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Abstract

Palm oil mill effluent (POME) is a liquid waste from the processing of crude palm oil (CPO) which has not been utilized
optimally. Oil extraction from POME resulted in an oil yield of 9923 mg/L. The residual oil from POME can be converted
into fuel through catalytic hydrocracking with heterogeneous catalysts such as zeolite. The natural zeolite catalyst used in this
research is Sarulla natural zeolite (SNZ) from North Sumatera, Indonesia. SNZ was activated with mineral acids and then
loaded with PbO and ZnO metal oxides. The surface morphology of the catalysts was quite homogeneous with fine particle
sizes of 1-2 um. The surface areas of PbO/SNZ and ZnO/SNZ catalysts were 81.9 and 58.5 m%g, with pore diameters of 3.09
and 3.58 nm, respectively. The obtained biofuel has a conversion to the liquid product of 40-44% obtained from POME
catalyzed with a mass catalyst of 0.15 wt.%. The liquid product catalyzed by PbO/SNZ was more selective towards the
gasoline fraction with a selectivity of 22-30%. Meanwhile, ZnO/SNZ 0.15 wt.% catalyzed produced more kerosene fraction
with the highest selectivity of 52%. The highest HHV of biofuel (44.2 MJ/kg) was obtained from the liquid product catalyzed

by ZnO/SNZ 0.12 wt.%.
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1. Introduction
Production of crude palm oil (CPO) in Indonesia

is the largest in the world. In 2021, it was reported
that Indonesia produced CPO reaching 46 million
tons and is expected to continue to increase in 2022
to reach 49 million tons (Gapki, 2021). The increase
in CPO production is directly proportional to the
waste produced, including empty fruit bunches, fibre,
shells, ash, and liquid waste called Palm oil mill
effluent (POME) [1-5]. In 2012 there were 60-83
million tons of liquid waste then this number
increased by 85-110 million tons until 2020 [6]. To
increasing the value of this liquid waste, many
studies have been carried out on the use of POME in
various fields, including as a medium for microalgae
growth [7,8] because it has high levels of COD and
BOD, besides that POME can be applied as a source

of biogas [9], as well as liquid fuel [10]. Moreover,
POME waste can be a potential source of raw
materials for biofuel production because it contains
oil ranging from 4000-8000 mg/L [11-14]. The
potential of this POME waste has not been widely
used at this time as an alternative fuel source, even
though the residual content of this vegetable oil can
be converted into environmentally friendly fuel
through the hydrocraking process.

Several studies have carried out the process of
hydrocracking vegetable oil into fuel [15-18]. These
results indicate that the main content of triglycerides
and fatty acids can be converted into biofuels, both
gasoline, kerosene,
hydrocracking a catalyst is needed to speed up the
reaction. Several types of catalysts have been used
for the production of biofuels from vegetable oils,

and diesel fractions. In
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including Alumina [19,20], clay [21,22], and zeolite
[23,24]. However, until now, zeolites are the most
important catalysts in the petrochemical industry
because of their excellent chemical properties,
namely acidity, good thermal stability at high
temperatures and having large pores that allow the
reactants to access the surface [25]. In addition, to
improve the catalytic performance of the catalyst,
the zeolite material can be combined with transition
metal oxide (TMO) such as PbO and ZnO. The use
of TMO has been widely developed because of its
good catalytic activity and low price which can
reduce production costs [26]. Hasanudin et al. [27]
have carried out an esterification reaction of free
fatty acids (FFA) from POME samples using a
sulfonated carbon-zeolite = composite catalyst,
producing FAME products of 93.75%. Another
study by Muanruksa et al. [28] have converted
POME into biofuel through enzymatic hydrolysis
and decarboxylation resulted in the refined-biofuel
yield (94%) and the biojet selectivity (57.44%). But
so far, the use of natural zeolite as a catalyst to
convert palm oil liquid waste as fuel is still limited,
even though the availability of natural zeolite is
very abundant, especially in Indonesia. Thus,
POME processing and the use of natural zeolite
from Sarulla village are expected to increase the
economic value of fuel that can be used by the
community and industry.

