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ABSTRACT 

 

Advanced oxidation processes (AOPs) is one of the most promising methods to degrade such organic 
pollutants from water. Titania (TiO2) is the most attractive semiconductor photocatalyst due to non-

toxicity compound and low cost. Notwithstanding, its application is limited owing to the wide band gap, 

high recombination rate of the charge carriers, low surface area and low absorption of light. This study 
was focused on the synthesis of different ceria (Ce) loading on fibrous silica titania (FST) by using 

hydrothermal and impregnation method. The physical and chemical properties of FST-Ce was 

characterized by X-ray diffraction (XRD), ultraviolet visible spectrophotometer diffuse reflectance 
spectroscopy (UV-Vis/DRS), field emission scanning electron microscope (FESEM) and fourier 

transform infrared (FTIR); and the performance of photocatalytic activity was evaluated on the 

photodegradation of ciprofloxacin (CIP) under different type of catalysts, pH, catalyst dosage and CIP 
initial concentration. The result revealed that FST-3Ce showed the best performance which is 90% of CIP 

photodegradation due to low band gap, high crystallinity and strongest interaction between Si-O-Si, Si-

OH, and Si-O-M bonds. A kinetic study using Langmuir-Hinshelwood model illustrated that the 
photodegradation followed the pseudo-first-order and adsorption was the rate-limiting step. 
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1. INTRODUCTION 

 Ciprofloxacin (CIP) belongs to the second-

generation fluoroquinolone (FQ’s) class of antibiotics and it 

is used to treat bacterial infections.  According to Liu et al 

(2017), less than 75% of administered CIP is excreted from 

patient's body in un-metabolized form and ends up into 

municipal wastewater [1]. Furthermore, CIP gives negative 

impacts on living things include antibiotic resistance in 

microorganisms, such as Enterococci sp. and Escherichia 

coli sp. which can mutate and even become resistant, hence, 

increase human health risks [2]. To overcome these 

problems, different treatment processes are approached 

including advanced oxidation process like ozonation, 

photolysis and photo-catalysis; coagulation, chemical 

precipitation and chlorination.  

         Recently, advanced oxidation processes (AOPs), in 

particular with heterogenous photocatalysis, have shown 

tremendous promise as alternatives for wastewater treatment 

of emerging contaminants [3]. Among photocatalyst, Titania 

(TiO2) has been widely used in the photodegradation process 

to generate charge carriers through inducing reductive and 

oxidative processes respectively [4]. Nevertheless, the 

practical use of TiO2 is limited by its relatively low surface 

area, scarcity of accessible active sites, and weak visible-

light harvesting capability, highlighting the need for 

alternative strategies to overcome these limitations [5]. 

           To surmount these problems, several strategies have 

been developed to increase the photodegradation activity 

including the deposition of TiO2 on the surface of 

mesoporous silica which is a simple method for producing 

active photocatalyst with anatase nanocrystallites dispersed 

on the huge surface of a SiO2 thermally stable framework. 

Furthermore, the phase transition anatase to rutile can be 

delay in the presence of SiO2, which is preferable for 

photocatalytic properties since rutile is less active than 

anatase [6]. In addition, some researchers reported that TiO2 

doped with rare earth (RE) elements such as cerium, yttrium, 

lanthanum and neodymium can increase the activity of 

photocatalytic degradation process compared with undoped 

TiO2. Although diverse RE ions doped TiO2 photocatalysts 
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have been successfully prepared, there is a shortage of 

erudition regarding the influence of the radii of RE ions on 

the photocatalytic properties. Furthermore, RE-doped TiO2 

has low photocatalytic efficiency and it also difficulty in 

being recovered [7]. 

           In this work, the synthesis and characterization of 

fibrous silica titania (FST) doped with different weight of 

ceria (Ce) was conducted. The charazterization of the 

catalysts were studied by XRD, UV-Vis/DRS, FTIR AND 

FESEM. The performance of synthesized catalysts towards 

the photodegradation of ciprofloxacin (CIP) was evaluated 

and the potential of the catalyst was investigating under 

different parameters such as pH (3-9), catalyst dosage (0-0.5 

g L-1) and initial concentrations (10-100 mg L-1). The 

kinetics and stability of the catalysts are also discussed. 

