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Abstract
Research on mesoporous silica synthesis using CTAB template as well as its activity and selectivity in the
hydrocracking of used palm oil has been conducted. This research was initiated with the synthesis of
mesoporous silica material by varying the TEOS to CTAB ratios at 2:1, 4:1, and 8:1, later calcined at
varying temperatures of 300, 350, and 400 oC. The products were characterized by XRD, SEM-EDX, and
GSA. The hydrocracking was performed with a feed ratio of 1:100 and H2 gas �ow rate of 20 mL/min for
1 hour. The results showed that the highest activity of mesoporous silica was found in the TEOS:CTAB
ratio of 8:1 and calcination temperature of 500 oC. The mesoporous silica produced had higher
crystallinity, higher percentages of Si, and larger pore size. The catalyst activity test showed that the
application of mesoporous silica increased the amount of biogasoline fraction (C5-C12) produced at the
optimum temperature condition of 350°C using the MCT81-500 catalyst.

1. Introduction
Mesoporous silica nanoparticle has attracted increasing attention for their various applications in things
such as separations [1], catalysis [2, 3], chemical sensing [4], and biomedicine [5–7]. Mesoporous silica
exhibiting different forms or morphologies, including sphere, �lm, monolith, rod, �ber, have been
synthesized in many earlier studies [8–17]. They are particularly important as they feature promising
functions for catalyst, separation, electronic, optical, and electrochemical applications [18–22]. The
development of nanostructured materials has become a growing fascination in recent years in their
various �elds of application, including catalysis and adsorption. Thermal and hydrothermal stability are
important parameters that must be taken into account when designing the right material for the
application of heterogeneous catalytic chemical reactions. The type of heterogeneous catalyst currently
under study is the silica-based catalyst. This type of catalyst has several superior properties such as high
thermal and chemical resistance, reactive surface and easily modi�ed acidity [23–24].

The nature of the silica is primarily determined by the parameters of the synthesis process, such as pH,
calcination temperature, and manufacturing process [25–26]. On the other hand, the reactivity of the
silica used in hydrocracking is mostly still too low and must be increased. One modi�cation that can be
created in this matter is to form meso-sized pores within the silica structure. Pores are deemed meso-
sized when they have pore sizes of 2 to 50 nm [27]. Materials with mesoporous size are promising for
hydrocracking processes because of their large surface area, thermal, chemical and mechanical stability,
regular pore distribution, and high adsorption capacity [28–29]. The manufacturing process of
mesoporous silica normally involves an approach that uses a mold for pore formation. The type of
template and the ratio of precursors being used are decisive of the sizes, and distributions in the
materials made [30–31]. The present study addresses the use of the CTAB template and analyzes the
properties of the mesoporous silica resulting from the use of this template. This study also presents the
analysis of its activity and selectivity in the hydrocracking of used palm oil.
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2. Materials And Methods

2.1. Materials
Tetraethyl orthosilicate/TEOS, NaOH, NH4OH were purchased from E. Merck. Nitrogen and hydrogen
gases from PT. Samator Gas (Semarang, Central Java). Palm oil was obtained from a traditional market
in Semarang, Central Java.

2.2. Methods

2.2.1. Preparation
The hierarchical mesoporous silica synthesis was carried out by mixing 0.8018 gram of CTAB (template)
and 4 ml; 2 mL and 1 mL of TEOS. The mixtures were stirred for 15 minutes, and each was added with 5
ml of a 2M NaOH solution, dropwise, followed by another stirring for 3 hours at 80°C. The solid obtained
was �ltered and washed with distilled water at a neutral pH. The drying process was carried out at a
temperature of 150°C for 2 hours and continued re�ning and sieving at 200 mesh. The 4 ml, 2 mL, and 1
mL TEOS product variations were labeled MCT41-500; MCT21-500, and MCT11-500. The last step of the
synthesis was the calcination process of each sample at 500°C for 4 hours.

