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ABSTRACT

In the oil and gas industry which applied to petroleum
sources, thiophene is one of the sulphur contaminants that
may harm the environment. The contents of sulphur in
petroleum product gives out concern regarding the negative
and harmful effect of sulphur contaminants onto environment
and living health. One of the promising methods to degrade
thiophene is photocatalytic degradation process. The usage of
Zn0O nanoparticles in photocatalytic degradation process has
been wider due to its broad band gap, greater excitation of
energy binding, and high stability. Several studies have
discovered the ability of ZnO with capping agent in
photocatalytic  activity.  Photocatalytic  activity — of
photo-catalyst was affected by particle size, shape and
morphology that are depending on the preparation method.
Hence, this study put on priori-ties on synthesizing ZnO
nanoparticles using precipitation method with the addition of
KCC-1 which act as capping agent and used in the
degradation of synthetic thiophene solution. The
characterization of ZnO-KCC-1 using FTIR has confirmed
that the successfulness produc-tion of ZnO-KCC-1 via
precipitation method. There are three different loading of
Zn0-KCC-1 (0.05 g/L, 0.10 g/L and 0.15 g/L) and thio-phene
concentration (100 ppm, 300 ppm and 600 ppm) had been
carried out in photocatalytic degradation of thiophene. The pH
value for all fixed condition remains constant at natural pH
range which is pH 7. The optimum condition of degrading
synthetic thiophene under natural pH range by using
Zn0-KCC-1 is at its loading of 0.05 g/L with the initial
concentration of synthetic thiophene of 300ppm.The kinetic
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study of this research has been confirmed to be at the
first-order of kinetic reaction.

Keywords: KCC-1, Zn0O-KCC-1,
photocatalytic degradation, thiophene.

nanoparticle,

1. INTRODUCTION

Thiophene is a heterocyclic compounds (heterocycle) which
contain five membered rings with one sulphur molecule
(C4H,S). Thiophene molecule along with its derivative is
presence in petroleum [1]. Therefore, photodegradation of the
sulphur-content which is thiophene is an essential alternative
to reduce the environmental burdens of fuels. In the recent
year, attention has been given to the usage of photocatalytic
oxidation due to cleaner and environment friendly to remove
sulphur-containing compounds [2]. Previously, Hitam et
al.[3]stated that besides being able to be recycle,
photocatalytic oxidation is also said to has high catalytic
activity, and consume less energy during process. The current
technology used which is hydrosulfurisation (HDS) requires a
very uncomfortable conditions such as high temperature, high
pressure, and high consumption of hydrogen and end up in a
high operating cost and severe gasoline loss [2].

Previously, a study on adsorption of thiophene and its
derivatives has been done by using silver impregnated
nanocrystalline metal oxides which the end result shows that
metallic silver nano-particles does not effective in thiophene
adsorption due to detailed studies showed that the active site
of silver impregnated aluminium oxide is the Ag+ ion which
is coordinated to carbonate [4]. In addition, the photocatalytic
oxidation of thiophene under visible light was conducted by
using Pt/Pbs nanoparticles photocatalysts. However, the study
shows a limited survey such that if the loading of the catalyst
above 1.2 g/L, the penetration of the light to the photocatalyst
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is blocked and thus decrease the efficiency of the
photocatalytic activity [5].

The objectives of the study are (1) to methodically prepare
and characterize ZnO-KCC-1 nanoparticles via precipitation
method, (2) to investigate the catalytic conversion of the
synthetic sulfur-pollutants in petroleum fractions (thiophene)
under different photocatalyst loading and initial concentration
of thiophene, and (3) to elucidate the kinetic study of
photodegradation of thiophene in petroleum fractions. In the
meanwhile, the scopes of this research are to synthesis
Zn0-KCC-1 nanoparticlesvia precipitation method followed
by characterization of ZnO-KCC-1 by using Fourier
Transform Infrared Spectroscopy (FTIR) in order to identify
the chemical bonding between Zn and O in the nanoparticles.
Investigation of the catalytic conversion of synthetic
sulphur-pollutant in petroleum fractions (thiophene) under
different loading of ZnO-KCC-1 (0.05 g/L, 0.1 g/L and 0.15
g/L) and initial concentration (100 ppm, 300 ppm, and 600
ppm). The kinetic study of photodegradation of thiophene in
petroleum fractions had been elucidated using zero order, 1st
order and 2nd order. This research is considered successfully
constructed as it can improve the environmental performance
by reducing the amount of sulfur-pollutant in the petroleum
fraction by photocatalytic activity thus is in line with the
national agenda towards cleaner environment.

