO2/GSs under the dark 
condition for each ratio and Tcal. 

 
3.2.1.2. Effect of the amount of TiO2/SiO2/GSs 

photocatalyst 
 
The photocatalytic degradation is determined with a 

variation of TiO2/SiO2/GSs catalyst loading in the 100 
mL of MB concentration (2.5 mg/L) under solar light. The 
result in Fig. 11 shows that the increase in catalyst loading 
can increase decolorization while the exceed of catalyst 
(0.2 g) did not show that trend. This works can be used to 
determine the optimum catalyst loading for specific 
concentrations to avoid excess catalyst usage while getting 
the best efficiency result. The 0.1 g of catalyst loading 
G0.07T450 TiO2/SiO2/GSs for 100 mL of 2.5 mg/L MB 
generates the best decolorization of 97.83 % within 3 
hours. 

 

 
Fig. 11. The effect of the amount of TiO2 photocatalyst 
for decolorization of MB. 

 
3.2.1.3.  Effect of the initial concentration of MB 

 
With the fixed catalyst loading (0.1 g TiO2/SiO2/GSs 

/100 mL MB), the initial concentration gives an effect of 
decolorization efficiency. Figure 12 shows how the result 
of the lowest concentration (1 mg/L) has a similar 
outcome with 2.5 mg/L (97-99 %), while for the highest 
one (4 mg/L), it drops to 56 %. It shows how the excess 
concentration of MB leads to the overcapacity of the 
photocatalyst in a specific amount. This result can be 
concluded that as to 2.5 mg/L MB, it shows the 
effectiveness of 0.1 g of G0.07T450 of TiO2/SiO2/GSs to 
degrade 100 mL MB. 

 

 
Fig. 12. The effect of concentration of MB on the 
decolorization process. 

 
3.2.2. Effect of GSs ratio 

 
Figure 17 shows how each sample gave a different 

result of the decolorization based on color under solar 
light for 1 hour. This color can provide a brief result then 
can be compared after a UV-Vis spectrophotometer 
analyzed it. The absorbance result can be converted to MB 
concentration and calculated η decolorization for each 
time range by Eq. (4). Figure 13 shows how the 
TiO2/SiO2/GSs with different ratio of GSs affects the 
decolorization of MB. 

 

 
Fig. 13. The effect of ratio Ti:GSs to η decolorization (%) 
for T450. 

The result shows that G0.07T450 gives the best result 
of photocatalytic activity under solar light for the 
degradation of MB. It also implies that the photocatalytic 
activity of TiO2/SiO2/GSs gives the best on a ratio of 
anatase: rutile phase 83.8 %:16.2 % and the optimum C 
content on the sample is 7.96 %w. The more C content 
does not give a better result of decolorization of MB 
because G0.07 and G0.14 have a similar ratio of anatase: 
rutile while the C content is different. 

The result of degradation can determine how the 
kinetics of the reaction. By using Eq. (5), the rate constant 
of each ratio can be calculated, which is shown in Fig. 
14(a). The highest rate constant for a photocatalytic 
reaction is G0.07T450 at 0.0201 min-1. Later, the value of 
the rate constant was used to calculate the model of 
degradation rate for each sample. Then this model data 
was compared to the experiment data, as shown in Fig. 
14(b), where the lines represent model data, and the 
symbols are experiment data. It exhibits the model 

0

10

20

30

40

50

60

70

80

T400  T450  T500

η
ad

so
rp

ti
o

n
 (
%

)

G0 G0.04

G0.07 G0.14

0

20

40

60

80

100

0 50 100 150 200

η
 d

ec
o

lo
ri

za
ti

o
n

 (
%

)

Time (min)

0.05 g

0.1 g

0.15 g

0

20

40

60

80

100

0 50 100 150 200

η
 d

ec
o

lo
ri

za
ti

o
n

 (
%

)

Time (min)

1 mg/L

2.5 mg/L

4 mg/L

0

20

40

60

80

100

0 50 100 150 200

η
 d

ec
o

lo
ri

za
ti

o
n

 (
%

)

Time (min)

G0

G0.04

G0.07

G0.14



DOI:10.4186/ej.2021.25.6.1 

8 ENGINEERING JOURNAL Volume 25 Issue 6, ISSN 0125-8281 (https://engj.org/) 

equation of LH is reasonable to describe the experimental 
data for all tests in this work. 

 

 
 

 
Fig. 14. (a) The rate constant of TiO2/SiO2/GSs for each 
ratio at T450 and (b) validity between experiment data and 
model data. 

As in the photocatalyst, there are considering two 
separate processes (adsorption and photocatalytic 
degradation), the rate constant is distinguished by k1 and 
k2 by the value shown in the Table 1. 