 

2. EXPERIMENTS 

2.1 Materials 

 

 The Cetyltrimethylammonium bromide, CTAB 

{(C16H33)N(CH3)3BR-} with greater than 99% purity was 

used as surfactant and were obtained from MERCK, Urea 

(CO(NH2)2) with greater than 99.5% as hydrolyzing agent 

and Toluene (C7H8) as oil phase were purchased from 

QRECTM . 1-Butanol (C4H9OH) with greater than 99.5% 

purity which used as co-surfactant and Cerium (III) nitrate 

hexahydrate (Ce(NO3)3 were obtained from Sigma Aldrich. 

Tetraethyl orthosilicate. TEOS {Si(OC2H5)4} with greater 

than 98% purity was used as precursor which purchased 

from Acros Organics and Titania (JRC TiO2) was used as 

Titania sources. Ciprofloxacin (C17H18FN303) with greater 

than 98% purity as pollutant was purchased from TCI. 

 

2.2 Preparation of catalyst 

 

Fibrous silica titania (FST) was synthesized by 

using hydrothermal method. 24.65 g of CTAB and 14.73 g 

of urea was mixed in 732 mL of distilled water, stirred for 5 

min at 800-900 rpm. Next, 623.6 mL of toluene and 36.8 mL 

of 1-butanol were added into the mixture and stirred for 

another 15 min at room temperature. After that, 5.9 g of 

titania seed was added into the mixture and stirred for 

another 30 min. Subsequently, 55.6 mL of TEOS was added 

drop wise and the mixture was stirred for 2 hours at room 

temperature. After 2 hours stirring, the resulting mixture was 

heated in oven for 6 hours at 120℃. After heating the 

product was dried overnight at 110℃ before calcination at 

550℃ for 6 hours.  

Then, different loading Ce catalysts (1wt %, 3wt %, 

5wt % and 7wt %) were prepared by incipient wetness 

impregnation method. General preparation steps for 

monometallic loaded FST catalysts as follows. The specific 

amount of Cerium (III) nitrate hexahydrate was dissolved 

into the distilled water and mixed with the catalyst support 

(FST). The mixture was heated at 353 K under continuous 

stirring until the formation of the thick paste. The as-

synthesized catalyst was dried at 383K overnight and 

calcined at 823 K for 3 hours. 

 

2.3  Photocatalytic degradation of RhB 

The photoactivity of the catalysts were examined on 

the degradation of CIP. A batch reactor fixed with cooling 

system and 4 units of UV lamp (9 W; 254 nm) was used in 

this experiment. A catalyst (0.375 g L−1) was put in the 

beaker containing 100 mL CIP solution. Then, the solution 

was stirred in the dark for 30 min to achieve equilibrium of 

the adsorption-desorption before being radiated with light 

for 4 h. The initial concentration and pH of CIP solution 

were 10 mg L−1 and pH3, respectively. At regular interval of 

30 min, the sample were collected and centrifuged. The CIP 

adsorption band was analyzed at 246 nm using UV-Vis 

spectrophotometry (Agilent Technologies, Cary 60 UV-Vis, 

USA) and the following equation was used to determine CIP 

degradation percentage.  

 

100(%) 
−

=
Co

CCo
nDegradatio t

 
where Co is the initial concentration of CIP and Ct is the 

concentration at time t.  

 

2.4  Characterization 

The microscopic surface morphology of the prepared 

photocatalysts was evaluated through a field-emission 

scanning electron microscope (FESEM). The optical 

absorbance was recorded via ultraviolet-visible/diffuse 

reflectance spectra (UV-Vis/DRS) spectrophotometer and 

the extrapolation of bandgap photocatalysts. The 

crystallinity of the catalysts was determine using X-ray 

Diffraction (XRD). The chemical functional group of the 

photocatalyst was measured using Fourier transform 

infrared (FTIR) via the KBr method.  

 

2.5  Stability test 

 

The experiment was repeated to study the 

reusability of the catalyst. 0.500 g of the synthesized catalyst 

was dispersed into 1000 mL of 10 mg L-1 CIP with pH 3 

using a batch reactor fixed with a cooling system. The 

solution was stirred in the dark for 30 min and then exposed 

under visible light for another 4 hours. During the process, 

1.5 mL of CIP solution samples was collected every 15 min 

using a tube connected with syringe and centrifuged using 

Beckman Coulter Microfuge 16 Centrifuge at 14,000 rpm 

for 10 min. Subsequently, the concentration of centrifuged 

CIP was analyzed by UV-Vis spectrophotometer (Cary 60 

UV-Vis Agilent) at absorption band between (276-278) nm. 