1.1 Modified fibrous silica (KCC-1)

Modified fibrous silica (KCC-1) is known as a new type of
mesoporous silica material which has been an attention in
many applications due to has greater surface areas,
fibrousmorphologic, wide pore diameter, and high thermal
stability. For example, catalysis, hydrogen storage, and
capture conversion of CO, [6]. However, the study on the
application of KCC-1 is still on going by researchers. KCC-1
is mainly used for its high effectiveness due to its
microstructures and mesostructured. Moreover, the fibrous
morphologic of KCC-1 is expected to be enhancing the
accessibility of actives sites and continuously improving its
performance on adsorption process [6]. In addition, it allows
the active molecules to disperse on the bigger internal surface
area thus improves the performance of the catalysts [7]. On
1992, the previous chemically modified heteroatoms and
organic functional groups was successfully changed into
naturally porous materials as Mobil Oil Corporation scientists
(USA) was the first to synthesize Mobil Composition of
Matters MCM by surfactant-mediated self-assembly method
[8]. This method assisting of surfactant templating pathway
which opens a new type of materials known as mesoporous
materials. In addition, a material is defined as porous material
if the internal voids are able to fill in with gases [8]. The high
area surface is due to the fibres of the fibrous instead of the
size of the pores [9]. Thus, making KCC-1 the best and
suitable catalyst support where there is a need for significant
accessibility to active sites [9].
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1.2 Zinc Oxide (ZnO)

Zinc oxide used in nanoparticles structure mainly because
they are highly reactive due to their small size and their high
surface to volume ratio[10] - [11]. A lot of previous study that
have been done on the usage of zinc oxide nanoparticles to act
as photocatalysts in the degradation of dyes and resulted in as
a good photocatalytic activity [12]. In the previous study, it
stated that zinc oxide is a non-toxic and biocompatible
structure[13]. Not only that, it is also simple and inexpensive
to be synthesize. In addition, an article wrote by Ameta &
Sharma, clearly stated that zinc oxide nanoparticles are an
excellent photocatalytic oxidation material as it can absorbs
light in a larger spectrum[14]. Furthermore, ZnO was claimed
has the highest photocatalytic activity efficiencydue to its
great excitation binding energy and less toxic[15].

1.3 Thiophene

Thiophene is the simplest aromatic compound that contained
in sulphur with the molecular formula of C,H,S and has
resemblance to benzene in the term of its chemical and
physical properties. Aromatic species as thiophene are the
common impurities in fuels due it is least reactive [16].
Thiophene is usually applied for research under catalytic C-S
bond scission and hydrodesulfurization (HDS) mechanism
due to the simple structureof molecule.

7\
C\_S_/C

Figure 1: Schematic molecular structure [16]

1.4 Photocatalytic degradation of Thiophene

Photocatalysts is defined as any solid matters that can boost
the reactivity of reactions in the presence of light while it is
not consumed in the overall reaction. There are several good
characterizations of a photocatalysts which are photoactive,
able to utilize near UV light, biologically and chemically
inert, photostable which is not easily prone to corrosive, cheap
and lastly non-toxic [17]. There are several benefits when
using photocatalytic degradation which are complete process
of mineralization, there is no waste disposal problem, low in
price and the temperature and the pressure are required in mild
condition [17]. Photocatalytic reaction consists of the
irradiation of a photon with the energy equal or higher than
the band gap energy (Eg) of the catalyst, followed by the
excitation of electrons from the valence band (VB) to the
largely vacant conduction band (CB). Simultaneously, a hole
(h+) with strong oxidizing ability is formed. Excited electrons
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(e-) are able to carry out reduction reactions and h+ can
perform oxidation reactions [3].

