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 Abstract: Research on the synthesis of mesoporous silica catalyst, as well as its activity 
and selectivity in the hydrocracking of used palm oil, has been carried out. The research 
involved the preparation of mesoporous silica catalyst by varying the volume ratio of 
TEOS:CTAB at 2:1, 4:1, and 8:1, then calcined at 500 °C. Synthesis success was confirmed 
by FTIR, XRD, SEM-EDX, GSA, and hydrocracking selectivity by GC-MS analysis. The 
results showed that the more TEOS added, the silica bond composition, crystallinity, pore 
size, and product selectivity increased. The best catalyst performance was obtained from 
a TEOS:CTAB ratio of 8:1 at a calcination temperature of 500 °C (MCT81-500), which 
indicated the presence of Si-OH and Si-O-Si groups with a Si percentage of 45.31%, pore 
size diameter of 31.912 nm, and a total pore volume of 0.040 cc/g. In addition, the 
application of MCT81-500 in the hydrocracking process of used palm oil can produce a 
bio-gasoline (C5-C12) and kerosene (C12-C15) of 92.24 and 7.76 wt.%, respectively. This 
study shows that mesoporous silica has good potential for catalytic activity to convert used 
cooking oil waste into an environmentally friendly energy source. 
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■ INTRODUCTION 

For several years, fossil fuels have been widely used 
in various aspects of life. However, this fuel is non-
renewable and will eventually run out. Various studies on 
alternative fuel sources to overcome the problem of fossil 
fuels have been carried out [1]. Biogasoline is like fossil 
fuels in terms of functionality and clean combustion [2-
3]. Used palm oil is an alternative source of biogasoline. 
Used palm oil is produced mostly by households, the food 
industry, and fast-food restaurants. Used palm oil consists 

of long hydrocarbon chains, such as fatty acids, 
triglycerides, and their derivatives which can be converted 
into biogasoline. Therefore, the hydrocracking process 
is very necessary for converting used palm oil into fuel 
[4-5]. 

Mesoporous silica nanoparticles have attracted 
attention in various applications such as separation [6], 
catalysis [7], chemical sensing [8], and biomedicine [9]. 
Mesoporous silica has been synthesized in many 
previous studies showing various shapes or 
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morphologies, including monoliths, spheres, rods, films, 
and fibers [10-18]. They display promising functions for 
catalytic, electronic, separation, electrochemical, and 
optical applications [19-20]. In addition, the development 
of nanostructured materials is increasingly attracting 
interest in various application fields, including catalysis 
and adsorption. Thermal and hydrothermal stabilities are 
also important parameters to be considered when 
designing materials for heterogeneous catalytic reaction 
applications. The type of heterogeneous catalyst currently 
being studied is a silica-based catalyst. This type of 
catalyst has some advantages, namely surface reactivity, 
good chemical and thermal resistance and acidity, which 
is easily modified by the hydrocracking process [21]. 

Hydrocracking is one of the important processes in 
petroleum processing. In the hydrocracking process, 
hydrocarbon compounds break down into small-chain 
hydrocarbons such as gasoline, diesel, and kerosene 
fractions [22-23]. Development with the addition of a 
catalyst can speed up the hydrocracking process. Based on 
previous studies, it is known that hydrocracking catalysts 
with mesoporous dimension silica can increase the liquid 
yield [24]. Silica-based catalysts have surface reactive 
properties, good thermal, chemical, and acid resistance, 
and are easy to modify [25]. The nature of the silica 
catalyst is determined by several synthesis parameters, 
such as calcination temperature, solution pH, method of 
preparation, and precursor concentration [26]. In 
addition, a modification that can be made to increase the 
reactivity of silica is by forming mesopores. A pore is 
considered a mesopore when it has a pore size of 2 to 
50 nm [27]. Mesoporous materials are very encouraging 
for hydrocracking processes due to their large surface 
area, thermal, chemical, and mechanical stability, regular 
pore distribution, and high adsorption capacity [24,28]. 
So, the development of mesoporous silica synthesis 
becomes important. 