For a new cycle, the mixture of CIP solution and 

photocatalyst was centrifuged and the collected catalyst was 

washed, dried in the oven overnight at 110℃ and calcined at 

550℃ for 6 hours before being regenerated for degrading of 

the next fresh CIP solution. All of the reaction parameters 
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were kept constant with five regeneration cycles for stability 

study. 

 

 

3. RESULTS AND DISCUSSION 

3.1 Characterization of photocatalysts 

3.1.1 Crystallinity and Phase Study 

Figure 1A and B shows a wide angle XRD 

diffractogram of the commercial CeO2, and synthesized of 

FST-Ce with different ceria (Ce) wt% loading, respectively. 

Based on Figure 1A, a series of characteristic peak were 

observed at 28.6˚ (1 1 1), 33.1˚ (2 0 0), 47.6˚ (2 2 0), 56.3˚ 

(3 1 1) and 69.4˚ (4 0 0) which indicates the pure cubic 

fluorite structure (JCPDS No: 34-0394[8, 9]. Besides that, 

Figure 1B illustrated the FST catalyst and the peak intensity 

were identified at 25.4˚ (1 0 1), 37.8˚ (0 0 4), 38.6˚ (1 1 2), 

48˚ (2 0 0), 53.9˚ (1 0 5) and 55.1˚ (2 1 1) which can assign 

as anatase phase because of typical peak of TiO2 (JCPDS file 

No. 01-086-1157) [10].  

Regarding to Figure 1B, after Ce was loaded on FST 

catalyst, a new diffraction peak was discovered at 28.6˚ (1 1 

1) which indicated Ce was a successful loading and the FST 

peak was still maintained at 25.4˚ (1 0 1), 37.8˚ (0 0 4), 38.6˚ 

(1 1 2), 48˚ (2 0 0), 53.9˚ (1 0 5) and 55.1˚ (2 1 1). As the Ce 

loading increase, it was observed that the peak at 28.6˚ (1 1 

1) become lower. However, the diffraction peak for FST is 

maintained consistent last on FST-3Ce, as the peak intensity 

of FST at 25.4˚ (1 0 1) for FST-7Ce was started to decrease 

after increasing the Ce loading. Hence, FST-3Ce shows the 

highest crystallinity of FST catalyst while containing Ce. 

 

Figure 1. XRD patterns of commercial of A) CeO2 B) FST, 

FST-1Ce, FST-3Ce and FST-7Ce catalysts. 

 

3.1.2 Band Gap Determination  

Band gap of the photocatalyst plays an important key 

role in order to utilize photocatalytic applications. The 

catalysts were then subjected to UV-Vis DRS to analyse 

band gap energy. The band-gap of the samples was 

calculated using the equation of E = 1240/λ, where E is the 

band gap energy in eV and λ is the wavelength in nanometer 

[11]. The summary of the band gap for all catalysts is stated 

in Table 1. FST-3Ce showed lower band gap energy (2.94 

eV) compared to FST (3.18 eV). The reduction of band gap 

after Ce doped on FST is might be due to the more formation 

of surface defect [12]. While, among all Ceria loaded 

catalysts, FST-3Ce showed lower band gap energy and this 

result led to the potential use of it in visible light responsive 

photocatalytic reaction.  

 

Table 1 Band gap of the catalysts 

 

 

 

 

aCalculated from Kulbelka-Munk 

 

3.1.3 Morphological Study 

The morphologies of FST and FST-3Ce under field emission 

scanning electron microscopy (FESEM) are shown in Figure 

2A and B, respectively. It was observed that a well 

cockscomb-like structured of both catalysts were 

successfully synthesized by hydrothermal method. Based on 

the FESEM images, the average sizes of FST and FST-3Ce 

were found to be 636.36 and 527.27 nm, respectively. The 

size of FST-3Ce catalyst is smaller compared to FST 

catalyst. This might be due to either Ce loading caused 

lattice deformation and generation of oxygen vacancies, or 

to the formation of disparate boundaries which restrains the 

crystal growth [13]. 

 

 

Figure 2. FESEM images of A) FST and B) FST-3Ce at 

magnification 50.00 K X 

 

3.1.4 Fourier Transform Infrared (FTIR) Spectroscopy 

For chemical properties studies, all the samples 

catalysts were then characterized by FTIR and the spectra in 

the region of 4000 - 400 cm-1 are shown in Figure 3A. 

