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Abstract- This study has investigated the successful
synthesis of HZSM-5 zeolite. The synthesis was achieved
by maintaining the temperature at 176 °C for 48 hours
and performing an initial agitation for 5 h. Gel analysis
verified the Si/Al ratio, the surface areas of HZSM-5 and
M-HZSM-5, and the development of HZSM-5 and M-
HZSM-5 crystal phases during synthesis process.
Incipient wetness impregnation was used to make the M-
HZSM-5  zeolites. = Using  atomic  absorption
spectrophotometry (AAS), the Si/Al ratio was determined
to be in the range of 198 and 243. Brunauer-Emmett-
Teller (BET) study revealed that the surface areas of
HZSM-5 213.3524 m?/kg, Ni-HZSM-5 194.2372 m%kg,
Cu-HZSM-5 201.1762 m*/kg, and Zn-HZSM-5 192.9966
m?/g, respectively. The catalytic cracking of HZSM-5
was conducted in a fixed-bed microreactor. Subsequently,
the products conducted investigation to analysis using
GC-Flame Ionization Detector (GC-FID). The analysis
results revealed that the primary fraction obtained was
gasoline, by kerosene and diesel in descending order of
quantity. The catalytic cracking process of palm oil in
zeolite HZSM-5 instructs the formation of hydrocarbons
Cs-Cis.

Keywords: Catalytic Cracking, HZSM-5 Zeolite,
Impregnation, Palm Oil.
1. INTRODUCTION

The conversion of dense hydrocarbons on catalysts in
industrial settings is a multifaceted procedure where
reactions occurring within the zeolite and matrix take
place concurrently. Catalytic cracking processes have
been developed since the Second World War. Nowadays,
almost all materials produced are used in catalytic
processes. Moreover, it is challenging to distinguish
between thermal and catalytic cracking as they happen in
conjunction. Approximately 80% of chemical industries
rely on catalysts [1]. Catalysts can also be used to
produce a new source of energy by cracking vegetable oil
to yield petroleum-like fuels [2]. As the biggest palm oil
producer, Indonesia has the potential to lead in the
production of renewable fuels by catalyzing the cracking
of palm oil. Zeolite is aluminosilicate crystalline, which

is constructed from corner-sharing [SiO4] and [A;04]
tetrahedral. HZSM-5 is a zeolite widely used as an active
component in cracking catalysts. HZSM-5 has a Si/Al
ratio of 30-94 [3]. Some researchers synthesized catalytic
process, such as Liu, et al., [4] compared the performance
of nanoscale and microscale of HZSM-5, respectively.

Samples of zeolite were manufactured using a well-
established hydrothermal method with n-butylamine as
the starting material. After being washed three times in a
0.4 M-NH4NO;j solution, drying at 120 °C for 12 hours,
and calcining at 540 °C for three hours, the microscale
NaZSM-5 was ready for use [5]. As a result, there were
six times as many external acid sites per unit area in
nanoscale HZSM-5 (NH) than there were in microscale
HZSM-5 (MH). In contrast to microscale HZSM-5,
nanoscale HZSM-5 displayed a significantly higher
proportion of acidic on its surface, with percentages of
36% compared to 10%. In the measurements using
modified Hammett indicators, nanoscale HZSM-5
indicated a higher concentration of acidic, quantified at
0.55 mmol/g, in comparison to microscale HZSM-5,
which had a lower concentration of 0.3 mmol/g [6].

Yanan, et al.,, [7], conducted research on activity-
catalytic cracking from ZSM-5 and AI-MCM-41. Zeolite
HZSM-5 with a mole ratio of Si/Al 13 (HZSM-5/L), was
synthesized by mixing Solution A and Solution B. NaOH,
distilled water, TPAOH, and SiO, were dissolved to
create Solution A. NaOH, NaAlQ,, distilled water, and
Si02 were dissolved to make Solution B. After 1 hour of
constant stirring, solution A was added to solution B.
Molar composition led to the formation of the gel. The
following was varied and placed in a 120 mL. The
synthesis process involved the use of a Teflon-lined
stainless-steel autoclave, which was heated at 180 °C for
a duration of 17 days [8]. The composition of the
synthesis mixture was as follows: part of SiO,, 0.0075
parts of TPAOH (tetrapropylammonium hydroxide),
0.104 parts of NaO, 0.032 parts of ALOs;, and a
substantial amount of H>O, resulting in a solution with a
pH of 14.
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Recovering the final product (pH 12.5) required
filtration, multiple washes in deionized water, and drying
at 70 °C for 12 hours [9]. HZSM-5/H (Si/Al = 37) was
synthesized by mixing tetrapropylammonium bromide
(TPABr) + NH4F + distilled water + AlF3.3H,O + fumed
silica (Merck). Molar composition: homogenous gel A
mixture of Si0,:0.1 TPABr:0.56 + NH4F:0.065 + AIF3:8
H,O was heated in an oven at 200 °C for 48 hours in a
stainless-steel autoclave with a Teflon lining. After
crystallization, the pH settled at around 7. The end result
was filtered for recovery, rinsed many times in deionized
water, and dried at 70 °C for 24 hours [9, 10].