Sulphur containing organic matters is defined as pollutant
in the fuel and based on an article written by Lin et al., [2], the
removal process of sulphur pollutants is difficult. Previously,
due to its aromaticity and having low density, the inertness in
thiophene causing it to be the most difficult sulphur pollutant
to be oxidized using the conventional method which is
oxidative desulphurization process. Therefore, an efficient
photocatalyst method has been developed for the removal of
sulphur content compound in fuel by photocatalytic oxidation.
The efficiency of the photocatalytic degradation process does
depend on the stability, particle size, surface area, band gap,
and electron-hole recombination lifetime of the photocatalyst.
Previously, many researchers have trying to improve and
upgrade the photocatalyst by changing the preparation method
of the photocatalysts, doping it with metals, and also by oxide
mixing [5].

Photocatalytic degradation is an excellent and established
advanced oxidation process used in the wastewater treatment.
The advantages of using this method is that such as
homogenous photo-Fenton is mineralized completely besides
the process produces no sludge. In addition, it has faster rate
of reaction at low cost and also operates well at ambient
pressure and temperature condition. The process continuously
receive attention because it has the potential of destroying a
bigger range of organic chemical substrates [19].

1.5 Proposed mechanism of photocatalytic degradation

The proposed mechanism illustration of photocatalytic
degradation is illustrated in order to be able to understand the
mechanism of the process as shown in Figure 2. The
performance of ZnO as a photocatalystis strongly associated
with the electronic structure of it. Photogenerated holes (h*) in
the valence band (VB) and electrons (e") in the conduction
band (CB) of the photocatalystis the first step to initiate
photocatalytic degradation of an organic molecule/ion in
solution. The generation of h* has a high oxidative potential,
for direct oxidation of the organic molecule/ion to reactive
intermediates. In addition, the reaction between h* with water
and OH" anions and also the reaction between dissolved O,
and ecould generatereactive species which are hydroxyl
radicals where highly assist in degradation of organic
substrate due its reactive behaviour.
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Figure 2:Proposed mechanism illustration for photocatalytic
degradation of thiophene
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1.6 Kinetic study

Kinetic study is the rates of chemical reactions which allows
chemists to put on prediction the rate of reaction changes
under certain conditions. Kinetic study is a priority due to it
can elucidate the reaction mechanism information to the
researcher. to elaborate kinetic study of degradation of
thiophene, the Langmuir Hinshelwood (L-H) is used in order
to describe the rate of photocatalytic degradation of thiophene
[20]. In order to determine the rate of reaction of
photocatalytic degradation of thiophene, the graph of In(C/C,)
versus time, t at different loading of photocatalyst [19], [20].

The zero-order kinetic reaction commonly used as it is very
simple along with good agreement for certain content in the
photocatalytic process. The equation of zero order reaction is
as follows:

Ay = —k + [Al, (1)

The first order of reaction is conveyed by an expression of:

In[A]l, = —k, + In[A],(2)

In addition, the 2" order of kinetic reaction is regard as
follows;

1
[Alo

1 —

[A]; B

Where, k (min?) is the apparent rate constant of the
first-order rate, Aq and A; are the concentrations of thiophene
at reaction time O and t respectively.ky, is the Kinetic
behaviour of first order reaction which affected by initial
organic content. It is used in the photocatalytic degradation to
define the relationship between apparent first order of rate
constant with the initial content of organic substrate. In
addition, the rate of reaction depends on the intensity of light
and catalyst absorption performance. Previous study stated by
Y. Li etal.,[21]which the intensity of light affects the constant
in the L-H model.

ki +—@)

2. MATERIALS AND METHODS
2.1 Synthesis of ZnO-KCC-1 Nanoparticles

The synthesis of ZnO-KCC-1 nanoparticles was completed in
the laboratory. 0.15 M of oxalic acid were added into 500 ml
of distilled water in a 500 ml beaker. While in another beaker,
0.1 M of zinc acetate were added into 500 ml distilled water.
Both solutions in beakers were stirred slowly until reaches
equilibrium condition for 5 minutes. After that, both solutions
were mixed in 1 L beaker and then, 2 g of KCC-1 were added
into each beaker and heated at 60°C and stirred for 37 minutes
using a hot plate stirrer. The precipitate that obtained was
filtered by using filter papers with diameter (D110) in a
manual filtration due to its nanoparticles size. The precipitate
was then dried in an oven at 100°C for 60 minutes.
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Subsequently, the precipitate was then put into a furnace at
550°C for 180 minutes. Next, the dried precipitate was
grinded manually by using a mortar to get the smoothest
texture of the precipitate.