Mesoporous silica synthesis requires a silica source 
and a template. The most used silica sources are tetraethyl 
orthosilicate (TEOS) or sodium silicate, while cationic 
organic compounds such as cetyltrimethylammonium 
bromide (CTAB) are used as molds [29-30]. The type of 
template and the ratio of precursors used determine the 

size and distribution of mesoporous silica materials 
[24,31] as catalysts for hydrocracking [32-36]. 
Therefore, this study observed the activity and selectivity 
of mesoporous silica catalysts for the hydrocracking 
process of used palm oil into biogasoline. The effect of 
TEOS:CTAB composition variations were observed by 
characterization with FTIR, XRD, SEM-EDX, GSA, and 
hydrocracking selectivity with GC-MS to obtain the 
optimum catalyst performance ratio. In addition, this 
research is also expected to be a solution to the potential 
use of used cooking oil that is not utilized as an 
environmentally friendly energy source. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study consisted of 
CTAB, TEOS, ammonium hydroxide (NH4OH), and 
sodium hydroxide (NaOH) obtained from E. Merck. 
Palm oil was purchased from a traditional market in 
Semarang, Central Java. Hydrogen and nitrogen gases 
were obtained from PT. Samator Gas (Semarang, 
Central Java). 

Instrumentation 

The equipment and instruments used in this study 
included laboratory glassware, magnetic stirrers, ovens 
(Kirin), filter paper (Whatman no. 42), Gas Sorption 
Analyzers (GSA, Quantachrome Nova 1200e), Scanning 
Electron Microscope (SEM, Phenom ProX G6 desktop), 
X-ray Diffractometer (XRD, X'Pert3 Powder), Fourier 
Transform Infra-Red Spectrometer (FTIR, PerkinElmer 
Spectrum 100), and Gas Chromatography-Mass 
Spectrometry (GC-MS, GC-2010 Shimadzu). 

Procedure 

Preparation 
An outline of the production scheme for 

mesoporous silica (MCT) as a catalyst for hydrocracking 
palm oil is shown in Fig. 1. Synthesis of mesoporous 
silica was performed by mixing 0.8018 g CTAB and 2, 4 
and 8 mL TEOS separately. Then, the synthesis results 
are labeled as MCT21-500, MCT41-500, and MCT81-
500. The mixture was stirred for 15 min. Then 5 mL of 
2 M NaOH solution was added dropwise and continued  
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Fig 1. Schematic illustration for the synthesis of MCT catalyst for hydrocracking palm oil 

 
with stirring for 3 h at 80 °C. The solids obtained were 
filtered and washed with distilled water at neutral pH 
conditions. After that, drying was done at 150 °C for 2 h 
and followed by grinding and sifting at a size of 200 mesh. 
The final step was the calcination process in an open 
stainless reactor at 500 °C for 4 h in an inert N2 
atmosphere at 2 °C/min and then let it cool down to reach 
room temperature. 

Characterization 
The synthesis success of the mesoporous silica 

catalyst was analyzed by FTIR to confirm the functional 
groups, and the diffraction patterns were measured using 
the X'Pert3 Powder XRD in continuous scanning mode 
with a scan range of 1–10° and a scanning interval of 0.02°. 
In addition, morphology and pore size observations were 
carried out by using SEM and gas sorption analyzers while 
GC-MS was used to determine the effectiveness and 
composition of hydrocracking products. 