By synthesized AI-MCM-41 (Si/Al = 31) with fumed
silica being dissolved in NaOH and sodium aluminate,
and after mixing for 30 min, hex a decyl trimethyl
ammonium chloride (CTACI) was added to the resultant
solution. The result of ZSM-5/L is: micropore volume
0.14 cm?/g, the average size crystal 0.5 um, Na/Al = 0.5,
surface area 333 m*/g. ZSM-5/H: micropore volume 0.18
cm?®/g, average size crystal 20 pm, Na/Al 0.04, surface
area 400 m*g. AI-MCM-41: Na/Al= 0.55, surface area
992 m?g, volume of pore 0.97 cm’/g,and particle
diameters 3 nm [6-8]. HZSM-5 zeolite has a unique
characteristic; the pore size of hydrocarbon molecule C is
0.54x0.57 nm (3D-structure), and has organophilic
characteristics. Zeolite ZSM-5 is widely used for
hydrocarbon catalytic cracking. Due to its simple
microporous structure and extensive diffusion paths,
however, traditional ZSM-5 zeolite tends to lose its
activity quickly [11].

Various catalysts have been used in the cracking
process to obtain biofuel, among other things. And zeolite
of faujasite catalysts, the catalysts represent catalytic
cracking, which is initially used at the cracking process of
petroleum, then further developed at the cracking process
of vegetable oil. Some catalysts are also used in the
cracking process, including HZSM-5 and ultra stable Y
Zeolite (USY). From the third catalyst, HZSM-5 zeolite
(M-HZSM-5) was obtained with the biggest conversion
and yield. While according to the catalytic conversion of
palm oil base on a residue mixture of fatty acids by
catalyst ZSM-5 in a reactor fixed-bed at atmospheric
temperature resulted in a gasoline fraction of 44.4%
weight at the rate of feed of 3.66 h!' and temperature of
440 °C [12].

Zeolites have demonstrated significant promise for
utilization in catalytic cracking processes due to their
notable characteristics, including a high surface area,

substantial ~ adsorption  capacity, interconnecting
microporous channels, and exceptional thermal and
hydrothermal durability. Zeolites find extensive

application in separation and catalytic technologies,
especially within the hydrocarbon processing industry,
the adsorptive properties of zeolites are of great
significance. The phenomenon of adsorption of n-hexane,
n-pentane, and n-heptane on MFI-type uniform size is
being investigated, such as HZSM-5 has garnered
considerable interest from researchers due to the intricate
adsorption profiles observed within this system. Souza et
al., [13] conducted the investigated of selective cracking

of liquid hydrocarbon mixture condensed (natural
gasoline) utilizing zeolite of HZSM-5 as the catalyst.
Catalytic cracking processes using a fixed bed reactor
operate on flow rate and atmosphere. The HZSM-5
catalyst that was used in previous studies. The zeolite was
subjected to activation at a temperature of 450 °C for a
duration of 2 hours, flow rate range of 20 mL/min. The
objective of the study was to investigate the impact of
temperature and the ratio of catalyst to W/F on
conversion and cracking of catalytic. Temperature at 350-
450 °C and W/F 5-17 gewr h/mol. The result established
that maximum selectivity and mass product every hour
was obtained at a high temperature of 450 °C and a heavy
ratio of catalyst with flow rate (W/F) (7, 2, 8 gcar h/mol)
[14]. The highest level of selectivity for CsHs is achieved
at a temperature of 350 °C and a catalyst loading of 7.0
grams per mole of reactant. The best conditions to
produce maximum entirety are found 5.7 g/mol at 421 °C.
The mass product of butene taken a fancy at high
temperature of 450 °Cby W/F 12.1 g., h/mol, at a
relatively low temperature of 350 °C, the highest level of
selectivity was observed [15].