2.2 Characterization of ZnO-KCC-1 Nanoparticles

The characterization of ZnO-KCC-1 nanoparticles was done
by using Fourier Transform Infrared Spectroscopy (FTIR) in
order to observe the functional group of ZnO in the
compound. Besides, the equipment also may define the
chemical bond that exists in the particles.

2.3 Photocatalytic degradation of Thiophene

In this experiment, 2 L of photocatalysis reactor was used in a
batch mode. The reactor was provided with a water-cooling
system along with a condenser fitted on the top. The reactor
has readily open up to UV lamp as an activation energy of
photocatalyst. The photocatalyst, ZnO-KCC-1 were added
into the reactor and the mixture was mixed using a magnetic
stirrer at 300 rpm for 30 minutes until the mixture reached the
equilibrium adsorbate-adsorbent condition. Two main
chemical substance, sodium hydroxide (NaOH) and sodium
chloride (NaCl) was used in the process. The function of both
main chemical substances is to adjust the pH solution that was
measured using pH meter (EUTECH INSTRUMENTS, pH
700). The photocatalyst was added into the untreated synthetic
thiophene solution at the condition of 0.2857 ml of synthetic
thiophene in 1000ml of acetonitrile before the photocatalysis
process started. The loading of the photocatalyst were
different on every initial at 0.05 g/L, 0.1 g/L, 0.15 g/L and the
photocatalytic degradation of thiophene were analysed at 3
parameter which are concentration, pH and turbidity. In
addition, the initial concentration of the synthetic thiophene
solution were differentiate at three reading which are 100
ppm, 300 ppm and 600 ppm. Next, 50 ml of treated synthetic
thiophene solution were sampled at the interval time of 5
minutes. Next, the sampled solution was put into Eppendorf,
5804 model centrifuges in order to separate the precipitate of
Zn0O-KCC-1 from the treated solution. The centrifugal
process was conducted at 5000 rpm, 3°C for 20 minutes.
Then, the treated synthetic thiophene solution was analysed
by the UV-Vis spectrophotometric method. In the
photodegradation process, percentage of degradation of
thiophene was calculated using the following equation;

Photodegradation = % x 100(4)

2.4 Quality Analysis of Synthetic Thiophene Solution

There are three synthetic thiophene solution quality analysis
that were measured which are pH of synthetic thiophene
solution, concentration of thiophene left in the solution and
the turbidity of the solution. After the thiophene is degraded,
the value of pH was measured by using the pH meter
(EUTECH INSTRUMENTS, pH 700). In the meanwhile, the
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concentration of thiophene left in the synthetic solution were
measured using the UV-Vis Spectrophotometer (Spectro
UV-2650, Labomed. Inc.). After that, the turbidity of the
waste water was measured using the turbidity instrument
measurement (EUTECH Instrument TN100, 1000NTU)
where the higher the turbidity value, the higher the amount of

thiophene left in the solution.

2.5Kinetic study of photocatalytic degradation

The kinetic study that were studied was based on the 3 order
of reaction which are zero order, 1% order and 2" order of
reaction. The zero-order kinetic reaction commonly used as it
is very simple along with good agreement for certain content
in the photocatalytic process. The equation of zero order
reaction is as follows:

Ay = —k, +[A], (5)
In the meanwhile, the 1% order kinetic reaction is as follows;
In[A], = —k, + In[A], (6)

In addition, the 2" order of kinetic reaction is regard as
follows;
L 1

— +
[4l; ke [4l,

()

The Langmuir Hinshelwood (L-H) will be used in
describing the kinetic study of photocatalytic degradation by
plotting the graph of In (C,/C) versus time, t. The relationship
of In (C,/C) versus time, t can be seen by using this formula:

Co
In= =kt (8)
3. RESULTS AND DISCUSSIONS

3.1 Fourier Transform Infrared Radiation Analysis

Processed IR spectrum
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Figure3:FTIR pattern of KCC-1
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Figure4:FTIR pattern of ZnO-KCC-1

Hence, depending on the analysis made based on both
Figure 3 and Figure 4 there are several common particles exist
in both pattern which are NH bond, Si-O-Si bond, and OH
bond. This hypothesis indicates that the combination of zinc
oxide with KCC-1 had successful to generate the
photocatalyst which is ZnO-KCC-1.

3.2Photocatalytic Degradation of Thiophene Under
Different Photocatalyst Loading

In this study, based on three different loading of photocatalyst
which are 0.05¢/L, 0.1g/L and 0.15 g/L different initial
turbidity value were achieved which are 5.20NTU, 5.00NTU
and 12.51NTU respectively. This is due to increase in amount
of photocatalyst loading that was inserted into the solution
causing the presence of the foreign matter inside the solution
does also increase.

Table 1:Turbidity value for different loading of ZnO-KCC-1
0.05¢/L 0.10g/L 0.15¢/L

Ti | Turbi | Conver | Turbi | Conver | Turbi | Conver

me | dity sion dity sion dity sion
NTU (%) NTU (%) NTU (%)
15 | 0.89 33.33 0.75 27 0.45 83.3
20 | 0.28 33.33 0.75 27 0.27 83.3
30 | 0.28 33.33 0.15 81.82 0.27 83.3
45 | 041 55.56 0.10 81.82 0.18 83.3

60 | 0.17 88.89 0.22 81.82 0.42 83.3

Based on Table 1, the condition under photocatalyst
loading of 0.05 g/L at time taken of 15 minutes with
conversion of 33.33%, the turbidity value is at 0.89 NTU. In
the meanwhile, for both 20 minutes and 30 minutes of the
experimental procedure, the percentage of conversion and
turbidity value is constant at 33.33% and 0.28 NTU
respectively. As for the variable time of 45 minutes, the

turbidity value reaches 0.41 NTU at conversion of 44.46%.
Then, at 60 minutes of running, the turbidity value changes
into 0.17 NTU at the best conversion of 88.89%. Based on the
collected data, the most efficient loading of photocatalyst is
0.05 g/L. Hence, by looking at Table 1, the percentage of
conversion is at their peak as it reaches conversion at 60 min
degradation of thiophene. Meanwhile for loading of
Zn0-KCC-1at 0.15 g/L the conversion value is constant from
interval time of 15 minutes until it reaches 60 minutes at
83.30% with turbidity value different at each time 0.45NTU,
0.27NTU, 0.27NTU, 0.18NTU, and 0.42NTU respectively.

Graph Conversion vs Time at 0.1 gL loading
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Figure5:Graph of conversion vs time at loading of 0.10 g/L

Based on Figure 5, the highest conversion peak at loading
of photocatalysts of 0.10 g/L is at 80%-90% at interval time of
30 minutes. However, the conversion was constant after 30
minutes. Theoretically, the higher the amount of the
concentration of catalysts results to increasing number of
active site available for adsorption. However, previous study
made by Diya” Uddeen et al. stated that the increasing amount
of catalyst concentration over certain fixed limit for the
process does not gives any significant changes related to the
efficiency of the degradation due to maximum limit of photon
absorption within the reactor is reached[19].

3.3PhotocatalyticDegradation of Thiophene Under
Different Initial Concentration
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Figure6: Bar chart percentage of conversion against time in minutes.
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The most important factors that affects the photocatalytic
activity efficiencyis concentration of thiophene. This is due to
nature of characteristics of thiophene theoretically, the higher
concentration of thiophene in the solution, results in higher
foreign matter in the solution that need to be degraded.
Furthermore,if the loading of the catalyst is lower, it will
cause the production of organic molecule. This is mainly
because of less transmitted radiation utilised in the reaction
due to more light is transmitted through reactor [18].

