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ABSTRACT

In this study, the preparation of layered double hydroxide-metal oxide (ZnAl-ZnO, MgAlI-ZnO, and NiAl-ZnO) was successful.
The characterization of the catalyst used XRD, FTIR, and SEM analysis. The catalyst shows high oxidative desulfurization of
dibenzothiophene. The percentage conversion of dibenzothiophene on ZnAl-ZnO, MgAIl-ZnO, and NiAl-ZnO was 99.38%,
99.34%, and 99.90%, respectively. The acidities of ZnAl-ZnO, MgAI-Zn0O, and NiAI-ZnO were 0.798, 2.469, and 0.184 mmol/g,
respectively. The catalysts are heterogeneous systems, and the advantage is that they can be used for reusability. After 3 cycles
of catalytic reactions at 323 K for 30 min, reusability proves that the percentage conversion of dibenzothiophene on ZnAl-ZnO,
MgAI-Zn0O, and NiAIl-ZnO had a stable structure.
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1. Introduction Conventional hydrodesulfurization is used to reduce the

content of sulfur compounds, but it requires high
temperatures and  pressure  [11].  Oxidative
desulfurization does not require high temperatures to
convert dibenzothiophene, so it is very effective [12].
The oxidative desulfurization process requires a catalyst
to increase the reaction rate [13]. The development of
catalysts for the desulfurization process is still being
carried out until now [14]. Catalysts for oxidative
desulfurization of dibenzothiophenes such as
polyoxometalates [15], Cr-promoted sulfated zirconia

methods being developed, such as biodesulfurization [16], Mo/MCM-41 [17], and layered double hydroxide

(BDS) [5], adsorptive desulfurization [6], extractive (LDH) [18], [19].
desulfurization (EDS) [7], and oxidative desulfurization LDH is a compound composed of a positively charged

Currently, the development of the vehicle industry is
increasing. Most of the vehicles produced still use fossil
fuels. However, fossil fuels containing sulfur
compounds are one of the causes of air pollution [1].
Therefore, sulfur compounds such as dibenzothiophene
and its derivatives must be converted to
dibenzothiophene-sulfones [2]. In 2005, Europe
permitted a sulfur concentration of 10 ppm in fuel oil;
however, in 2006, America permitted a sulfur
concentration of 15 ppm [3], [4]. The desulfurization

[8]-[10]. The oxidative desulfurization method is a layer and an anion interlayer [20]. The Chemical
current concern in oxidizing dibenzothiophene composition of the constituent layers, layer charge
compounds and their derivatives. density, type of anion, the quantity of anions, and the
“Corresponding author: size of LDH can be modified [21]. In oxidative
E-mail address: aldesleshani@pps.unsri.ac.id desulfurization processes, LDH has good prospects as a
(A. Lesbani) catalyst. Catalysis is of importance to LDH because of
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its large surface area and thermal stability [22]. LDH is
combined with ZnO, a metal oxide, to increase the
active site in oxidative desulfurization. ZnO catalyst is
low-cost and has have a high oxidizing capacity [23],
[24]. ZnO has gained a great deal of interest in the
degradation and oxidation of environmental pollutants
[25], [26]. Calcinating LDH and metal oxide
combination produce produces composites easily [27].
LDH has been reported for catalysis processes, such as
photocatalytic [28], [29], methanol electrooxidation
[30], and hydrogen production [31]. There are
homogeneous and heterogeneous catalysts.
Homogeneous catalysts are soluble in the reaction’s
reactants and/or products, whereas heterogeneous
catalysts are insoluble. The benefit of heterogeneous
catalysts is their reusability [32].

ZnAl-ZnO, MgAI-ZnO, and NiAI-ZnO were produced
as catalysts for the oxidative desulfurization of
dibenzothiophene in this study. To determine the
success of catalyst preparation, XRD, FTIR, and SEM
analyses were employed to characterize catalysts.
Variations were made to time, UV-Vis spectrum,
catalyst dosage, temperature, solvent, acidity test, and
reusability in order to optimize the oxidative
desulfurization of dibenzothiophene. The
heterogeneous test was conducted to see whether a
really heterogeneous system would be produced.

2. Experimental

2.1.
oxide
ZnAl-ZnO, MgAI-ZnO, and NiAl-ZnO were prepared
according to previously reported methods by Ahmad et
al. [33]: 0.75 M magnesium/zinc/nickel nitrate
hexahydrate and 0.25 M aluminum nitrate nonahydrate
dissolved in 100 mL of pure water, stirred for 10 min.
Then slowly add 2 M sodium hydroxide to pH 10. The
mixture was stirred for 10 h at 353 K, then added ZnO
(ratio 1:1), and shaken for 3 h. the mixture was added
150 mL 0.37 M sodium hydroxide, shaken for 10 h at
353 K, filtered, dried, and then calcinated at 573 K for 7
h.