 
Table 1. k1 and k2 and k of LH eq for TiO2/SiO2/GSs for 
each ratio at T450. 

Sample 
k1 k2 

k1/k2 
k (LH eq) 

(min-1) (min-1) (min-1) 

G0 0.0077 0.0094 0.819149 0.0112 

G0.04 0.0088 0.0127 0.692913 0.01 

G0.07 0.012 0.0122 0.983607 0.0201 

G0.14 0.0032 0.0027 1.185185 0.0091 

 
These results show that the value of k1 is similar as k2 

for MB concentration of 2.5 mg/L. It explains that the 
adsorption of MB into the layer of TiO2/SiO2/GSs 
composite has occurred simultaneously with the 
photocatalytic degradation of MB in the layer of 
photocatalyst at the same time. k value from LH equation 
is added to compare how the rate constant of 
photocatalytic activity will change when one process 
(adsorption) is neglected. It seems like k from LH eq is 
slightly higher than k1 and k2. 
 
 
 
 

3.2.3. Effect of Tcal 
 
Tcal plays a significant contribution to give a different 

structure of TiO2 that can affect the photocatalytic activity. 
Figure 15 shows the effect of Tcal for G0.07 of 
TiO2/SiO2/GSs. The result shows the highest 
decolorization was by T450 with 97.83 % decolorization. 

 

 
Fig. 15. The effect of Tcal on η decolorization for G0.07 
TiO2/SiO2/GSs. 

T450 gives the best result on the decolorization of MB 
under solar light. It shows how the crystal phase of TiO2 
gives an effect of degradation since T400 is pure anatase 
gives the lowest η decolorization compare to other Tcal, 
which has developed a rutile phase on TiO2. The amount 
of C content, since there is a combustion reaction at high 

temperature, was lower at 500 ℃, though it has a high 
rutile phase, decolorization of MB was lower than T450. 
Figure 16(a) gives the rate constant of G0.07 for each Tcal. 
Then the rate constant was used to calculate the model 
data for the degradation rate of each sample, to be plotted 
in Fig. 16(b), and compared with the experimental data. 

 

 

 
Fig. 16. (a) The rate constant of G0.07 TiO2/SiO2/GSs 
for each Tcal and (b) validity between experiment data and 
model data. 
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Table 2 shows the value of k1 and k2 of G0.07 
TiO2/SiO2/GSs for each Tcal. This value of k1 is similar 
with k2 for MB concentration of 2.5 mg/L. It explains that 
the adsorption of MB into layer of TiO2 composite is 
occurred simultaneously with the photocatalytic 
degradation of another MB. 

 
Table 2. k1 and k2 and k of LH eq for G0.07 
TiO2/SiO2/GSs for each Tcal 

Sample 
k1 k2 

k1/k2 
k (LH eq) 

(min-1) (min-1) (min-1) 

T400 0.0118 0.0191 0.617 0.0145 

T450 0.012 0.0122 0.983 0.0201 

T500 0.0039 0.0027 1.444 0.0148 

 

 
Fig. 17 Concentration changes of MB0, MBTiO2, MBpr in 
photocatalytic degradation by G0.07T450 
TiO2/SiO2/GSs 

In Fig. 17, the value of k1 and k2 of G0.07T450 are 
applied into Eq. (13) and (14) to know the concentration 
[MB] at any time. It shows that the concentration of 
[MBTiO2] rises then falls toward zero meanwhile the 
concentration of [MBpr] rises from zero to the 
concentration of [MB0]. Most of the TiO2/SiO2/GSs 
composite have rate constant k2 quite higher than k1. In 
this case, the adsorption process tends to slower than the 
photocatalytic degradation process.  

Figure 18 shows the photographic images of blank 
MB and in the presence of TiO2/SiO2/GSs photocatalyst 
after 60 min of solar irradiation. MB in the presence of 
TiO2/SiO2/GSs was started to decolorize after 60 min, 
especially for sample G0.07T450 that was nearly colorless. 
The results confirm that the presence of an optimum 
amount of GSs in TiO2/SiO2/GSs enhances the 
degradation of MB under solar light. 

 

 
Fig. 18. Comparison of decolorization of MB for each 
composition and Tcal under solar light for 1 hour. 