Several major absorption bands were seen at 3400, 1084, 

Catalyst Band gap (eV)a 

FS-3Ce 3.06 

FST 3.18 

FST-1Ce 2.90 

FST-3Ce 2.94 

FST-5Ce 3.02 

FST-7Ce 3.10 
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966, 790 and 460 cm-1 which attributed to the presence of -

OH stretching, Si-O-Si asymmetric, external Si-OH group, 

Si-O-Si asymmetric stretching and Si-O-Si bending 

vibration [14]. Figure 3B and C illustrates the summarized 

band intensity obtained from FTIR spectra. Figure 3B 

clearly shows that the intensity bands of FST-3Ce is the 

highest compared to others particularly at 3400 and 1084 cm-

1. The increase of ceria loading up to 3 wt% is resulted in 

increased intensity of these both peaks. This indicates that 

the introduction of ceria makes the catalyst possess more 

surface hydroxyl groups. The hydroxyl groups play an 

important role in the photocatalytic reaction since they can 

capture the photoinduced holes and then form hydroxyl 

radicals with high oxidation capability [15]. Besides that, the 

increase of peak at 1084 cm-1 is due to strong interaction 

occurred between the added metal and SiO2 framework of 

FS and possible formation of new Si-O-Si bonds.  

 The band in the range of 900-1000 cm-1 illustrated 

the significant region usually involved in the rearrangement 

of the SiO2 network subsequent to alteration [16, 17, 18]. As 

shown in Figure 3C, the band at 935, 948 and 965 cm-1 was 

assigned to Si-O-Ti bond, non-bridging free broken Si-O 

stretching and Si-O-H stretching, respectively. Among all 

catalysts, FST-3Ce shows the strongest interaction between 

Si-O-Si, Si-OH and Si-O-M bonds. 

3.2 Photocatalytic degradation of CIP 

3.2.1   Performance of the Synthesized Photocatalysts 

The photocatalytic performance of the synthesized 

catalysts was evaluated on the degradation of ciprofloxacin 

(CIP) with the result shown in Figure 4A and B under visible 

light irradiation for 240 minutes. FST-3Ce (90%) catalyst 

was exhibited the highest photocatalytic performance among 

the prepared catalyst (FS-3Ce (59%), FST (79%), FST-1Ce 

(78%), FST-5Ce (73%) and FST-7Ce (70%)) due to 

narrowing of its band gap which can lead to decrease in  

 

 

 

 

 

 

 

 

 

 

electron-hole recombination rate [19]. Notably, FST-3Ce 

showed ~5.3-fold higher activity than pristine CeO2 (90% vs 

17%), confirming the beneficial role of Ce incorporation 

within the FST framework. 

 

 

 

 

 

 

 

 

 

Figure 4. Photodegradation of CIP of A) C/Co versus t graph 

and B) percentage graph using different type of catalyst 

(Reaction condition: Visible light, t=240 min, W=0.375 g L-

1, [CIP]0 =10 mgL-1, pH 3) 

 

3.2.2   Effects of pH 

In the photocatalytic activity, pH plays a crucial role 

for the removal efficiency of CIP. In advanced oxidation 

processes, pH can have a large influence on the removal rate 

of the contaminant, absorption capacity, distribution of 

electric charge on the catalyst surface, and oxidation 

potential of the valence band [20]. Herein, the effect of pH 

on photodegradation of CIP was investigated ranging from 

of 3-9 in the presence of the FST-3Ce catalyst and the results  

 

 

 

 

 

 

 

 

 

 
Figure 3. A) FTIR spectra of (a)FST (b) FS-3Ce (c) FST-1Ce (d) FST-3Ce (e) FST-5Ce and (f) FST-

7Ce, B) Peak intensity of FTIR spectra at 462 cm-1, 1084 cm-1 and 3400 cm-1 C) Peak intensity of FTIR 

spectra at 965 cm-1, 948 cm-1 and 935 cm-1. 
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are shown in Figure 5. Figure 5B shows that the 

photocatalytic reaction by using FST-3Ce catalyst after 240 

minutes under visible light irradiation was achieved 90%, 

58%, 47% and 32% at pH 3, 5, 7 and 9 respectively. Based 

on the result, it was found that the increase in pH values 

causes reducing the photodegradation performance of CIP. 

Moreover, in fact, this behaviour can be described 

on the basis of the point zero charge (pHpzc) of the FST-3Ce, 

which was determined to be at pH 3 as shown in Figure 5A. 

It is well-known that for pH values higher than pHpzc, the 

surface becomes negatively charged and vice versa for pH < 

pHpzc. Therefore, the positively charged CIP would be 

strongly attracted to the negatively charged FST-3Ce 

catalyst surface at pH > pHpzc leading to strong absorption 

and reduction with a corresponding high rate of CIP 

degradation [21]. 