One alternative that can support the development of
new and renewable energy is biofuels. Biofuels derived
from biomass are still promising because they are
inexpensive, abundant, and can be replenished over time
[20]. Biofuels have advanced rapidly from the first to the
third generation. The first generation of biofuels,
produced by fermenting food ingredients such as sugar
and flour, is less attractive because of the high costs of
raw materials and the energy versus food issue. Among
various method of cracking processes (i.e., catalytic
cracking, thermal cracking, and hydrocracking), catalytic
cracking offers numerous advantages [11]. Catalytic
cracking is a conversion process that is applicable to a
broad spectrum of feedstocks, chemical process in which
intricate hydrocarbons are decomposed into less complex
molecules, and it falls within the scope of this study. The
fundamental principle underlying catalytic cracking has
similarities to thermal cracking, it distinguishes itself
through the utilization of a catalyst [1, 16]. It represents
one of several practical applications within refineries
where catalysts are employed to enhance both process
efficiency and the variety of products produced. From
these studies, the optimization of the process with a
primary focus on maximizing mass fractions. The
specific aim is to enhance the production of ethene,
propene, and butanes [5].

2. CATALYST PREPARATION

Preparations of the M-HZSM-5 were intended with a
Si/Al 94 ratio. Sodium silicate was used as a silica-
alumina, aluminosilicate zeolite (ZSM-5). In order to
achieve their aim, the experiments followed two
procedures in the literature for HZSM-5 zeolite
preparations: the first was US Patent No. 4.4891.199 in
1990, and the second was US Patent No. 4.341.748 in
1992. The process involved preparing a solution in a
glass beaker with the following composition of solution
A: Al,SO4.18H,0 + H,SO4 98%; H,0.
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Subsequently, another solution, referred to as solution
B, was prepared in a separate glass beaker with the
following composition: 12.3 grams of Alx(SO4)3.18H0,
30 grams of H,SO4 (98%), and 600 grams of H,O.
Solution B was then slowly added to Solution A, while
stirring continuously to ensure the formation of a
homogeneous mixture. This final mixture appeared as a
white gel. It was allowed to stand for 1 h to achieve a
smooth and uniform gel [1, 6, 17].

The gel with a SiO»/ALOs; ratio of 94 was
subsequently placed into an autoclave. It was heated to
176 °C under a pressure of 10 bar and stirred at 100 rpm
for a duration of 48 hours. Following this process, the
crystals that developed were isolated through a filtration
process, and the washing procedure entailed the use of
distilled water until the pH of the resulting filtrate
reached approximately pH 8. Following this, the obtained
crystals were dried in an oven at 110 °C for a duration of
24 hours. In Figure 1 illustrates the synthesis scheme for
the Na-Zeolite crystals obtained. The technique employed
in this study include X-ray diffraction (XRD), Brunauer-
Emmett Teller (BET) and absorption atomic spectroscopy
(AAS) studies. The XRD examination was employed to
ascertain the crystal structure and relative crystallinity of
the zeolite. XRD characterization was carried out using a
Phillips X-ray diffractometer. The initial 20 position was
set at 5.0084, and the final position at 59.9864, with
continuous scanning. The extension data of the specimen
was established at a value of 10.00 mm, while the

temperature at which the measurement was conducted
was —273.15 °C. Copper (Cu) was employed as the
anodized material, and the diffractometer model utilized
was XPert MPD.

2.1. H-Zeolite HZSM-5 Formation

Ion transfer of Na-Zeolite produced the H-Zeolite.
The procedures were started by dissolving Na-Zeolite in a
solution of ammonium chloride (NH4Cl) 1 M. The ratio
of Na-zeolite to ammonium chloride was interval of 1:10.
The operation process was reiterated three times. The
produced H-Zeolite was then filtered, cleaned, and dried
at 110 °C for 6 hours. H-Zeolite was then calcinated
under an N, atmosphere at a temperature of 550 °C for 5
hours [13].

2.2. Catalyst Impregnation

Catalyst impregnation followed the procedure
developed by Romero (1997). HZSM-5 was dissolved in
each metallic solution as follows: CuS04.5H,0,
NiSO4.7H>0, and ZnS0O4.7H,0. The mixture was kept at
25 °C. The solid material was subjected to a drying
process at a temperature of 110 °C for a duration of 14
hours. Then, the solid was dried at 110 °C for 14 hours
and calcinated at 500 °C for 4 h, then reduced with
hydrogen at 450 °Cfor 3 h. The HZSM-5 catalyst
obtained exhibits a powdery appearance, resembling a
white form. In Figure 1, the equipment scheme was
presented.