Catalytic activity 
The catalyst activity was observed in the 

hydrocracking process of used palm oil samples in a flex-
bed microreactor system, as shown in Fig. 2. The catalyst 
was fed into the microreactor system with a weight ratio 
of catalyst/used palm oil of 1:100 (w/w). The used oil sample 

 
Fig 2. Schematic of a hydrocracking microreactor 

was put into the chamber feed and then heated until it 
evaporated. Simultaneously, the catalyst reactor was 
heated at 500 °C. Then H2 gas was flowed into the feed 
chamber at a speed of 20 mL/min. Oil vapor entered the 
catalyst reactor containing mesoporous silica catalyst 
(MCT21-500, MCT41-500, and MCT81-500), and a 
hydrocracking reaction occurred. Furthermore, the 
product was cooled in a cool trap and collected in a 
container. Finally, the products obtained were analyzed 
using GC-MS. The chromatogram showed the relative 
percentage for each compound contained in the liquid 
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product. The selectivity of the catalyst in the 
hydrocracking reaction was measured from the peak area 
of the GC-MS chromatogram of each fraction. The 
conversion of feed to yield was calculated by using the 
following equations [32]: 

LP

F

W
Liquid yield(wt.%) 100%

W
   

 R UC FC

F

W W W
Solid yield(wt.%) 100%

W
 

   

Gas product(wt.%) 100% wt.%(liquid solid)    

x y

Selectivity  of  liquid yield
% area GCMS fraction C C

                       100%
% total area GCMS


 

 

where, WLP: weight of liquid product, WF: weight of feed, 
WR: weight of residue, WFC: weight of fresh catalyst, and 
WUC: weight of used catalyst 

■ RESULTS AND DISCUSSION 

The results of the infrared analysis of mesoporous 
silica material (MCT81-500) are shown in the spectra of 
Fig. 3. This analysis was carried out to determine the 
absorption resulted by the synthesized mesoporous silica 
and to observe changes in absorption after the adsorption 
of ammonia by mesoporous silica catalysts with a volume 
ratio of TEOS:CTAB = 8:1. Fig. 3(a) shows the initial 
spectra consisting of absorption of functional groups 
from Si–O–Si bending vibrations, symmetric Si–O–Si 
stretching vibrations, Si–OH stretching vibrations, 
asymmetric Si–O–Si stretching vibrations, H–O–H 
bending vibrations, Brønsted acid sites, and O–H 
stretching vibrations were observed to occur at 
wavenumbers 455, 794–802, 956–964, 1082–1087, 1635–
1640 and 3465–3434 cm−1, respectively. Then in Fig. 3(b) 
a new absorption peak appears at 1388 cm−1, which shows 
an ammonia adsorption vibration band indicating the 
presence of Lewis acid and a combination of all acid sites. 
Ammonia is adsorbed on top of the sample at Lewis acid 
sites forming ammonium ions in the silica structure. The 
results of this study indicate that the adsorption of 
ammonia by MCT81-500 was carried out successfully 
through the acidic active site. 

MCT catalyst crystallinity was analyzed by XRD to 
produce a diffractogram as shown in Fig. 4. The analysis 

was carried out at 2θ = 2–15° with MCT samples of 
CTAB:TEOS variations (2:1; 4:1; and 8:1). The 
diffractograms of all samples after calcination showed 
indexable peaks at 100, at angles 2θ 2.61°, 3.02°, and 2.67° 
for MCT21-500, MCT41-500, and MCT81-500 
materials, respectively. 

The results showed that the CTAB:TEOS ratio 
variation produced a different crystallinity from the 
MCT81-500 sample, which resulted the highest 
crystallinity degree. Peak intensity increases with 
increasing silica content or TEOS/matrix ratio. The results 
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Fig 3. FTIR spectra of MCT81-500: (a) before and (b) 
after adsorption of ammonia 
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Fig 4. XRD patterns of the mesoporous silica materials: 
(a) MCT21-500, (b) MCT41-500, and (c) MCT81-500 
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Fig 5. SEM images of (a) MCT21-500, (b) MCT41-500, and (c) MCT81-500 

 
reflect that the composition of the precursor and 
surfactant significantly affects the morphology and 
crystallinity of the resulting mesoporous silica. These 
results also show whether the addition of a suitable matrix 
can improve the intensity of silica crystallinity based on 
SEM analysis. 

