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INTRODUCTION

Zeolites are the most vital catalysts in chemical industries
especially in the petroleum industry. They exhibit suitable
catalytic properties partly because of their uniform pore size,
crystalline framework, strong acidity and high internal surface
area [1]. Natural zeolite is one of the most abundant natural
materials in Indonesia especially in West Java (Tasikmalaya,
Bogor and Sukabumi), Central Java (Klaten and Wonosari) and
East Java (Bayah) [2]. Natural zeolites contain a large amount of
impurities, thereby necessitating their modification and activation
to enhance catalytic activities. Impregnation has become a recom-
mended method to increase the active sites of catalysts. In catalyst
systems, transition metals can serve as active catalyst sites during
hydrocracking. Acidity levels substantially influences catalyst
performance. A higher catalytic acidity leads to more active sites,
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which can generate adsorption energy for reactants, thereby
increasing the amount of cracked feeds [3].

Nickel is a eco-friendly and has considerable hydrogenation
activity [4], therefore easily forms covalent coordination bonds
to facilitate intermediate production on the surface of catalysts.
Catalyst-reactant bonds are weak; thus, reaction products were
easily separate from the catalyst surface. Hence, the reaction acce-
lerates, even when the product contains long carbon chains. Thus,
nickel can serve as a promising metal for increasing the acidity
of zeolites through wet impregnation to synthesize catalysts
by adsorbing precursor salts that provide the active components
of Ni in their solution. The increase in the zeolite acidity results
in regular structural changes, which increase the effectiveness
and selectivity of zeolites [4].

By using the catalyst, a catalyst activity test was performed
for the hydrocracking of cooking oil, which was already used,
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into biogasoline. The used cooking oil is an abundant source
of the raw materials of biodiesel. These raw materials contain
large amounts of fatty acids; can be easily acquired from
household, industrial, and commercial disposed products at a
low cost, and are available in large quantities [5]. Additionally,
used cooking palm oil contains palmitic acid, oleic acid, stearic
acid, linoleic acid, lauric acid and myristic acid [6]. Therefore,
this oil can be promisingly cracked into a short hydrocarbon
that can serve as a fuel. From used materials, vegetable oils,
energy crops, aquatic biomass, and forest products, biogasoline
can be manufactured. Currently, method development for bio-
gasoline generation is commonly achieved through processes,
such as hydrocracking and thermal cracking, which produce
large portions of biogasoline [7,8]. This study reported the
influence of nickel impregnation on natural zeolites to explore
their applications in the hydrocracking of the used cooking
oil into biogasoline because zeolites provide high selectivity
and activity during cracking to achieve maximal production
of the expected fraction of biogasoline (C5-C12).

EXPERIMENTAL

The materials used in this study were Klaten natural zeolite,
used cooking oil, 37% HCl, nickel nitrate hexahydrate, silver
nitrate, and 25% ammonia (NH3) from Merck. Nitrogen and
hydrogen gases were obtained from PT. Samator Gas Industri,
Indonesia.

Activation of natural zeolites: Initially, natural zeolites
were washed with distilled water and dried at 120 ºC for 12 h.
Natural zeolites were activated by employing 9 M HCl at 90
ºC and for 2 h. Then, the resulting product was washed using
distilled water to remove Cl− ions and was tested using 0.1 M
AgNO3 to ensure complete removal. Subsequently, at 550 ºC,
natural zeolites were calcined for 5 h to acquired activated natural
zeolites, which then were analyzed through XRD and FTIR.

ANZ/Ni Fabrication through wet impregnation: Acti-
vated natural zeolites (ANZs) were impregnated with varying
concentrations of Ni(NO3)2·6H2O (1%, 2% and 3%). Impre-

gnation was achieved by stirring for 24 h at room temperature.
Moreover, ANZ/Ni was dried at 120 ºC. The dried ANZ/Ni
was calcined using N2 gas flow at  550 ºC for 3 h. Subsequently,
by using H2 gas, reduction was then conducted at 400 ºC for 3 h
to acquire ANZ/Ni 1%, ANZ/Ni 2% and ANZ/Ni 3%. All catalysts
were analyzed using XRD, FTIR, BET, SAA, SEM and the
acidity test.

Hydrocracking of used cooking oil: The used cooking
oil was catalytically and thermally hydrocracked at 450 ºC for
1 h at the ratio of catalyst to feed of 1:100. Hydrocracking was
performed under a hydrogen gas flow of 20 mL min-1. By using
GC-MS, the composition of liquid products was explored. From
the hydrocarbon fraction with the carbon atoms of C5-C12,
the biogasoline fraction was calculated.