In this study, the conversion process of POME
waste into liquid fuel is carried out through a
catalytic hydrocracking process in a fixed bed system
reactor using a natural zeolite Sarulla catalyst sourced
from North Sumatera, Indonesia. This zeolite was
treated with transition metal oxides ZnO and PbO to
increase the total conversion and product selectivity
towards the biofuel fraction.

2. Experimental
Palm oil mill effluent (POME) was obtained

from the PTKI Medan mini palm oil mill. Distilled
water, double distilled water (DDW), natural zeolite
from Sarulla (North Sumatera, Indonesia).
Zn(NO;),.4H,0 (p.a), Pb(NOs;),. (p.a), HCl, HNO;,
H,SO4, H;PO4 (p.a), n-hexane, methanol (p.a),
NaOH (p.a.) from Merck (Darmstadt, Germany).
Hydrogen, oxygen and nitrogen gases from PT.
Aneka Gas (Medan, Indonesia).

2.1 Palm Oil Mill Effluent Preparation
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POME is heated at 105 °C to evaporate the
water, then filtered to separate the mixed solids.
Phosphatides, proteins and resins are separated by
degumming, namely by adding a solution of
phosphoric acid (H;PO4 0.6%), as much as 1-3% of
the volume of palm oil liquid waste.

The oil-fat extraction process was carried out
using n-hexane as solvent. The ratio of n-
hexane:POME is 1:0.8. The mixture was then
sonicated for 5 min and transferred to a separatory
funnel, allowed to separate into two layers for 15
min. The top layer was evaporated to obtain a thick
oil extract from POME. The viscous extract
obtained was heated at 105 °C for 45 minutes to
remove the remaining solvent. After drying, the oil
is placed in a desiccator, and the oil recovery is
calculated using equation (1).

. Weight Dry Oil Content (mg)x 1000
Yield (mg/L) = Yelght Dy (me)
Sample Volume (L)

(H

2.2 Preparation and Activation of Sarulla Natural
Zeolite

The preparation and activation of natural zeolite
in this study followed the procedure reported by
Sihombing et al. [15]. At the initial stage, natural
zeolite was crushed and sieved to obtain zeolite with
a size that passes through a 100 mesh sieve. The
natural zeolite was then washed by immersion in
distilled water for 24 h at room temperature, then
filtered and dried at 100 °C. The zeolite was then
activated using 3M HCI at 90 °C for 30 min. The
sample was filtered, the precipitate was washed
using distilled water until the pH was neutral, the
precipitate was filtered and then dried at 120 °C for
3 h. The sample was calcined at 500 °C with N, gas
flow to obtain acid activated Sarulla natural zeolite
(SNZ).

2.3 Preparation of ZnO/SNZ and PbO/SNZ Catalysts

TMO loaded on natural zeolite Sarulla was
carried out following the procedure reported by
Pulungan et al. [26] with the wet impregnation
method followed by the oxidation process. In the
initial stage, an amount of Zn(NO;),.4H,0 dissolved
in DDW then added SNZ in a certain ratio, put into a
three-neck flask and heated at 90 °C for 4 h. The
mixture was dried at 130 °C, followed by a
calcination process at 500 °C for 1 h with N, gas
flow, then oxidized at the same temperature with gas
O, for 1 h to obtain a ZnO/SNZ catalyst. The same
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steps were carried out for the preparation of
PbO/SNZ catalysts.

2.4 Catalyst Characterization

The crystallinity properties of the catalyst are
analyzed by X-Ray Diffractometer (XRD Shimadzu
6100) Cu Ko, (A = 1.54184) radiation at 40kV and 30
mA in the area 20= 7.00-70.00°. The catalyst's
surface morphology, elemental analysis, and mapping
are analyzed using a Zeiss EPOMH 10Zss SEM
equipped with  Energy  Dispersion X-Ray
Spectroscopy (EDX). The nitrogen gas adsorption-
desorption isotherm analysis is carried out with the
Gas Sorption  Analyzer (NOVA 1200e)
Quantachrome instrument at 77 K. The specific
surface area is analyzed by the Brunauer-Emmett-
Teller (BET) method. Meanwhile, the volume and
pore diameter is based on the Barrett-Joyner-Halenda
(BJH) model.