Characterization of the catalyst morphology to 
determine the surface topography was carried out by SEM 
while the elemental composition on the surface of the 
catalyst was carried out by EDX. The SEM results in Fig. 
5 illustrate that the variations in the TEOS:CTAB ratio 
affect many properties, such as pore size, surface area, and 
morphology. SEM images of the samples also show non-
uniform particle sizes. This shows that CTAB as a 
mesoporous matrix agent has a wide range of molecular 
weight distribution. As shown in Fig. 5(a), (b), and (c), the 
surface morphology of the silica samples tends to be 
round and most of the particles tend to form bonds or 
large spherical particle pieces which are commonly 
known as clustering. 

The results of the EDX analysis showed that the 
elemental content in Table 1 concluded that higher 
crystallinity was associated with an increase in silicate 
content. These results also conclude that higher 
crystallinity is consistent with higher silica 

concentrations. Where in this result, the highest 
crystallinity structure was obtained from the synthesis of 
hierarchical mesoporous silica with a ratio of 8:1. 

In the EDX analysis, the elements silica (Si), 
oxygen (O), carbon (C), and nitrogen (N) appear. 
Specifically, O and Si elements show the formation of 
silanol (Si–OH) and siloxane (Si–O–Si) groups. in 
addition, the appearance of certain carbon content in the 
MCT81-500 material confirms the XRD peak 
(2θ = 2.61°) shown in Fig. 4. 

Analysis of catalyst properties such as average 
diameter, pore distribution, total pore volume, and 
specific surface area was carried out by GSA. The results 
of the porous properties of the mesoporous silica catalyst 
are presented in Table 2. 

The GSA analysis showed that the largest average 
pore radius was obtained with the MCT81-500 sample. 
This indicates that a larger radius of porous silica can be 

Table 1. Elemental analysis results measured using EDX 

Sample 
Content (%) 

Si O N C 
MCT21-500 27.50 64.24 8.26 - 
MCT41-500 35.76 55.83 8.41 - 
MCT81-500 45.31 41.11 6.02 7.75 

Table 2. Pore properties of the mesoporous silica catalysts 

Sample Specific surface area 
(m2/g) 

Total pore volume 
(cc/g) 

Average pore diameter 
(nm) 

MCT21-500 324.254 0.109 31.484 
MCT41-500 382.514 0.199 31.892 
MCT81-500 292.294 0.040 31.912 
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achieved by adding a minimal proportion of CTAB, 
especially in TEOS (silicon) precursors with a mold ratio 
of 8:1. However, other parameters such as specific surface 
area and total pore volume of MCT81-500 catalyst were 
the lowest. The increase and decrease in surface area are 
followed by the pore diameter. The pore diameter shows 
the highest pore distribution. The increased pore size does 
not slow down the process of diffusion of triglycerides 
into the catalyst. This ensures an optimal cracking process. 

The adsorption isotherm of mesoporous silica is 
shown in Fig. 6. The isotherm pattern of mesoporous 
silica follows the type IV adsorption pattern. The type IV 
isotherm diagram shows four types of hysteresis loops 
which describe the mesoporous character of the intrinsic 
pore dimensions of the material [37-38]. To see the pore 
state more accurately, it is necessary to analyze the pore 
distribution curve in the material. The pore radius 
distribution data is shown in Fig. 7. The data shows the 
pore distribution according to mesoporous materials 
which have a sensitivity range of 2 to 50 nm. 

The catalytic activity of MCT21-500, MCT41-500, 
and MCT81-500 was observed in the hydrocracking 
process of used palm oil. The product composition was 
analyzed by GC-MS to obtain a chromatogram like the 
example shown in Fig. 8. Fig. 8 shows the chromatogram 
of hydrocracking products with MCT81-500 catalyst, 
which produces different peaks according to their 
respective retention times.  Hydrocracking products are 
differentiated  due to  differences in  boiling  points  based 
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Fig 6. Adsorption-desorption isotherm curves of the 
mesoporous silica materials 
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Fig 7. Pore radius size distribution of the mesoporous 
silica materials 

 
Fig 8. GC-MS chromatogram of hydrocracking product with MCT81-500 
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on differences in the content of carbon chains, as 
summarized in Table 3. 