The experimental procedure was conducted in purpose of
studying the effect of three different concentration of
thiophene at 100 ppm, 300 ppm and 600 ppm. Each of the
concentration inserted using the same optimum loading of
Zn0-KCC-1 at 0.05 g/L under optimum pH at pH 7. Based on
the bar graph showed in Figure 6, it clearly shows that at 15
minutes 100 ppm concentration of thiophene were degraded at
the loading of photocatalyst of 0.05g/L for conversion as
much as 62.5%. Meanwhile, for 300 ppm the conversion
percentage is 33.33% and the value was constant until it
reaches time interval of 30 minutes. the same occurrence to
the initial concentration of thiophene at 600 ppm whereby the
value of conversion was constant from variable time of 15
minutes until it reaches 30 minutes at conversion of 30%. For
the interval of 20 minutes, it shows that 100 ppm
concentration of thiophene were degraded at 62.5%. Next, at
30 minutes, 100 ppm concentration of thiophene were
degraded at the conversion of 68.8%. In the meanwhile, at the
interval time of 45 minutes, all concentration (100 ppm, 300
ppm, 600 ppm) showed percentage of conversion where by
the highest conversion is 100 ppm at 75%, followed by 300
ppm at 55.56% and 600 ppm at only 40%.

However, based on Figure 6 at variable time taken of 60
minutes, 100 ppm and 300 ppm showed degradation activity
occurred at 87.50% and 88.89%. Meanwhile constant
degradation of 40% made on the concentration of thiophene at
600 ppm. Thus, it can be concluded that the optimum
concentration of thiophene is 300 ppm. This is mainly
because, looking at the percentage of degradation of
thiophene at interval time of 60 minutes, 300 ppm degraded as
much as 1.39% higher 100 ppm and 48.89% higher than initial
concentration of thiophene of 600 ppm. Which likely to be
favoured as at higher concentration of thiophene with lower
loading of photocatalyst, higher degradation can be achieved.

4. CONCLUSION

As a brief declaration to the overall study of this research, this
study was conducted with the aim to get the better of polluted
characteristics presence of thiophene in the petroleum
fractions which have backlash of organic material which will
affect the environment if it is being release. Thus, the chosen
method is photocatalytic degradation as a promising process
in degrading the organic pollutant which is thiophene from the
petroleum. Moreover, the photocatalyst wused was
Zn0-KCC-1 nanoparticles which is a novel photocatalyst in
the scope of photocatalytic degradation of organic pollutant.
The results obtained from the experimental conducted have
successfully proved that the objectives of this study have been
accomplished. The objectives are to methodically prepare and
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characterize ZnO-KCC-1 nanoparticles via precipitation
method. Next, to investigate the catalytic conversion of
sulphur-pollutants in petroleum fractions under different
photocatalyst loading and initial concentration of thiophene.
Besides, this research also aims to elucidate the kinetic study
of photodegradation of thiophene in petroleum fractions. This
study has successfully achieved the objectives as:

l. Zn0O-KCC-1 nanoparticles were  successfully
synthesized via precipitation method.
Characterization of ZnO-KCC-1 nanoparticles were
successfully conducted by using Fourier Transform
Infrared Spectroscopy (FTIR) The results show that
the ZnO-KCC-1 contains NH and OH bond
stretching and in deformation mode.

. The optimum condition of photocatalytic activity of
degrading synthetic thiophene in the presence of
Zn0O-KCC-1  nanoparticles  which  act as
photocatalyst was successfully determined. The
optimum condition is at initial concentration of
synthetic thiophene at 300ppm in the presence of
0.05¢g/L  ZnO-KCC-1 whereby the highest
percentage of conversion was 88.89%.

. The kinetic study of photodegradation of synthetic
thiophene in petroleum fractions were successfully
determined by constructing graphs of In([C,J/[C])
against time in minutes. The result shows that it
follows the first-order kinetic reaction where the
slope of the linear diagram (R?) nearest to 1 at value
0.7707. It can be concluded that photocatalytic
degradation of synthetic thiophene can be
successfully degraded in presence of ZnO-KCC-1
nanoparticles under the optimum condition.
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