2.5 Hydrocracking Process

The hydrocracking process is carried out using a
fixed bed system reactor. The reactor where the
reaction takes place has a diameter of 5.5 cm with a
height of 25 cm, a catalyst vessel with a diameter of
4.8 cm and a height of 3.5 cm, while the furnace has
a diameter of 40 cm and a height of 39 cm.

Oil extracted from POME and catalyst with
masses of 0.09, 0.12, and 0.15 wt.% were heated at
500 °C in a heating flask which had been set with
temperature control for 2 h. The oil vapor that has
been cracked by the catalyst is then cooled, so that
the steam is condensed. The reaction was stopped
when the composition of the oil in the heating flask
was exhausted or no longer emitted liquid vapor. The
condensed liquid is then accommodated for analysis
using Gas Chromatography Mass Spectrophotometry
(GC-MS) to determine the carbon chain and the type
of biofuel produced. To determine the higher heating
value (HHV) of the fuel, an analysis was carried out
using a Bomb Calorimeter.

3. Results and Discussion
3.1 Palm Oil Mill Effluent Preparation

Oil extraction was carried out according to the
gravimetric method (APHA standard 5520 B). The
technique of separating constituents based on their
relative solubility is known as solvent extraction. N-
hexane is used as an organic solvent because it has
the highest oil extraction efficiency and is widely
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used in the vegetable oil sector [29]. The extracted
residual oil yield was 9923 mg/L.

The oil extracted from POME was analyzed
using Gas Chromotography (GC), this analysis aims
to determine the compounds contained in the oil
extraction sample from POME. GC analysis data of

oil extract from POME are summarized in Table 1.
Table 1
Fatty acid components contained in the oil extracted from POME

Fatty acid name Component (%)
Caprylic acid (C8) 0.16
Capric acid 0.17
Lauric acid 2.47
Myristic acid 1.7
Pentadecyclic acid 0.04
Palmitic acid 39.57
Marcaric acid 0.08
Stearic acid 4.67
Oleic acid 38.45
Linoleic acid 10.82
Linolenic acid 0.22
Arachidic acid 0.34
Behenic acid 0.04

The results of the analysis showed that POME oil
extract contained various types of fatty acids. The
main fatty acids contained include lauric acid (C12)
2.47%, myristic acid (C14) 1.7%, palmitic acid (C16)
39.57%, stearic acid (C18) 4.67%, oleic acid
(C18:1C-1) 38.45 %, and linoleic acid (C18:2C)
10.82 %.

3.2 Analysis of Catalyst Crystallinity

The crystallinity analysis of the catalyst was
carried out with an XRD instrument. XRD is an
analytical technique used to identify phases and
characterize crystalline materials based on their
diffraction patterns. The results of XRD analysis of
samples from PbO/SNZ, and ZnO/SNZ catalysts can
be seen in Figure 1.
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Figure 1: XRD diffractogram of PbO/SNZ and ZnO/SNZ catalysts
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Based on the diffractogram above, peak
characteristics for natural zeolite are observed in the
range of 20 = 9-30°. In both diffractogram patterns,
several peaks appearing at 9.9°, 13.6°, 19.6, 22.4°,
25.6°, and 27.7° are characteristic of mordenite
(JCPDS file 5-0490). Meanwhile, the peaks observed
at 11.2° 17.3°, 26.3°, and 30.0° fit with the
corresponding data of clinoptilolite (JCPDS file 25—
1349) [30]. This proves that the types of minerals
contained in the natural zeolite used are mordenite
and clinoptilolite. In addition, typical peaks for TMO
were also observed. PbO appears at 20 = 37.2° and
50.8° (JCPDS No. 76-1796) [31]. While ZnO appears
at 20 = 31.4° and 48.3° (JCPDS File 89-0510). The
characteristic peaks that appear on the diffractograms
of both catalysts generally show the same diffraction
pattern. This indicates that the treatment of zeolite
bearing with metal oxides does not damage the
crystal structure of the zeolite and still shows good
crystallinity.