GC-MS data  for liquid  products  from  the cracking  

process are divided into several fractions, including 
biogasoline (C5-C12), kerosene (C12-C15), diesel (C16-C18), 
and wax fractions (> C18). The percentage of each product 

Table 3. Chemical composition of hydrocracking product with MCT81-500 
Chemical compound Fraction R. Time Area (%) Height (%) A/H 
n-Heptane C7 1.41 0.66 1.20 0.71 
1-n-Heptene C7 1.46 0.99 1.50 0.85 
n-Octane C8 1.54 6.37 9.89 0.84 
1-Octene (CAS) Caprylene C8 1.64 7.50 11.18 0.87 
2-Octene, (Z)- (CAS) (Z)-2-Octene C8 1.68 2.41 2.96 1.06 
2-Octene (CAS) Oct-2-ene C8 1.72 1.34 1.50 1.15 
n-Nonane C9 1.80 12.01 15.44 1.01 
3-Propylcyclopentene,  C5 1.88 0.50 0.25 2.61 
(Z)-Cycloheptene C7 1.92 0.38 0.43 1.16 
n-Non-1-ene C9 1.99 13.40 14.74 1.18 
2-Nonene C9 2.07 1.92 1.86 1.34 
Propylcyclohexane C6 2.24 1.61 0.98 2.14 
1-Ethylcyclohexene C6 2.28 1.13 0.86 1.69 
Decane C10 2.33 4.98 5.49 1.18 
7-Methyl-bicyclo[2,2,1]heptane C8 2.37 0.80 0.66 1.57 
9,12,15-Octadecatrienal C20 2.40 0.28 0.28 1.31 
Bis(cyclopent-2-enyl) C11 2.47 0.68 0.63 1.40 
3,10-Dioxa-tricyclo C12 2.49 0.44 0.44 1.31 
trans-1-Ethenyl-2-methylcyclohexane C6 2.53 0.28 0.20 1.82 
Cyclopentane C5 2.59 0.95 0.53 2.32 
1-Decene C10 2.71 10.16 7.91 1.66 
Cyclooctene C8 2.75 10.14 8.52 1.54 
cis-3-Decene C10 2.86 2.04 1.87 1.42 
Pentalene C8 2.97 2.49 1.46 2.22 
4,5-Nonadiene C9 3.07 0.63 0.27 3.02 
n-Butylcyclohexane C6 3.16 0.79 0.37 2.77 
Hexanal C6 3.21 0.77 0.37 2.71 
Undecane C11 3.37 1.77 1.31 1.75 
Cyclodecene C10 3.44 0.43 0.26 2.16 
4-Cyclopropylcyclohexene C9 3.47 0.47 0.32 1.88 
6-Methyl-bicyclo[4.2.0]octan-7-ol C9 3.59 1.10 0.55 2.58 
Ethylbenzene C6 3.90 0.79 0.26 3.93 
1-Dodecene C12 4.12 3.48 2.19 2.06 
2-Undecene C11 4.42 2.69 1.40 2.50 
1-Butylcyclohexane C6 4.57 0.67 0.35 2.48 
1-Undecene C11 4.68 1.16 0.69 2.20 
1,2-Dimethylbenzene, (CAS) o-Xylene C6 5.14 0.55 0.29 2.45 
Propylbenzene (CAS) n-Propylbenzene C6 5.77 0.27 0.14 2.39 
3-Methylcyclohex-3-en-1-one C7 12.23 0.57 0.25 2.93 
Pentadecane C15 17.69 0.18 0.08 2.86 
Benzaldehyde C7 18.18 0.24 0.12 2.49 
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fraction is calculated from the resulting peak area to 
obtain the data summarized in Fig. 9. 