RESULTS AND DISCUSSION

FTIR studies: The activation of natural zeolites resulted
dealumination, i.e., removal of aluminium from the framework
of zeolites, thereby increasing the Si/Al zeolite ratio. IR spectra
show an increase in the intensity at the wavelengths of 794
and 462 cm-1, which corresponded to Si-O (Fig. 1a). This
increase resulted from an increase in the Si-O (quartz) group.
Moreover, the acid treatment increased the hydrophobic nature
of natural zeolites because of the increased hydrophobic Si-O
groups. The decrease in the intensity of the wavenumber 3425
cm-1 corresponding to O-H group indicated the increase in
hydro-phobic properties. Furthermore, intensity decreased at
the 1635 cm-1, which showed the O-H bending vibration [9,10].

To increase their acidity, activated natural zeolites were
impregnated using nickel. FTIR spectra present the difference
between Ni (1%, 2%, and 3%) impregnated zeolites and ANZ
in terms of their adsorption band at 3425 cm-1 (Fig. 1b). This
change was caused by the decreased number of -OH groups.
The acidic capacity of zeolites enhanced because of photons
production caused by water molecule separation that was
related to the Brønsted acid sites of zeolites [11,12]. An inten-
sity change at 794 cm-1 is observed in the FTIR spectra. The
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Fig. 1. FTIR spectra of (A) NZ (a), ANZ (b) and (B) ANZ (a), ANZ/Ni 1% (b), ANZ/Ni 2% (c), ANZ/Ni 3% (d)
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higher was the Ni-impregnation concentration, the wider was
the adsorption band at a higher wavenumber. These results
revealed that Ni addition can change the vibrations of Si-O group
in zeolites.

XRD studies: After activation, the crystallinity of natural
zeolites was analyzed to determine the impact of the acid treat-
ment on the crystal framework of natural zeolites. Fig. 2a illus-
trates the diffractograms of natural zeolites acquired before
and after they were activated through the acid treatment. De-
alumination using the acid treatment can change the Si/Al ratio
and acidity of natural zeolites. The obtained diffractogram indi-
cates that main components of natural zeolites were mordenite
and clinoptilolite, which remained mixed with quartz. The
activation results indicated that zeolites can maintain their
crystallinity without any substantial damage [13].

Fig. 2b presents the XRD pattern of Ni-impregnated (1%,
2%, and 3%) zeolites and activated natural zeolites. The XRD
results showed no considerable changes in diffractogram for
all zeolites, indicating successful impregnation of nickel into
activated natural zeolite. Characteristic diffraction peaks
appearing at 2θ of 13.41º, 19.56º, 22.25º, 25.61º, 27.66º and
31.91º indicated ANZ purity [14]. After impregnation, no new
peaks were obtained, and the resulting NZ and ANZ-Ni catalyst
diffractograms were similar, which indicated that the Ni metal
impregnated into zeolite framework did not substantially change
its original crystal structure and synthesis was successful.

Acidity: For all zeolites, the acidity test was conducted
using the ammonia adsorption gravimetric method. The acidity
test results showed an increase in acidity with an increase in
the Ni concentration. The 3% ANZ-Ni catalyst exhibited the
maximum total acidity of 3.70 mmol g-1 (Table-1). The acidity
level of 1% and 2% AZN-Ni catalysts was lower than that of
ANZ, because of the agglomeration of the nickel metal loaded
on natural zeolite, which led to the zeolite acid site blocking.
The acidity of zeolites was generated from silanol groups present
within the zeolite framework [15]. The total acidity increased

TABLE-1 
ACIDITY TEST FOR EACH CATALYST 

Sample Acidity 
NZ 2.98 

ANZ 3.54 
ANZ-Ni 1% 3.14 
ANZ-Ni 2% 3.52 
ANZ-Ni 3% 3.70 

 

because of nanopore dimension formation caused by nickel,
which increased the number of active silanol sites, thereby
increasing the number of Brønsted acid sites in the zeolite
materials [16].

The FTIR spectra of ANZs, NZs and Ni-impregnated (1%,
2% and 3%) zeolites acquired using NH3 adsorption gravi-
metric method, i.e., through interaction with NH3 (after acidity
test), revealed a new adsorption peak at 1404-1396 cm-1. This
adsorption peak corresponded to NH4

+ asymmetric stretching
vibrations [9]. No large difference between the amounts of
adsorbed NH3 in ANZs and Ni-impregnated zeolites was observed.