 
3.2.4. Effect of reusable/stability 

 
Generally, the photocatalyst is stable and can be used 

several times until its particle is damaged. The experiment 
to test the reusable of the photocatalyst was conducted as 
following, after G0.07T450 TiO2/SiO2/GSs used for 
degradation of MB was completed for the first batch, the 
photocatalyst was washed by ethanol and following by 

water to neutralize the pH then heated at 100 ℃ to 
remove the water. This 0.1 g reused photocatalyst was 
used to degrade a new MB solution at a fixed initial 
concentration of 2.5 mg/L for 3 hours under solar light. 
This activity was observed for three cycles. Figure 18 
shows the decolorization efficiency of the second drop 
from the first cycle to reach 93.1 %, then the third cycle 
drops to 92.4 % and drops again with the fourth one at 
87.65 %. However, the efficiency slightly decreases, the 
differences could be due to the error during the washing 
of photocatalyst. From this series of experiments, it could 
be confirmed that the G0.07T450 photocatalyst has a 
stable structure and can be used several times. Therefore, 
it is suitable to use in many applications.  

 

 
Fig. 19. Effect of recycled of G0.07T450 TiO2 
photocatalyst to η decolorization. 

 
3.2.5. Mechanism of TiO2/SiO2/GSs photocatalyst 

 
The mechanism of semiconductor photocatalyst is 

based on the energy of the bandgap between valence band 
and conductive band. TiO2 is a semiconductor that has 3.2 
eV bandgap energy, which makes this work as 
photocatalyst on the UV work range. The doping of GSs 
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in this research was done to decrease the bandgap so it can 
work on the visible light spectrum. Carbon on GSs in the 
form of hexagonal lattice is attracted to the oxygen on 
TiO2 then formed dipole-dipole force between them. This 
bond was explained in Fig. 19. The bond produces a 
dipole moment, which disturbs the stability of bonding in 
TiO2 and reduces the bandgap on TiO2 [31]. The bonding 
between oxygen on TiO2 and oxygen on SiO2 has 
happened. The bandgap decrease is affected by a defect 
that occurs in TiO2. It is supported by how the crystal size 
of TiO2/SiO2/GSs composite is bigger than TiO2/SiO2 
(G0) which is affected by GSs presence that make a defect 
into TiO2 and create the state of dipole moment into 
bandgap as shown in Fig. 2. That makes TiO2/SiO2/GSs 
composite can work as a photocatalyst under solar light 
(visible light range). SEM images in Fig. 5 also give the 
observation of how the layer of TiO2/SiO2/GSs is 
affected along with the ratio of GSs, the more GSs the 
more defect that appeared.  

 

The testing of TiO2/SiO2/GSs as photocatalyst was 
done by doing a degradation of methylene blue dye under 
solar light. The mechanism of photocatalytic degradation 
later was explained in Fig. 20 [1, 17, 26, 32, 33]. In the 
figure, it can explain how the presence of GSs affects the 
bandgap of TiO2, the energy of solar light can fill the gap 
to excite the electron into conduction band and the 
photocatalytic reaction has occurred. Meanwhile, 
TiO2/SiO2 without GSs has a 3.2 eV bandgap that only 
can be used under a UV lamp (387 nm or less) [9, 30]. 
When it be used under solar light, the decreasing of 
pollutant concentration can occur since there was an 
adsorption process in TiO2/SiO2 photocatalyst. Also, 
there was a UV work range in solar light (3-5 %) that can 
activate the photocatalytic reaction. Furthermore, the 
percentage anatase-rutile phase, the ratio of GSs in 
composite, and morphology such as crystal size can also 
affect the photocatalytic activity. 

 

 
Fig. 20. Bonding on TiO2/SiO2/GSs photocatalyst. 

 

 
Fig. 21. Mechanism of photocatalytic degradation of MB by TiO2/SiO2/GSs composite. 

 

4. Conclusion 
 
TiO2/SiO2/GSs composite was prepared by the sol-

gel method, followed by a calcination step. The 
morphology was investigated at different ratio Ti:GSs 

compositions and calcination temperature (Tcal). 
TiO2/SiO2/GSs composite shows the layer pattern was 
affected by the presence of GSs, while the EDS spectrum 
confirms the existence of Ti and C on the surface of the 
composite. With an increase in the amount of GSs, 
average crystal size and percentage of rutile phase 
tendency increase, whereas anatase phase decreases. 

Ti C    O     Si 
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Meanwhile, the increase in Tcal only affects the increasing 
percentage of rutile phase. The average crystal size tends 

to increase with the increase in Tcal until 450 ℃ and then 

shrink at 500 ℃. The degradation of MB shows a good 
result of photocatalytic activity under solar light. 

Moreover, the MB degradation using the 
TiO2/SiO2/GSs photocatalyst under solar light depends 
on the optimum parameters such as the crystalline phase, 
crystal size, and C content on the sample. The maximum 
efficiency of MB decolorization with 97.83 % within 3 
hours is obtained from the photocatalyst prepared with 

Ti:GSs ratio at 0.07 and Tcal at 450 ℃ (G0.07T450). The 

ability of reusable TiO2/SiO2/GSs shows a slight decrease 
in efficiency after four cycle times. 
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