 

 

 

 

 

 

 

Figure 5. A) pHpcz of FST-3Ce and B) Photodegradation of 

CIP using FST-3Ce with various pH values of water 

pollutant (Reaction condition: Visible light, t=240 min, 

[CIP]0 =10 mgL-1, W= 0.375 g L-1). 

3.2.2   Effects of catalyst dosage 

Figure 6 shows the effect of FST-3Ce dosage for 

photodegradation of CIP. It can be observed that the 

photocatalytic activity increasing until reaching the 

optimum dosage which is 0.5gL-1, where the photocatalytic 

performance is 93% and then at 0.75gL-1 the CIP 

degradation performance decrease to 67% due to after the 

optimum catalyst loading is accomplished. This is because 

any further increase in the amount of catalyst dose results in 

photocatalyst aggregation in the solution which will lead to 

the turbidity of the solution. Nevertheless, the number of 

active sites and the formation of reactive oxygen species 

(ROS) will increase correspondingly when the amount of 

catalyst dosage increased [2]. 

3.2.2   Effects of CIP initial concentration 

The initial concentration of CIP is one of the driving 

parameters in photodegradation of CIP. The effect of the 

initial concentration on CIP degradation was studied by 

preparing different amount of CIP solutions (10-70 mgL-1). 

Based on Figure 7A, the photocatalytic activity will decrease 

with the increase in the initial concentration of CIP over 

constant catalyst loading due to it can be attributed to the 

insufficient number of vacancies for the higher amount of 

incoming CIP molecules [2]. Furthermore, the penetration of 

light to reach the surface of the catalyst was hindered which 

was most likely due to the accumulation of pollutant 

covering the catalyst surface [17, 22].  Similar report was 

recorded by Khodadadi et al., (2018) on the influence of 

tetracycline initial concentration on the photodegradation of 

tetracycline by FeNi3@SiO2@TiO2 nanocomposite [3].   

 

 

 

 

 

 

 

 

 

Figure 6. Photodegradation of CIP using FST-3Ce with 

different catalyst dosage (Reaction condition: Visible light, 

t=240 min, [CIP]0 =10 mgL-1, pH 3). 

 

 

 

 

 

 

 

 

Figure 7. Photodegradation of CIP using FST-3Ce A) with 

different initial concentrations of CIP and B) 

photodegradation kinetics of CIP using FST-3Ce at different 

initial concentrations (Reaction condition: Visible light, 

t=240 min, W=0.5 g L-1, pH 3). 

In general, the kinetics of most organic compounds 

that undergo photocatalytic reactions are described by a 

pseudo first-order model, which is rationalised in terms of 

the Langmuir-Hinshelwood model modified to 

accommodate reactions occurred at the solid-liquid interface 

[23, 24]. At low initial CIP concentration, the simplest 
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equation for the rates of photodegradation of CIP is given by 

the equation below, 

ln Ct = -kt + ln Co                                  (2) 

where k is the pseudo first-order rate while Co and Ct are the 

concentrations of CIP initially and at time t, respectively. 

The integration of (Equation 2) yields the (Equation 3),

  

kt
C

C

t

o =









ln

       (3)  

The linearity of the plot of ln (Co / Ct) vs. irradiation 

time shown in Figure 7B verified that the reaction process 

followed the pseudo-first order kinetics model. The slope of 

the line was the apparent first-order rate constant (kapp), and 

the value obtained (Table 2) demonstrated a significant and 

favourable effect of the FST-3Ce on the photodegradation of 

CIP. The values of kapp decreased with increasing initial 

concentration, indicating that the system is favorable at low 

concentration [18]. At lower concentration, the reaction rate 

is able to control the mechanism since the active sites on the 

catalyst’s surface were only partially occupied by adsorbed 

CIP molecules. However, the increasing of initial 

concentration has led to the saturation of the active sites 

preventing the adsorption of new CIP molecules before the 

desorption of the degradation by-products [25]. Thus, at 

higher concentrations, hydroxyl radicals become the 

limiting reactant, and consequently, lowering the reaction 

rate. The line with an intercept of 1/kr and 1/kr KLH was 

obtained from the Langmuir Hinshelwood (L-H) kinetic 

formula (Equation 4), 

r

o

LHrapp k

C

Kkk
+=

11

       (4) 

where kr is the reaction rate constant (mg L-1 min-1), KLH is 

the adsorption coefficient of the reactant (L mg-1) and Co is 

the initial concentration of CIP (mg L-1). The calculated 

values of kr and KLH were 0.102 mg L-1 and 0.0511 mg L-1, 

respectively. These results illustrated that since kr, >KLH, it 

was suggested that the CIP adsorption on the surface of FST-

Ce was manipulated by the photodegradation process [26]. 