3.3 Analysis of Catalyst Surface Morphology

The surface morphology of the catalyst was
analyzed using SEM with a magnification of 3000
times (Figure 2). Based on the morphological
imaging of the catalyst in Figure 2, the ZnO/SNZ
catalyst showed a more homogeneous surface with a
relatively smaller particle size than PbO/SNZ
catalysts. On the other hand, the PbO/SNZ catalyst
showed a larger particle size due to agglomeration.
This may occur due to metal agglomeration attached
to the zeolite surface making the particles form
larger aggregates. This is also supported by the
particle size distribution analysis carried out on both
catalysts. ZnO/SNZ catalyst shows a narrower and
more homogeneous particle distribution in the 1-2
um range, while the PbO/SNZ catalyst has a wider
dominant particle size in the 1-3 um range.

Figure 2: Surface morphology and particle size distribution of (a)
PbO/SNZ and (b) ZnO/SNZ catalysts
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3.4 Catalyst Composition

The components contained in the catalyst were
analyzed by EDX and summarized in Table 2. Based
on previous research by Gea et al. [21] SNZ contains
Si, Al and O as the main composition of the zeolite
framework. Pb and Zn metals which were not found
in SNZ were detected in PbO/SNZ and ZnO/SNZ
catalysts of 2.57 and 2.36%, respectively. Moreover,
the Si/Al molar ratio increased in PbO/SNZ and
ZnO/SNZ catalysts compared to SNZ. The ratio of Si
and Al content can affect the characteristics of the
catalyst. Catalysts with a greater Si/Al ratio have
higher thermal stability [32,33]. As a result, these
catalysts are able to maintain their structure at high
reaction temperatures. Sequentially the ratio of Si/Al
catalyst from the highest is ZnO/SNZ > PbO/SNZ >
SNZ.

Table 2
Composition and Si/Al ratio of PbO/SNZ and ZnO/SNZ catalyst
Composition (Mass %) SNZ* PbO/SNZ ZnO/SNZ

Si 15.7 20.2 26.0
(6] 61.6 46.9 52.0
Al 5.64 6.78 8.32
Pb 0.00 2.57 0.00
Zn 0.00 0.00 2.36
Si/Al 2.68 2.86 3.00

*Gea et al. [21]

The distribution of the elements in the zeolite
can be identified by SEM-Mapping imaging as
shown in Figure 3. Each element is represented by a
specific color. The darker the color, the more the
element is distributed on the surface of the zeolite
[34]. This is in accordance with the catalyst
composition data by EDX analysis where the larger
composition of Si (red) and Al (blue) looks more
concentrated, while Pb and Zn metals are
represented by a green color which is not too
dominant because of their little concentrations.

-z
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AK| s 10 pm
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Figure 3: Elemental mapping of (a) PbO/SNZ and (b) ZnO/SNZ
catalysts
3.5 Surface Area and Pore Characteristics of