2.2. Characterization

Characterization of the materials using an X-Ray
Diffractometer (Rigaku Miniflex-6000), UV-Vis
Spectrophotometer (EMC-18PC-UV), Fourier Transfer
Infra-Red (Shimadzu Prestige-21), and Scanning
Electron Microscope (Quanta 650).

2.3. Oxidative desulfurization and analysis
Catalytic oxidative desulfurization reactions were
carried out in a 100 mL two-pronged flask under
magnetic stirring at 300 rpm and connected with a
condenser. 500 ppm as the initial concentration of

Preparation of layered double hydroxide-zinc
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dibenzothiophene was added to 30 mL of n-hexane as a
solvent, followed by 0.25 g of ZnAl-ZnO, MgAIl-ZnO,
and NiAI-ZnO. 1 mL hydrogen peroxide and 3 mL
acetonitrile were added as oxidant and extraction agents,
respectively. The reaction was set at 323 K and observed
per 10 min. The sulfur conversion of dibenzothiophene
was analyzed by equation (1).

% conversion = @ x 100 (1)
0
Where, C, and Cr are the initial and final concentrations
of dibenzothiophene, respectively.

24, Heterogeneous test

A heterogeneous test was conducted by desulfurizing
500 ppm of dibenzothiophene in 30 mL of n-hexane at
323 K for 10 min. Afterward, the catalyst and
dibenzothiophene solution was separated. The
dibenzothiophene solution continued with the
desulfurization process for 20-30 min at 323 K. The
sulfur conversion of dibenzothiophene was analyzed.

3. Results and Discussion

Diffraction patterns of ZnAl-ZnO, MgAI-ZnO, and
NiAl-ZnO are shown in Fig. 1. The catalysts peaks were
detected at 20 = 10.29°, 31.75°, 34.41°, 36.24°, 47.52°,
56.56°, and 60.16° corresponding to the (003), (100),
(002), (101), (002), (110), and (013) reflections,
respectively. The diffraction peaks at 26 = 10.29° and
60.16° indicate the typical structure of LDH [34]. The
diffraction peaks at 20 31.75°, 34.41°, 36.24°, 47.52°,
56.56° indicate typical structure of ZnO. JCPDS of
ZnAl, MgAl, NiAl, and ZnO were in accordance with
numbers 138-0486, 22-700, 15-0087, and 36-1451,
respectively [35], [36]. The crystallite size was
determined by using Scherrer's equation for the XRD
data. Equation (2) illustrates the Scherer equation [37].
d= (KxL)/(Bxcos 0 ) 2)

The Scherrer equation verifies the relationship between
crystallite size d (nm) and B (peak width of the
diffraction peak or FWHM) and cos 6 (the half of the
diffraction angle). In addition, it demonstrates that the
term d has a direct relationship with the Scherrer
constant K (often 0.9, depending on the crystallite
shape) and the X-ray wavelength A (Cu-Ko line at
0.15406 nm) [38]. Based on the Scherrer equation,
ZnAl-ZnO, MgAI-ZnO, and NiAl-ZnO have average
crystallite sizes of 22, 30, and 25 nm, respectively.

The FTIR spectrum (Fig. 2) of ZnAl-ZnO, MgAI-ZnO,
and NiAl-ZnO shows characteristic vibrations at 3398,
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Fig. 2 FTIR spectra of catalysts
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1651, 1339, 833, and 601 cm™. The peak at 3398 cm'?
could be correlated to O-H stretching [39]. 1651 and
1339 cm™ correspond to H-O-H and NOs stretching
from LDH [40]. Metal oxide in LDH and ZnO was
observed at 833 and 601 cm™ [29]. The M-O and M-O-
M absorption peaks between ZnO and LDH overlap at
833 and 601 cm™.