2.2.2. Characterization
Scanning electron microscope (SEM) images were taken using with a Phenom proX G6 desktop SEM.
The X-ray diffraction (XRD) pattern of the mesoporous silica was measured using a X'Pert3 Powder X-ray
Diffractometer from Malvern Panalytical in continuous scan mode with a scan range of 1–10° and a
scan-interval of 0.02°. Other analyses involved FT-IR (PerkinElmer Spectrum 100), Gas sorption analyzers
(GSA-Quantachrome Nova 1200e), and Gas Chromatography-Mass Spectrometry (GC-MS GC-2010
Shimadzu).

2.2.3. Catalytic Activity
The palm oil hydrocracking process using the mesoporous silica catalyst produced was carried out with 3
temperature variations, namely 300, 350, and 400°C and H2 gas �ow rate of 20 ml/minute for 1 hour.

3. Results And Discussion
The infrared spectra of the silica mesoporous material (MCT81-500) are presented in Fig. 1. The values
of the wavenumber that appeared were 470, 794–802, 956–964, 1095–1103, 1635, and 3448–3464 cm-

1, each one displayed the absorption of the bending vibrations of Si-O-Si, symmetric Si-O-Si stretching
vibrations, Si-OH stretching vibrations, asymmetric Si-O-Si stretching vibrations, H-O-H bending vibrations
and O-H stretching vibrations. However, this characterization was not su�cient to illustrate the
crystallinity of the material. The vibration bands of ammonia adsorption that appear in the IR region of
1387.82 cm-1 was indicative of Lewis acid. The IR bands at 1450–1455cm-1 are characteristic of the
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Lewis acid sites, and 1490 cm-1 indicated the combined presence of all acid sites. There was an absence
of a band at 1450–1455 cm-1

, which is characteristic of Lewis acid, though peaks at 1640 and 1540 cm-1

were observed corresponding to Broønsted acid sites. The peaks that emerged in the wavenumbers of
3465.53 cm-1 or 3434.02 cm-1 identi�ed the -OH band stretching vibration of water molecules. This
analysis was done to perceive the absorptions produced by the mesoporous silica synthesized and
remark the changes in the absorptions due to the use of CTAB. Figure 1 presents the spectra of the
sample made. 

XRD characterization was performed to determine the crystallinity of the catalyst. The diffractograms of
the catalyst materials are displayed at 2θ = 2–15°. 

The diffractograms of the hierarchical mesoporous silica materials with various TEOS and CTMA ratios
are shown in Fig. 2. Based on intensities, the diffractograms above showed that the MCT81-500 or 8:1
sample produced the highest degree of crystallinity. The diffractogram of all the samples after
calcination showed a peak indexable at (100), at 2θ angles of 2.61°; 3.02° and 2.67° for the MCT21-500,
MCT41-500 and MCT81-500 samples, respectively. The intensity of the peaks increased with increasing
silica content or TEOS/matrix ratio. These results re�ected that precursor and surfactant compositions
signi�cantly affect the morphology and crystallinity of the mesoporous silica produced. These results
also indicate whether the addition of the appropriate matrix can increase the intensity of the silica
crystallinity based on the SEM analysis.

SEM characterization was performed to determine the topography of the surface and the morphology of
the catalyst, while the EDX characterization was used to determine the composition of the elements on
the surface of the catalyst. The SEM images are shown in Fig. 3. 

The SEM images illustrated that the mesoporous silica had different crystallinities depending on the ratio
of TEOS to the template. The results showed that the hierarchical mesoporous silica synthesis with the
8:1 ratio had a structure with the highest crystallinity. The results of the elemental analysis with EDX in
Table 1 inferred that higher crystallinity corresponded to increased silicate content.