Solution B
ALSO_18H 0 @ N ®) ©
a-Zeolite
HZSO4 98%; HZO HZSM-5
Ion Exchange aging
12 h (3 times)
< Solution A < NH Cl 1M < C M;It.alz
Na-Silicate; HZO 4 (Cu, Ni, Zn)
v
. v
Solution Gel \ 4
white NHA—Zeollte Dried at 110 °C
aging process for 14 h
Template
< butanol
L 2 Y
Solution Gel Filtered, washfad, dried
pH 10-11 at 110 °C aging 24 h v
and calcinated at 800 °C ] B
aging 5 h R.edugtlon 450°C, 3 h
Calcination 500 °C, 4 h jam
A 4
Into reactor at
170 °C while 48 h.
aging 24 h
\ 4 \4
H-Zeolite

CU/Ni/Zn-HZSM-5

v
Na-Zeolite

Figure 1. Flow chart of catalyst synthesis procedure, a) Na-Zeolite catalyst, b) Distorting catalyst Na-Zeolite to H-Zeolite, ¢) Impregnation procedure
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2.3. Catalyst Cracking Process

The catalytic cracking processing, first, palm oil was
fed to the fixed-bed microreactor at atmospheric pressure
and heated temperature was set at 200 °C, pressure at 2
atm, and catalytic cracking was carried out for 120 min.
Approximately 1 gram of catalyst was also fed to the
reactor. Then, N, was flown to the reactor at a flow rate
ranging from 100 to 160 mL.min"!. GC-FID analysis was
engaged to conduct an analysis of the product, wherein
the technique was utilized to separate and examine
mixtures comprising volatile constituents, a PARAPLOT
QO4 column. Typically, a variety of amplification ranges
are offered, spanning from around 1 picoampere (p4) per
millivolt (mV) at the uppermost output sensitivity to
roughly 10 nanoampere (n4) per millivolt (mV) at the
lowermost output sensitivity.

The carrier gas used in this study was high-purity
hydrogen with a concentration of 99.995%. The flow rate
of hydrogen-air mixture ranged from 30 to 450 mL/min.
The visible scheme of catalytic cracking process was
carried out in Figure 2, the equipment scheme was

presented.
Motor J Feed line

.
Y e

Baffle

Reactor:

Temp: 200°C
Pressure: 2 atm

Agitator
Reaction time: 120 min

Mixed product

Figure 2. The illustration schematic of catalytic cracking process

A glass fixed-bed microreactor was used to process
the palm oil. The thermocouple controls the temperature
of the reactor. When the thermocouple reaches 200 °C, in
catalytic cracking process; once the desired synthesis
period has elapsed, the process is considered complete.
After undergoing synthesis, the biofuel was separated
into its light and heavy hydrocarbon components. To
assess the catalytic product, the volatile component was
calculated.

3. RESULTS AND DISCUSSION
The results of the experiments are outlined in this
section, which are broken down into various subheadings,
including the characteristics of Si/Al ratio, composition
of Ni, Cu and Zn in the catalysts, surface areas and pore
size of the catalysts (i.e., AAS, XRD, GC-MS and
Brunauer-Emmett-Teller (BET) method.

3.1. Catalyst Characterization

The efficiency and quality of product from palm oil +
HZSM-5 catalyst mixtures depend on surface areas and
pore sizes of the catalysts [18]. Catalytic cracking stands
as a fundamental process in numerous refineries,
responsible for generating high-octane gasoline, light
alkenes and aromatic middle distillates. This is achieved
by giving lighter fractions as compared to thermal
cracking. Hydrocarbon product can be controlled by
using catalysts [3, 4]. HZSM-5 is a catalyst that finds
widespread use as an active component in cracking
catalysts.