Based on Fig. 9, the percentage of the product 
fraction from the thermal and hydrocracking processes 
with a catalyst shows significantly different results. The 
thermal cracking performed showed that the biogasoline 
and kerosene fractions obtained were relatively low. On 
the other hand, the selectivity of catalysts MCT21-500, 
MCT41-500, and MCT81-500 in hydrocracking palm oil 
resulted in a dominant gasoline fraction of 76.81, 83.54, 
and 92.24 wt.%, respectively. This is indicated that 
mesoporous silica catalysts can capture the free fatty acid 
(FFA) as well as it can make cracking into shorter 
hydrocarbons, as shown in Fig. 10. Based on GC-MS 
analysis, the resulting molecules are hydrocarbons and 
oxygenated compounds containing fatty acids and 
alcohols. This fact confirms that the mechanism of the 
cracking reaction of palm oil includes the hydrogenation 
of triglycerides into fatty acids, hydrogenation of fatty 
acids into aldehydes and alcohols, and deoxygenation of 
fatty acids through decarbonylation, decarboxylation, and 
hydrodeoxygenation reactions [35,39-40]. 

Hydrocarbon molecules can be formed directly  
 

from fatty acids through decarboxylation by releasing 
carbon dioxide molecules (CO2) to produce alkanes 
(saturated hydrocarbons) and decarbonylation by 
releasing carbon monoxide (CO) and water (H2O) to 
produce alkenes (unsaturated hydrocarbons). Both of 
these reactions mostly occur in Lewis acid sites [41], 
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Fig 10. Mechanism of hydrocracking of palm oil with MCT catalyst 
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with the hydrocarbons formed being C15 (kerosene group) 
and C17 (diesel group). 

On the other hand, hydrocarbons below C15 and 
oxygenated compounds are formed by hydrocracking 
reactions with the hydrogenation of hydrogen gas 
activated by Lewis acid sites [42]. The reactions mostly 
take place at Brønsted acid sites. In this study, this 
hydrogenation mechanism dominates the reaction as 
evidenced by the GC-MS results produced in Fig. 8. It is 
suggested that alcohol molecules are formed through the 
hydrogenation of fatty acids into aldehydes and then 
converted into alcohols through further hydrogenation of 
aldehydes. In addition, the hydrogenation reaction is 
more detailed theoretically, as shown in Fig. 11 [43]. In 
heterogeneous catalysts, the hydrogen forms surface 
hydrides (M–H) from which the hydrogen can be 
transferred to the chemically adsorbed substrate. H2 
undergoes heterolytic association to form H+H− [44]. In 
heterogeneous catalysts, hydrogen forms surface hydrides 
(M-H) from which hydrogens can be transferred to the 
chemisorbed substrate. Hydrogen gas is activated by 
Lewis acid sites to produce alkanes (or hydrogen) and 
carbenium ions n-CiH2i [42]. While Bronsted acid plays a 
role in cracking carbon chains so that a reaction 
mechanism occurs, forming the hydrocarbons below C15 
and oxygenated compounds by hydrocracking reactions, 
protonated to the secondary alkyl carbenium ions (n-
CiH2i+1

+) [43]. The mesoporous silica catalyst protonates 
the alkane chains to produce a transition state of 

carbonium ions which collapse to give alkanes (or 
hydrogen) and the carbenium ions n-CiH2i dissociate 
from the Lewis acid site and diffuse to the Brønsted acid 
site where they are protonated into secondary alkyl 
carbenium ions, n-CiH2i+1

+. Carbenium ion is a reactive 
intermediate that can undergo several conversions, such 
as rearrangement of the framework and breaking of the 
C-C bond. The β-scission fragment is a smaller alkyl 
carbenium ion and an alkene. In the case of β-slicing n-
CiH2i+1

+, a primary carbenium ion is formed, which is 
energetically unfavorable. Therefore, the n-alkyl 
carbenium ion undergoes an exclusively skeletal 
rearrangement, in which a single branched alkyl 
carbenium ion, iso-CiH2i+1

+, is formed. If there is an 
efficient desorption mechanism from the acid site, 
single-branched alkenes, iso-CiH2i, are released and 
diffuse to the Lewis acid site where they are 
hydrogenated to become single-branched alkanes, iso-
CiH2i+2. These are prime products that are observed with 
low conversions [43]. 