 

 

 

 

 

 

 

3.2.5   Proposed Photodegradation Mechanism 

Based on the performance and characterization, the 

structures of the FST-Ce catalyst were proposed as shown in 

Figure 7. When light is irradiated to the catalyst surface, the 

electrons at valence band (VB) for both site which is FST 

and Ceria were excited to its conduction band (CB), leaving 

behind holes (H+) in VB [27]. The overall reaction occurred 

during the water splitting reaction as there is reduction of 

photons using excited electrons present at the CB which will 

generate Hydrogen gas (H2) and water oxidation using the 

holes at VB where the oxygen evolution reaction at VB 

generates some reaction intermediates and protons which 

also contribute to H2 generation [19]. 

Ceria can be as electron acceptor due to it has +1, +3 

and +4 oxidation states that make cerium cations to be an 

attractive species [27]. Hence, the photogenerated electrons 

at CB of FST will be transferred to CB of Ceria. The electron 

was then reacting with molecular oxygen (O2) to produce 

superoxide radical anions (• 𝑂2
−)   and the holes react with 

water to produce hydroxyl radicals (•OH). These two 

reactive radicals cooperate together in decomposing CIP to 

form harmless product. 

 

3.2.5   Stability Test 

The potential of catalyst to be recovered and reused 

in photocatalytic reaction is a great concern since it can 

contribute to lower operational cost of processes, thus 

making the photocatalysis as an attractive method for 

wastewater treatment [28-29]. Hence, a repeated experiment 

was carried out using FST-3Ce catalyst to study the stability 

of the catalyst towards CIP degradation as shown in Figure 

8. It was found that the FST-3Ce catalyst was still active 

even after five runs, with only a slight decrease in percentage 

of degradation. The decrease in photocatalytic efficiency 

might be due to the heat treatment that caused the catalyst 

aggregation, thus decreasing the surface area of catalyst 

[30]. Thus, it was suggested that the FST-3Ce is a stable 

photocatalyst and is not easily deactivated during the 

degradation process.  

 

  

 

 

Initial concentration 

of CIP, Co (mg L-1) 

Degradation (%) Reaction rate, kapp 

(x 10-2mg L-1min-1) 

Initial rate, ro 

(x 10-1mg L-1min-1) 

10 92.57 0.43 0.43 

30 41.74 0.18 0.54 

50 12.71 0.14 0.70 

70 11.89 0.12 0.84 

Table 2 The kinetics parameters of photodegradation process 
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Figure 9. Stability of FST-3Ce on photodegradation of CIP 

(Reaction condition: Visible light, t= 240 min, [CIP]0=10 

mgL-1, W = 0.5 gL-1, pH 3) 

4. CONCLUSION 

In this investigation, ceria loaded on FST (FST-Ce) was 

successfully synthesized by a hydrothermal and 

impregnation method under various weight percent of ceria, 

which were then characterized. Regarding on the 

characterization results, the ceria loaded on FST caused 

decreasing the particle size due the formation of distinct 

boundaries which limits the crystal growth. Among all the 

catalysts, FST-3Ce showed the strongest interaction 

between Si-O-Si, Si-OH, and Si-O-M bonds. The 

photocatalytic performance of the catalysts towards 

degradation of 10 mg L-1 of CIP at pH 3 and 0.5 g L-1 catalyst 

for 4 hours under visible light was in the following order: 

FST-3Ce (90%)> FST (79%)> FST-1Ce (78%)> FST-5Ce 

(73%)> FST-7Ce (70%) > FSCe (73%). FST-3Ce shows the 

highest photocatalytic performance due to narrow band gap, 

high crystallinity and interaction as mentioned above. The 

kinetics study revealed that the photodegradation process is 

determined by the Langmuir-Hinshelwood model which has 

followed the pseudo first-order. The results illustrated that kr  

 

 

 

 

 

 

 

 

 

(0.102 mg L-1) > KLH (0.0511 mg L-1), suggesting that the 

CIP adsorption on the surface of FST-Ce was manipulated 

of the photodegradation process. The stability test signified 

that the catalyst remained stable after five cycles. 
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