These characteristics make HZSM-5 a catalyst that
selectively forms hydrocarbons with a long-life catalyst,
demonstrating durability under high-temperature and
high-acidity conditions. In fact, ZSM-5 with different
shapes like hollow, composite, and nanosheet structures
can improve how well acid sites diffuse and how easy
they are to reach. This leads to high catalytic activity. The
results of the zeolite characterizations can be seen in
Tables 1 and 2 used method US Patent 4.4891.199, at a
Si/Al ratio of 198, various catalysts, including the
addition of metal catalysts, resulted in only slight
variations in the percentage of pore size and surface area
values. In this case, the highest pore size value for the
Ni/HZSM-5 catalyst exhibit observable activity with 5%
nickel content, measuring 13.584 A [18]. The highest
surface area, however, was achieved with the unmodified
HZSM-5 catalyst, measuring 149.9189 m?/g. While the
Si/Al ratio is 243, we see that the highest pore size value
was achieved with HZSM-5, measuring 13.255 A. The
highest surface area was associated with HZSM-5,
registering at 213.3524 m?/g. These results highlight the
effect of both composition of catalyst (Si/Al ratio) on
pore size and surface area characteristics. This is because
the material (palm oil) and HZSM-5 catalyst function as
absorbents, increasing selectivity and catalytic activity in
the direction of light alkenes. Through the adjustment of
HZSM-5 properties via the interaction of compounds, it
becomes possible to mitigate carbon deposit development
due to excessive reaction of reactants [19].

Table 1. Characteristics of HZSM-5 catalyst with Si/Al 198

Surface Area | Pore Size | Ni, Cu, Zn |Si/Al content

Catalyst (m*/kg) (&) (%) (m/m)
HZSM-5 198 0 13209 | 149.9189
Ni(/rzlizs%-s 198 4.98 13.584 | 149.9007
CIE/CIiZSSO}:/;_S 198 5 13249 | 145.2944
Z?g25§24)‘5 198 420 13390 | 142.5420

From Tables 1 and 2, the catalysts produced
according with the standard of catalyst used for cracking
size, which is a minimum of 8 A. The synthesized
catalysts surface areas are more than 100 m?/kg; thus, the
synthesized catalysts can be used in the cracking process
[20].
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Table 2. Characteristics of HZSM-5 catalyst with Si/Al 243

Catalyst Surface Area | Pore Size | Ni, Cu, Zn [Si/Al content
Y (m*/kg) A) (%) (m/m)

HZSM-5 243 0 13.255 213.3524
Ni/HZSM-5

(Ni 5%) 243 497 13.176 194.2372
Cu/HZSM-5

(Cu 5%) 243 4.98 13.249 | 201.1762
Zn/HZSM-5

Zn 5%) 243 4.92 13.962 | 192.9966

Absorption Atomic  Spectroscopy (AAS) was

employed to assess and determine the Si/Al ratio and the
Ni, Cu, and Zn compositions of the catalysts. BET
analysis was utilized to analyze the pore sizes and surface
areas of the catalysts. ZSM-5 zeolite works well in a
number of catalytic applications because it has good
qualities like a high Brunauer-Emmett-Teller (BET)
surface area, exceptional thermal and hydrothermal
stability, a large amount and high of acid sites, and a
distinctive channel structure [18]. Catalytic cracking of
hydrocarbons holds great importance in industrial
manufacturing. This process offers several advantages,
including high cracking conversion efficiency, a
propensity for selecting light alkenes, and reduced carbon
deposition compared to thermal cracking. Most of the
time, M-HZSM-5 is used for hydrocarbon -catalytic
cracking as a catalyst. This is due to its great thermal and
hydrothermal stability as well as its exceptional acidity
and porous structure [3, 21].

300
250
200

150

count

100

2 thetha

Figure 3. XRD pattern of HZSM-5 synthesize

Figure 3 shows that the XRD results indicate that the
catalysts formed an amorphous structure. It can also be
seen that there are intensities of HZSM-5. X-ray
diffraction (XRD) analysis serves the dual purpose of
identifying and quantitatively evaluating the crystal phase
of ZSM-5. The results of the XRD analysis are portrayed
in a diffractogram, which conveys information about the
solidity of the material by examining the sharpness and
location of distinct peaks. The information obtained
through X-ray diffraction (XRD) consists of X-ray
diffraction intensities paired with their corresponding 26
angles, which are pivotal in identifying the crystal
structure and composition of the materials being
analyzed. The XRD pattern formed a peak with
intensities at 20 = 21°, 23°, which confirms that HZSM-5
was formed [22].
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Figure 4. XRD pattern of Ni-HZSM-5 synthesize
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Figure 5. XRD pattern of Cu-HZSM-5 synthesize
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Figure 6. XRD pattern of Zn-HZSM-5 synthesize

Figures 4-6 show the XRD results indicate that the
catalysts formed an amorphous structure. It can also be
seen that there are intensities of Ni, Cu, and Zn in the
XRD spectra, which confirms that the active metals are
present in zeolite after the impregnation process. Ni, Cu,
and Zn, as transition metals, possess an unfilled d-
electron layer, a characteristic that facilitates the
establishment of covalent bonds between catalysts and
reactant molecules. This attribute contributes to excellent
catalytic activity. Moreover, it offers a significantly
higher cost-effectiveness in comparison to noble metals
[23].