LFD 1000 kv | 250 x

Flg 3 SEM pictures and dlameter dlstrlutlon of ZnAI ZnO (), MgAI-ZnO (b), and NiAl-ZnO (c)
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The surface morphology and diameter distribution of
ZnAl-ZnO, MgAI-ZnO, and NiAl-ZnO are depicted in
Fig. 3. The usual surfaces of ZnAl-ZnO, MgAI-ZnO,
and NiAl-ZnO are not smooth and have uneven forms
and sizes. ZnAl-ZnO, MgAI-Zn0O, and NiAl-ZnO have
average diameter distributions of 2.8 nm, 51.0 nm, and
28.5 nm, respectively. ZnAl-ZnO possessed a narrower
diameter distribution than MgAI-ZnO and NiAI-ZnO.
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Pyridine served as the adsorbate base for the acidity test
of ZnAl-ZnO, MgAI-ZnO, and NiAIl-ZnO. The acidity
of ZnAl-ZnO, MgAI-Zn0O, and NiAIl-ZnO, according to
Table 1, was 0.798, 2.469, and 0.184 mmol/g,
respectively. The amount of pyridine adsorbed
influences the acidity of catalysts. During oxidative
desulfurization, acid sites are able to take electrons. To
convert  dibenzothiophene to dibenzothiophene-
sulfones, the acid sites of catalysts must be polyacid
[41]. The positively charged LDH (Zn?*, Mg?*, Ni?*,
AlIP*) can generate a strong electrostatic field, which can
easily activate the hydrogen atoms in H-bonds and
release protons, hence increasing the number of strong
Bronsted acid sites. Transition metal cations of LDH
have the ability to generate Lewis acid sites. Schematic
oxidative desulfurization of dibenzothiophene is
displayed in Fig. 4.

In the oxidative desulfurization of dibenzothiophene,
reaction time is one of the most influential elements of
conversion. Fig. 5 depicts the 10-60 min reaction time
used. The increase in reaction time enhances the
dibenzothiophene conversion in catalysts. Increasing
reaction time improves the interaction between two
immiscible phases, enhancing efficiency [33]. For 500
ppm dibenzothiophene, the ZnAl-ZnO, MgAlI-Zn0O, and

NiAI-ZnO conversion rates were 99.38%, 99.34%, and
99.90%, respectively. The optimal response time was 30
min.

The 220-250 nm wavelength scan desulfurization
technique was utilized. Fig. 6 demonstrates that the
maximum wavelength of dibenzothiophene is 235 nm.
The absorbance of dibenzothiophene dropped as the
reaction time increased. As an oxidizing agent, H,O is
essential  for converting dibenzothiophene to
dibenzothiophene-sulfones [42], [43]. In the final step
of the oxidative desulfurization process, acetonitrile was
utilized as an extraction agent to remove oxidized sulfur
compounds [44].

Table 1. Acidity of catalyst

Catalyst Acidity (mmol/g)
Zn/Al-ZnO 0.798
Mg/Al-ZnO 2.469
Ni/Al-ZnO 0.184
/ \ = HO, / =
= \ Y Catalyst — \ Y
S N,
0 0
Fig. 4 Schematic  Oxidative desulfurization of

dibenzothiophene
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Fig. 5 Effect of reaction time on oxidative desulfurization of dibenzothiophene (n-hexane solvent, 0.25 g catalysts, 323 K, 300

rpm)
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Variations of 0.05, 0.1, 0.25, 0.5, and 1 g were used to
examine the influence of catalyst dose on the oxidative
desulfurization of dibenzothiophene. At a temperature
of 323 K for 30 min, the effect of catalyst dosage was
investigated for an initial concentration of 500 ppm
dibenzothiophene. Based on the findings in Fig. 7, 0.25
g of ZnAl-ZnO, MgAI-ZnO, or NiAI-ZnO is the optimal
the desulfurization of
dibenzothiophene. The increase in catalyst dosage
increases the catalytic site and the competition with

amount of catalyst for

oxidant molecules [16], [45].
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the optimal  desulfurization  temperature  for
dibenzothiophene is 323 K. Temperature increase
accelerates the rate of molecular diffusion and increases
the interaction between dibenzothiophene and catalysts,
so making the desulfurization process successful [9].
Consequently, the oxidative desulfurization procedure
is set to 323 K. In addition, n-pentane, n-hexane, and n-
heptane were utilized as solvents for dibenzothiophene.
In terms of solvent effect, n-hexane is superior to n-
pentane and n-heptane. Fig. 9 depicts the conversion of
dibenzothiophene on MgAI-ZnO < ZnAl-ZnO < NiAl-
ZnO. This study compared several published studies
shown in Table 2.