Catalyst

The pore characteristics of the material can be
estimated by observing the graphic form of the N,
gas adsorption-desorption isotherm. The graph of the
isotherm for each catalyst can be seen in Figure 4.
The presence of a hysteresis loop at a relative
pressure of 0.4-0.9 characterizes the type IV isotherm
graph based on the ITUPAC classification which
indicates the presence of mesopores with a pore size
of 2-50 nm [35].
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Figure 4: Graph of N, gas adsorption-desorption isotherm on
PbO/SNZ and ZnO/SNZ catalysts
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The surface area of the catalyst was analyzed using
the Brunauer, Emmett and Teller (BET) method.
Meanwhile, the pore diameter and total pore volume
were analyzed from the adsorption band using the
Barrett, Joyner and Halenda (BJH) method. Data on
the surface area and pore characteristics of each
catalyst are summarized in Table 3. Referring to the
study by Gea et al. [21], in this study, there was a
change in the surface area, pore volume and pore
diameter of the catalyst after being loaded with metal
oxide compared to the initial characteristics of the
SNZ catalyst. Based on Table 3, PbO/SNZ catalyst
has a surface area of 81.9 m%g, which is larger than
the surface area of the ZnO/SNZ and SNZ catalyst. In
addition, the pore volume of the PbO/SNZ catalyst is
also larger (0.167 cc/g) compared to ZnO/SNZ and
SNZ, which are only 0.147 cc/g and 0.150 cc/g,
respectively. However, for the pore size, the
ZnO/SNZ catalyst has a wider pore diameter of 3.58
nm, while the pore diameters of PbO/SNZ and SNZ
are 3.09 nm and 3.44 nm, respectively. This data is
also in accordance with the pore size distribution
graph in Figure 5 which shows both catalysts have a
pore diameter size that is dominated in the range of
20-40 A (2-4 nm). From these data, it can be assumed
that ZnO/SNZ has wide but shallow pores, while
PbO/SNZ has narrow but deeper pores [34]. The
larger surface area can increase the catalytic activity
of the catalyst for the reaction on the external surface
area. The larger the surface area, the easier the
adsorption process to the active site of the catalyst
will be. On the other hand, a larger pore diameter is
also able to improve the performance of the catalyst
in absorbing bulk molecules for further reaction
[36,37].

Table 3
Surface area, pore volume, and pore diameter of the catalysts

Catalyst Surface area  Pore volume  Pore diameter
(m’/g) (cc/g) (nm)
SNZ* 59.6 0.150 3.44
PbO/SNZ 81.9 0.167 3.09
ZnO/SNZ 58.5 0.147 3.58

Gea et al. [21]



352 Saragih et.al.

0,0025
. —=—PbO/SNZ
iy —e—Zn0O/SNZ

0,0020 -

&b 0,0015

<
“

2

= 0,0010 4

>

=

0,0005 -

T T T
20 40 60 80 100 120 140
Pore Radius (A)

Figure 5: Pore size distribution of PbO/SNZ and ZnO/SNZ
catalysts

3.6 Hydrocracking of POME

The activity test of each catalyst was carried out
on the POME hydrocracking reaction. This process
is carried out using a fixed bed system reactor with
H, gas flow at a temperature of 500 °C. Based on
the characterization carried out, including Si/Al
ratio, surface area, and pore characteristics, it was
observed that the metal oxide-loaded zeolite had
better characteristics than the basic zeolite without
metal oxide. Therefore, the activity test was only
carried out using PbO/SNZ and ZnO/SNZ catalysts.
The catalyst mass was varied at 0.09, 0.12, and 0.15
wt.%. The resulting products are grouped into
liquid, gas, coke, and heavy oil residues. The
distribution of POME hydrocracking products
catalyzed by each catalyst is shown in Figure 6.
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Figure 6: Distribution of POME hydrocracking products using (a)
PbO/SNZ and (b) ZnO/SNZ catalysts with the catalyst mass of
0.09,0.12, and 0.15 wt.%

Based on the product distribution data in Figure
6, the yield of liquid and gas products produced
from hydrocracking POME using both catalysts
with various ratios shows a fairly similar trend. The
difference in yield produced in this case is related to
the amount of catalyst used to add active sites that
play a role during the hydrocracking process
[38,39]. In general, the most liquid product of 40-
44% is obtained from POME catalyzed by both
catalysts with a mass of 0.15 wt.%. Meanwhile, the
highest product gas produced was 56-59% at a
catalyst mass of 0.12 wt.%. These results indicates
that the amount of catalyst used has an effect on the
resulting liquid and gas products. When the catalyst
used was only 0.09 wt.%, there was still a lot of
residue left unconverted, and the amount of this
residue gradually decreased with the increase in the
amount of catalyst used. These results indicate that
the catalyst mass of 0.09 wt.% is not enough to
convert all the reactants. Although the product is
desorbed from the active site, the amount of
reactants that is very large compared to the amount
of catalyst can interfere with the absorption process
on the active site of the catalyst.