Consequently, metal-based catalysts have found
commercial applications in various refinery processes,
including hydrogenation. Furthermore, the metal group
has demonstrated exceptional selectivity for monocyclic
aromatic hydrocarbons, making it valuable in specific
catalytic reactions where this selectivity is desired. The
discovery revealed that when the active metal group was
combined with HZSM-5, it produced a synergistic effect,
resulting in the enhanced catalytic cracking of biomass,
ultimately generating aromatic hydrocarbons at an
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accelerated rate. The XRD spectra show that the
identification characteristic of HZSM-5 is that there are
intensities at 260 = 29.05°, 47.8° and 56°, which confirms
that HZSM-5 was formed, influence the activity and
stability of the catalyst [18].

The crystallization of the synthesized ZSM-5 appears
to be quite successful, as indicated by the ZSM-5
diffractogram. The existence of well-defined peaks with
distinct separation in the diffractogram suggests that the
ZSM-5 crystals have formed well and exhibit a high
degree of crystallinity. This is a positive indication of the
quality and purity of the synthesized ZSM-5 material
[24]. This suggests that the incorporation of the metal-
based fraction onto HZSM-5 did not disrupt the
fundamental molecular sieve structure. The molecular
sieve's structure remained unchanged despite the
introduction of metals [20, 25].

3.2. Product Analysis of Catalytic Cracking Process

Figure 7 shows the influence of active metal
impregnation in the catalyst to surface area. Figure 7a
illustrates how different catalysts have a notable impact
on the surface area. Specifically, it shows that the specific
surface area of impregnation process Ni-HZSM-5 had the
highest initial value at 150 m?kg, which slightly
decreased to 145 m?kg for Zn-HZSM-5. These findings
suggest that the introduction of nickel did not damage the
structural integrity of the HZSM-5 carrier. Instead, the Ni
crystals formed upon loading and were deposited onto the
HZSM-5 structure [2, 26].

However, this deposition led to a partial closure of the
mesoporous structure within the catalyst. Those figures
show that the addition of an active metal to the catalyst
decreases the surface area but increases the active site of
the catalyst. Hence, incorporating an active metal could
potentially enhance both the yield and selectivity of the
cracking products. Figure 7b it was also state that the
specific surface area from impregnation process of
HZSM-5 had the highest initial value from 180-215
m*kg. The catalyst's extensive surface area plays a
crucial role in influencing the reaction rate. Impregnation
is typically characterized as the complete saturation of
specific materials; its goal is to occupy the catalyst pores
with active metal by submerging the catalyst in a solution
containing the metal [27].

Based on Figure 8, the results of the effect of catalysts
on pore size show that their size provides improved
access to the size, thereby enhancing the diffusion rate as
well as the overall catalytic performance. The average
pore sizes for the HZSM-5, Ni-HZSM-5, Cu-HZSM-5,
and Zn-HZSM-5 compositions were evaluated at 13.2 A,
13.62 A, 13.27 A, and 13.41 A, respectively. The HZSM-
5 catalyst's acidic properties make it effective as an
adsorbent. HZSM-5 possesses a diameter of
approximately 5 A and features a pore size measuring
0.54x0.56 nm. HZSM-5 with a size less than 2 nm falls
into the category of microporous materials, endowing it
with a substantial surface area [5, 6, 28].

