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Introduction

Fossil fuels contribution in energy and chemicals so far
is about 82% .[1]. Crude oil often contains 0.1-5 wt.%
sulfur compounds which may cause serious problems
such as catalyst deactivation and corrosion of refinery
equipment’s, and air pollution .[1]. The most common
industrial approach to remove sulfur from fuels is
hydrodesulfurization (HDS) which is conducted under
high pressure of hydrogen and temperatures .[2].
However, the HDS processes suffer from consumption
of high amounts of hydrogen and saturation of alkene
compounds, leading to decrease in octane number.
Catalytic oxidative desulfurization (ODS) is an
alternative for the HDS processed due to the milder
operational conditions in liquid phase and the use
of safe oxidants such as H,O,. [3]. Heterogeneous
catalysts, among the catalysts are better alternative due
to the possibility of reusing the catalysts and tuning
their physicochemical properties to enhance catalytic
performances .[4]. The titaniosilicalite (TS-1) zeolite
which has been prepared by substitution of Si with Ti
is an efficient heterogeneous catalyst for oxidation of
many organic compounds including dibenzothiophene
(DBT). [5]. The TS-1 possess MFI topology with
Lewis acid feature. In this study, we investigated the
impact of polyvinyl alcohol (PVA) on the framework
Ti and particle size of TS-1 was investigated. The
obtained TS-1 catalysts were used in oxidation of DBT
into DBT sulfone.

Accepted: December/31/2019

Experimental Procedure
Catalyst preparation

The TS-1 catalysts were synthesized through
the hydrothermal process. Initially, a mixture of
tetrapropylammonium hydroxide (9.5 g) and deionized
water (2.5 g) was prepared, and then tetraethyl
orthosilicate (7.5 g) was added to the mixture. Then,
tetra-tert-butyl orthotitanate (0.32 g) in isopropanol
(1.3 ml) was added to the synthesis mixture and stirred
for 20 min. Water (26 ml) containing PVA (1.5 g) was
added and the temperature raised to 70 °C and stirred
for 2 h. The synthesis mixtures were aged at 160 °C
for 3 days. The obtained TS-1 catalysts were washed,
dried, and calcined at 550 °C for 6 h. The calcined TS-1
catalysts then were characterized by various techniques
of FT-IR, N, adsorption-desorption, SEM, and XRD.
The TS-1 synthesized in the presence of PVA, and the
reference catalyst, synthesized in the absence of PVA,
were called TS-1-VA and TS-1, respectively.

Catalytic activity test

For catalytic test, 50 mg of each TS-1 was added
to a three-way round bottle flask containing 10 g of
n-octane and 1,000 ppm of DBT. The In addition,
the temperature of the mixture increased to 60 °C
and then the reaction started by addition tert-butyl
hydroperoxide (TBHP:DBT: 2.8:1). The aliquots
were taken periodically and analyzed by a gas
chromatograph to measure conversion.



Results and Discussion

The obtained TS-1 catalysts were characterized by
several techniques of XRD, N, adsorption-desorption,
FT-IR and SEM techniques. The characterization
results by XRD is given in Figure 1. The XRD patterns
of TS-1 and TS-1-PVA showed diffraction peaks at 26
0f 7.8, 8.8,23.3, 23,9 and 24.3° confirming successful
synthesis of the MFI topology .[6].
The obtained catalysts furthermore were investigated
by the use of SEM technique. The TS-1 and TS-1-
PVA showed average particle sizes of 210 and 100
nm, respectively indicating the importance of TS-1 in
decrease of the particle sizes.
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Fig 1: XRD patterns of (A) TS-1 and (B) TS-1-PVA.

The obtained materials then was characterized by
N, adsorption-desorption techniques. The external
surface area obtained from the #-plot showed the
external surface area of 55 and 126 m?%g for the TS-1
and TS-1-PVA, respectively. The much higher external
surface area of TS-1-PVA than that of TS-1 thus is in
accordance with the average particle sizes obtained by
SEM technique.

The FT-IR is used to determine the formation of the
MFTI topology and the relative amounts of framework
Ti .[7]. The FT-IR results showed absorption peaks
at 550, 800, and 960 cm™ suggesting successful
synthesis of the MFI topology (data were not shown).
The relative absorbance at 960 to that at 800 cm'! Logy/

L, index of framework Ti, were 1.88 and 1.78 for TS-1
and TS-1-PVA, respectively presenting almost similar
framework Ti for both samples.

The TS-1 and TS-1-PVA then were used in oxidation
of DBT. The DBT conversion by TS-1 and TS-1-PVA
were 26 and 100%, respectively. The reason behind
much higher activity by TS-1-PVA is coming from its
much higher external surface area by smaller particle
sizes. This is because the size of DBT (0.9 nm) is
bigger than the micropore size of TS-1 (0.56 nm) and
thus most of the DBT oxidation occurs on the external
surface areas of the TS-1 particles, as seen in Figure 2
(aand b).
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Fig 2: SEM images of (A) TS-1-PVA and (B) TS-1.

Conclusions

The TS-1 synthesized under the presence of PVA (TS-
1-PVA) presented smaller particle sizes and increased
external surface area, resulted in much higher DBT
conversion (100%) than that of TS-1.
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