Thus, the type of catalyst in the hydrocracking of 
used palm oil can affect the selectivity of liquid products 
to the gasoline fraction that is produced. The results 
showed that the use of mesoporous silica in the catalytic 
activity test increased the amount of product from the 
gasoline fraction (C5-C12). The percentage of product 
using mesoporous silica catalyst MCT81-500 showed an 
increase in the product of the gasoline fraction 
associated with an increase in crystallinity and a decrease  

 
Fig 11. Mechanism of hydrogenation reaction on hydrocracking by MCT catalyst 
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in matrix content in the synthesis of this material. Based 
on this description, MCT81-500 with an H2 gas flow rate 
of 20 mL/min, a catalyst/feed ratio of 1:100, and a time of 
1 h was found to be the most optimal to produce the best 
gasoline fraction. MCT81-500 material has been 
successfully used as a catalyst for the process of 
hydrocracking palm oil into biogasoline. 

The concentration of TEOS used affects the amount 
of silica yield obtained. The greater the amount of TEOS 
used, the greater the silica product obtained. This result is 
in accordance with reference [45], where TEOS 
concentration strongly influences the formation of a 
mesoporous material network. A higher amount of TEOS 
showed an irregular mesostructured, while a lower 
amount was insufficient to form a mesoporous structure 
[46]. The particle size increased with an increasing 
number of TEOS. Table 2 shows an increase in the pore 
diameter of the MCT81-500 sample, thereby increasing 
the availability of the active surface, allowing an increase 
in the ability of mesoporous silica for hydrocracking used 
palm oil into the biogasoline. This is shown by the catalyst 
with a larger average pore diameter in Table 2, which has 
a higher absorbed volume intensity in Fig. 6. This results 
in an increasing number of active catalyst surface sites 
that play a role in the hydrogenation process in 
hydrocracking. The more hydrogenation processes in 
hydrocracking that occur, as shown in Fig. 10 and 11, the 
more gasoline products will be produced compared to 
other products. This is because of the reasons explained 
in the reaction mechanism that products with molecules 
below C15, especially gasoline and oxygenated 
compounds, are formed more in the hydrogenation 
process through the Lewis acid site and Bronsted acid site. 
In addition, the larger pore volume does not impede the 
diffusion process, so the hydrogenation reaction runs 
faster. Thus, the gasoline product will be dominant with a 
large porous catalyst and more surface-active sites in the 
hydrogenation reaction. 

In addition, by looking at the hydrocracking 
mechanism involving Lewis acid sites and Brønsted acid 
sites on the catalyst, further studies related to acidity and 
the effect of pH on the optimal performance of 
hydrocracking reactions become important parameter 

studies. Higher catalyst acidity will show better potential 
for use as a catalyst that requires an acidic site, such as 
hydrocracking [35]. The presence of H+ will help the 
process of protonation of n-alkanes to become the 
secondary alkyl carbenium ions (n-CiH2i+1

+) so that more 
product conversions can be produced. 

■ CONCLUSION 

Synthesis of mesoporous silica catalyst and its 
activity and selectivity in the hydrocracking of used palm 
oil has been carried out. The use of CTAB as a matrix in 
the production of mesoporous silica has been 
successfully achieved, as evidenced by the crystallinity, 
and increase in the pore size distribution of silica in the 
meso dimension. This study showed that the highest 
selectivity for the biogasoline fraction (92.24 wt.%) was 
produced by the MCT81-500 catalyst at an H2 gas flow 
rate of 20 mL/min with a catalyst/feed ratio of 1:100 
(w/w) for 1 h. Material MCT81-500 was successfully 
used as a catalyst in the process of hydrocracking palm 
oil into hydrocarbons (biogasoline). 
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