SEM studies: Fig. 3 presents the SEM results of ANZs,
NZs and Ni-impregnated (1%, 2%, and 3%) zeolites. The
natural zeolites catalysts contained non-uniform crystals while
the ANZ catalysts exhibited an impurity-free clean surface
and small uniform particles. The smaller was the size of particles,
the more effective was hydrocracking for liquid biogasoline
production. Zeolites impregnated with different concentrations
of nickel had smaller and more uniform crystalline shape than
ANZ had, which indicated the good dispersion of nickel
particles. This phenomenon resulted from agglomeration. The
presence of nickel led to stronger interactions that induced crystal
structure expansion [7]. The higher concentrations of nickel
led to more uniform size of catalyst particles. No large nickel
particles were observed on the catalyst surface, which indicated
that ANZ-Ni 3% catalyst was effective to be used as a zeolite
supporting material in hydrocracking for biogasoline production.
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Fig. 2. XRD patterns of (A) NZ (a), ANZ (b) and (B) ANZ (a), ANZ/Ni 1% (b), ANZ/Ni 2% (c), ANZ/Ni 3% (d)
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Fig. 3. SEM images of (a) NZ, (b) ANZ, (c) ANZ/Ni 1%, (d) ANZ/Ni 2% and (e) ANZ/Ni 3%

BET studies: Catalysts were characterized using BET to
determine their pore average size, specific surface area and
pore volume. The BET results (Table-2) indicated that the pore
size and specific surface area of ANZ catalysts were higher
than those of natural zeolite catalysts. This phenomenon was
caused by the activation treatment. Due to a high adsorption
capacity, the pore volume of catalysts decreased. With Ni (ANZ-
Ni 1%) impregnation, the catalyst surface area decreased, but
its pore volume and pore size increased. The surface area of
ANZ-Ni 2% increased and this catalyst exhibited the highest
pore volume and surface area. However, it had low pore radii.
ANZ-Ni 3% exhibited a relatively smaller pore volume and
surface area but had larger pores. This phenomenon was caused
by the restructuring of zeolites during calcination. Some Ni
atoms were adhered to pore walls, thereby rendering the pore
size smaller. When the total pore volume and pore size increased
and decreased, respectively, nickel adhered to the surface of
zeolites through aggregate formation, which led the surface
and pore volume to widen and increase, respectively [11,13].

TABLE-2 
SPECIFIC SURFACE AREA, AVERAGE PORE SIZE,  

AND TOTAL PORE VOLUME OF CATALYST 

Sample Specific surface 
area (m2/g) 

Average pore 
size (θ) 

Total pore 
volume (cc/g) 

NZ 14.9059 11.273 8.4018 
ANZ 93.6341 22.974 1.0756 

ANZ-Ni 1% 31.6221 45.374 7.1741 
ANZ-Ni 2% 56.9626 29.636 8.4407 
ANZ-Ni 3% 51.5128 32.175 8.2872 

 
For the used cooking oil, thermal hydrocracking provided

more conversion of liquid products than catalytic hydrocrac-
king (Table-3). During catalysis, nickel-impregnated zeolite
generated larger amounts of liquid products than NZ and ANZ

TABLE-3 
CONVERSION OF HYDROCRACKING  
PRODUCTS FROM EACH CATALYST 

Catalyst Liquid product conversion (%) 
Thermal 22.2 

NZ 13.31 
ANZ 12.50 

ANZ-Ni 1% 6.66 
ANZ-Ni 2% 13.98 
ANZ-Ni 3% 18.00 

 
catalysts did, and ANZ/Ni 3% catalyst was the optimum for
liquid product generation, which provided 18% yield, because
nickel served as the active site, Thus, it was relatively better to
catalyze hydrocracking reactions and the results optimal.
Furthermore, the high acidity value of ANZ/Ni 3% can increase
the number of active sites, thereby rendering the hydrocracking
of the used cooking oil conducted to produce biogasoline
optimal [2,17].

Conclusion

Nickel-impregnated zeolites were successfully synthesized
and applied to produce biogasoline through the hydrocracking
of the used cooking oil. The surface areas of the synthesized
catalysts are larger than those of natural zeolites (NZs). The
conversion of liquid products into biogasoline from the hydro-
cracking of the used cooking oil showed that ANZ/Ni 3% was
the catalyst providing the maximum amount of liquid product
of 18%.
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