152 ¢ (a)
150 |
148
146
144 |
142 |
140

Surface area (m?/kg)

HZSM-5 Ni-HZSM-5 Cu-HZSM-5 Zn-HZSM-5

kind of catalyst

215 (b)
210
205
200 +
195 |
190 |

Surface area (m?/kg)

180 1 1 1 ]
HZSM-5 Ni-HZSM-5 Cu-HZSM-5 Zn-HZSM-5

kind of catalyst

Figure 7. The effect type of catalysts to surface area; a) 138-152 m*/kg;
b) 180-215 m%kg

(a)

13 r

Pore size (Ao)

129

12.8
HZSM-5 Ni-HZSM-5 Cu-HZSM-5 Zn-HZSM-5

Kind of catalyst

137
13.6 (b)
135 ¢
134
133
132 ¢
13.1
13

Pore size (Ao)

HZSM-5 Ni-HZSM-5 Cu-HZSM-5 Zn-HZSM-5

kind of catalyst
Figure 8. The effect of catalysts to pore size a) 12.8-13.3 A; b) 13-13.7 A

The micro-sized variant of this catalyst is HZSM-5,
known for its high selectivity. To assess the surface
characteristics of the HZSM-5 catalyst impregnated with
iron (Fe), copper (Cu), and nickel (Ni) metals, a surface
analyzer was employed, utilizing the BET (Brunauer-
Emmett-Teller) method. The BET method offers insights
into a material's specific surface area, making it suitable
for estimating the average size of particulate solids. It
achieves this by measuring the pressure of nitrogen gas
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within the pores, which allows us to ascertain the
catalyst's pore size and, consequently, its surface area.
Catalytic activity, which depends on how reactants reach
the active sites on the catalyst, can be quantified in
relation to the total surface area [10, 29].

45
40 +
35
30
25 O Yield gasoline

B Sclectifity gasoline

Yield and Selectifity

HZSM-5

Ni-HZSM-5 Cu-HZSM-5 Zn-HZSM-5

Kind of catalyst

Figure 9. The effect of catalysts to yield and selectivity cracking product

According to Figure 9, the effectiveness of catalyst to
yield and selectivity of gasoline product. The liquid
product from the catalytic cracking process underwent
analysis using GC-MS. Following the procedures
outlined in US Patent 4.341.748, it was determined that
the primary fraction consisted of gasoline, followed by
kerosene and diesel as the subsequent fractions. Whereas
the catalytic cracking products obtained from the US
Patent 4.4891.199 method show that the dominant
product fraction contains mainly kerosene, followed by
diesel and a few gasolines [30]. The fractionation process
takes place when the stream of cracked hydrocarbons is
divided into separate fractions, each containing different
products. Introducing an active metal into the catalyst is
expected to enhance both the selectivity of the cracked
products and yield product. In the case of catalytic
cracking using zeolite HZSM-5, it was observed that the
process generated hydrocarbons ranging from Cs to Cig in
size. In cases of isomerization, domination-branched
hydrocarbons  arise. =~ Three  potential reactions-
polymerization, cyclization, and aromatization-occur
during the process, leading to catalyst deactivation.
Consequently, a regeneration procedure is necessitated.

4. CONCLUSIONS

This study examines an analysis of a biofuel product
through catalytic cracking of palm oil with the catalyst
HZSM-5. HZSM-5 has the capacity to be employed for
the conversion of gasoline, kerosene, and diesel fractions
through catalytic cracking, showcasing its commercial
potential, especially in the context of palm oil processing.
HZSM-5 could be synthesized to convert and degrade
palm oil into a fraction of a biofuel product. The products
produced were mainly kerosene, followed by diesel and a
few gasolines, respectively. Catalyst preparation is an
important step in utilizing the product. The impregnation
of an active metal into the catalyst decreases the area of
surface and simultaneously increasing its active site of
the catalyst.
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Furthermore, the synthesis process confirmed the
existence of HZSM-5 and M-HZSM-5 crystal phases,
with metal (M) represents the incorporation of metals
such as nickel (Ni), copper (Cu), and zinc (Zn). The
analysis encompassed measurements of the surface areas
of both HZSM-5 and M-HZSM-5, in addition to
determining the Si/Al ratio. The findings found that
gasoline made up the majority of the product, with
kerosene and diesel coming in second and third. Notably,
the catalytic cracking of palm oil utilizing zeolite HZSM-
5 yielded hydrocarbons within from Cs to Cig range. The
characteristics of the biofuels produced from this research
would depend on various factors, including the feedstock
(palm oil), the catalyst used (HZSM-5 and metal-
modified), and the specific conditions of the catalytic
cracking process. Which contained hydrocarbon
molecules such as gasoline, kerosene, and diesel. These
findings indicate that HZSM-5 could be an exceptionally
promising catalyst for converting complex hydrocarbon
molecules, offering a potential avenue for further
industrial applications.
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