Table 1
Results of element analysis with EDX

Sample Content (%)  

Si O N C

MCT81-500 45.31 41.11 6.02 7.75

MCT41-500 35.76 55.83 8.41 -

MCT21-500 27.50 64.24 8.26 -

Based on the SEM images, differences in surface morphologies and crystallinities were not uniform
(heterogeneous). Variations in the TEOS/template ratio would affect many properties such as surface
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area, pore size, and morphology. Furthermore, as can be seen from Fig. 3 (a), (b), and (c), the surface
morphologies of the silica samples tended to be round, whereby most particles tended to form bonds or
pieces of large round particles commonly called agglomeration. The SEM results also inferred that higher
crystallinity is coherent with a higher concentration of silica. In the EDX analysis, the presence of
elements of carbon (C), oxygen (O), Nitrogen (N), and silica (Si) was indicated. Speci�cally, the Si and O
indicated the formation of siloxane (Si-O-Si) and silanol (Si-OH) groups in addition to the appearance of a
special carbon content in the SCM81-500 material presented by the XRD peak (2  = 2.61°) shown in
Fig. 2. GSA characterization was performed to determine the speci�c surface area, total pore volume,
average diameter, and pore distribution of the catalysts. The speci�c surface area, the average pore
diameter and the total pore volume of the catalysts are listed in Table 2.

Table 2
Pore properties of the mesoporous silica catalysts

Sample Speci�c Surface Area

(m2g− 1)

Total Pore Volume

(cc g− 1)

Average Pore Diameter (nm)

MCT81-500 292.294 0.040 31.912

MCT41-500 382.514 0.199 31.892

MCT21-500 324.254 0.109 31.484

The results of the GSA analysis showed that the MCT81-500 sample had a higher average pore radius
than the other samples. This showed that the addition of smaller CTAB proportion, particularly at a ratio
of 8:1 of TEOS precursor (silicon) to the template, can manifest larger-radius porous silica. Though, other
parameters such as the total pore volume and the speci�c surface area of the MCT81-500 catalyst were
lower. The isothermal curves of the samples are shown in Fig. 4.

From Fig. 5, the materials were shown to had had type IV adsorption isotherms. According to Sing et al.
(1985), type IV isothermal pattern has four types of hysteresis loops that indicate the mesoporous
character of the pore dimensions intrinsic to a material. To perceive the state of the pores more detail, it
was necessary to analyze the distribution curves of the pores in the materials. Data in regards to pore
radius distributions are shown in Fig. 5. The data displayed similar pore distributions and a mesoporous
sensitivity range (2–50 nm) of the materials.

According to GCMS analysis of the liquid products from the hydrocracking process, the major products
that materialized from the cracking process were gasoline(C5-C15), diesel (C16-C18), and wax (> C18)
fractions. The analysis of the compositions of the products from different cracking processes is
presented in Fig. 6 below. 

The thermal cracking performed showed that the gasoline fraction obtained was relatively low. The
percentage of products with the use of the mesoporous silica catalyst at 350°C showed an increase in
gasoline fraction products inherent with increasing crystallinity and a decrease in the number of matrices
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in the synthesis of these materials. The results of this study indicated that the use of MCT81-500 catalyst
with a catalyst/feed ratio of 1: 100, H2 gas �ow of 20 ml/min, and a hydrocracking duration of 1 hour
comprise the optimal conditions to produce the best gasoline fraction.

4. Conclusion
The use of CTAB as a matrix in the manufacture of mesoporous silica has been successfully carried out,
as evidenced by the crystallinity and the increased size distribution of the silica pores in the meso
dimension. The best performing mesoporous silica was the MCT81-500 catalyst with a TEOS: matrix
ratio of 8:1. The catalyst activity test showed that the use of mesoporous silica increased the amount of
gasoline fraction product (C5-C12).
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Figure 1

FTIR Spectra of MCT81-500: (a) Before (b) After adsorption ammonia
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Figure 2

XRD patterns of the mesoporous silica materials

Figure 3
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SEM images of (a) MCT21-500 (b) MCT41-500 (c) MCT81-500

Figure 4

Adsorption isotherm curves the mesoporous silica materials
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Figure 5

Pore radius size distribution of the mesoporous silica materials
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Figure 6

Product fraction percentages produced from the hydrocracking process using various catalysts