Temperature-dependent oxidative desulfurization of
dibenzothiophene at 303 K to 323 K. Based on Fig. 8,
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Fig. 6 UV-Vis spectrum of oxidative desulfurization dibenzothiophene by ZnAl-ZnO (a), MgAl-ZnO (b), and NiAl-ZnO (c) (n-
hexane solvent, 0.25 g catalysts, 323 K, 300 rpm)
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Fig. 8 Effect of temperatures on oxidative desulfurization by composite catalysts (n-hexane solvent, 0.25 g catalysts, 30 min,
300 rpm)
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Fig. 9 Effect of solvent on desulfurization of dibenzothiophene by composite catalysts (30 min, 0.25 g catalysts, 323 K, 300 rpm)
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Table 2. Comparison this work with several published studies

% Conversion of
dibenzothiophene
93.83

Ref.
[41]

Reaction conditions

t =120 min, T = 333 K, dosage of
catalyst = 0.1 g, solvent = n-hexane,
oxidant = H,0,, DBT =500 ppm
t =30 min, T = 373 K, dosage of
catalyst = 0.005 g, solvent = n-octane,
oxidant = CYHPO, DBT =500 ppm
t =60 min, T = 323 K, dosage of
catalyst = 0.15 g, solvent = n-octane,
oxidant = H,0,, DBT = 800 ppm
t =120 min, T = 353 K, dosage of
catalyst = 0.02 g, solvent = n-octane,
oxidant = H,0,, DBT = 1000 ppm
t =120 min, T = 303 K, dosage of
catalyst = 0.1 g, solvent = n-octane,
oxidant = H,0,, DBT =500 ppm
t =30 min, T = 323 K, dosage of
catalyst = 0.25 g, solvent = n-hexane,
oxidant = H,O2, DBT = 500 ppm
t =30 min, T =323 K, dosage of
catalyst = 0.25 g, solvent = n-hexane,
oxidant = H,O2, DBT = 500 ppm
t =30 min, T = 323 K, dosage of
catalyst = 0.25 g, solvent = n-hexane,
oxidant = H,0,, DBT =500 ppm

Catalyst
ZnO-AC

Mo/Ti-PILC 99.90 [48]

WOS/TiO; 100 [49]

MDC-C 99.50 [50]

BaFe,04 92 [51]

ZnAl-ZnO
99.38 This study
MgAI-ZnO
99.34 This study
NiAl-ZnO

99.90 This study

was performed to detect changes in functional groups.
Fig. 12 demonstrates that the FTIR spectrum of
dibenzothiophene  before and after oxidative

Homogeneous or heterogeneous tests were conducted to
determine whether ZnAl-ZnO, MgAI-ZnO, and NiAl-

ZnO are catalysts. The catalyst and dibenzothiophene
were separated after undergoing an oxidative
desulfurization process at 323 K for 10 min. Without a
catalyst, the reaction lasted between 20 and 30 min. The
constant concentration of dibenzothiophene suggests
that the system is heterogeneous. In accordance with
Fig. 10, ZnAl-ZnO, MgAI-ZnO, and NiAl-ZnO are
heterogeneous catalysts. The benefit of heterogeneous
catalysts can be applied to reusability processes [32].

The reusability of the catalyst is crucial for the industry's
cost-cutting efforts [46]. Using n-hexane as the solvent,
the reusability of catalysts was examined. After each
cycle, the recovered catalyst is ultrasonically desorbed,
dried, and reused in oxidative desulfurization [47]. Fig.
11 exhibited the catalyst's reusability after three cycles.
After three cycles of oxidative desulfurization,
dibenzothiophene conversion on ZnAl-ZnO, MgAl-
Zn0O, and NiAI-ZnO was 89.71%, 96.02%, and 98.99%,
respectively. The capacity to be reused demonstrates
that ZnAl-ZnO, MgAI-ZnO, and NiAl-ZnO have stable
structures. In order to bolster this claim, FTIR analysis
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desulfurization did not change considerably. The
spectra of ZnAl-ZnO, MgAI-Zn0O, and NiAl-ZnO have
observed at 3398, 1651, 1339, 833, and 601 cm-1. Metal
oxide in LDH and ZnO was observed around 833 and
601 cm™. Therefore, the ZnAl-ZnO, MgAl-ZnO, and
NiAl-ZnO composites have a stable structure and can be
reused.

4. Conclusions

In this study, ZnAl-ZnO, MgAI-ZnO, and NiAl-ZnO
were successfully prepared. The catalyst demonstrates
high oxidative desulfurization of dibenzothiophene. The
percentage of dibenzothiophene conversion on ZnAl-
ZnO, MgAI-ZnO, and NiAI-ZnO, respectively, was
99.38%, 99.34%, and 99.90%. Catalysts are
heterogeneous systems, with the benefit being their
reusability. Reusability demonstrates that the structure
of dibenzothiophene on ZnAl-ZnO, MgAIl-ZnO, and
NiAI-ZnO remained stable after three cycles of catalytic
reactions.
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