On the other hand, the number of active sites to
assist the catalytic process also has an impact on the
formation of coke [40]. The ZnO/SNZ catalyst
showed the most coke formation at a mass of 0.12
wt.%. These results indicate the tendency of the
catalyst to produce better products but is
accompanied by the formation of coke on the
catalyst. This assumption is correlated with pore size
data which shows that the pore diameter of the



BIOFUEL PRODUCTION FROM PALM OIL MILL EFFLUENT THROUGH HYDROCRACKING... 353

ZnO/SNZ catalyst is the largest, therefore the
catalytic process for bulk molecules can be
facilitated. Coke is
hydrocarbons through polymerization and
aromatization reactions which produce a fairly high
coke yield [41]. On the other hand, in the PbO/SNZ
catalyst, the gas product is significantly correlated
with a narrower pore size, thus tending to convert
smaller molecules.

formed from aromatic

3.7 Selectivity of Biofuel Fraction

The hydrocracking process using metal oxides
catalyst embedded in active natural zeolite is
expected to cut heavy molecular compounds
contained in oil extracted from POME into lighter
biofuel molecules. The liquid products produced
during this catalytic process are classified into
several fuel fractions, including gasoline (C5-C11),
kerosene (C12-C15), and diesel fractions (C14-
C20). The selectivity of liquid products in the fuel

fraction is shown in Figure 7.
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Figure 7: Selectivity of liquid products to gasoline, kerosene,
and diesel fractions using (a) PbO/SNZ and (b) ZnO/SNZ
catalysts with the catalyst mass of 0.09, 0.12, and 0.15 wt.%
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Based on the previous data in Table 1, extracted
oil from POME content is dominated by the diesel
(C16-C20). After undergoing the
hydrocracking process, large molecules break up

fraction

into smaller molecules which result in a significant
increase in the content of gasoline and kerosene
fractions. On the other hand, the content of heavy
oil and diesel fractions was drastically reduced.
PbO/SNZ catalyst showed better selectivity for
lighter fuel fractions. The liquid product catalyzed
by PbO/SNZ was more selective towards the
gasoline fraction with selectivity of 22-30%.
Meanwhile, the ZnO/SNZ catalyst produced more
kerosene fraction with the highest selectivity of 52%
at a mass of 0.15 wt.%.

Based on the report of Hasanudin et al.[42], the
hydrocracking reaction of oil begins with the
breakdown of glycerol ester bonds from fatty acids
into free fatty acids. Kerosene is produced when
hydrogenation takes place. Simultaneously, the
decarboxylation reaction is initiated by the adsorption
of fatty acids on the catalyst surface, which is
achieved through the adsorption of oxygen atoms
with the carboxyl groups of the fatty acids. As a
result, the kerosene fraction is produced in high
quantities. Further hydrocracking of kerosene
hydrocarbons, will produce a gasoline fraction.
However, in the case of ZnO/SNZ catalyst, the
relatively large amount of kerosene production is not
balanced enough with further conversion to gasoline
fraction due to the ease with which this catalyst is
deactivated due to coke formation. The proposed
reaction mechanism for hydrocracking of the highest
fatty acid components (palmitic acid and linoleic
acid) is shown in Figure 8.

Based on Figure 8, at the initial stage, the
linoleic acid contained in the feed will undergo a
hydrogenation reaction. This reaction results in the
addition of hydrogen (H2) where H" will attack the
C=C bond present in the linoleic acid compound to
form oleic acid. The oleic acid then undergoes
further hydrogenation to form stearic acid [43,44].
Stearic acid and palmitic acid, which are saturated
chains, experience hydrodeoxygenation which
releases their hydroxyl groups as water molecules to
form aldehydes (octadecanal and hexadecanal).
These aldehydes will be converted to form alcohol
compounds through dehydrogenation which will
then undergo dehydration to form
compounds (octadecene and hexadecene) [45]. The

alkene
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resulting alkene will undergo another hydrogenation
reaction to produce an alkane. Finally, these alkane
compounds can be broken down into lighter alkane
fractions, such as Undecane and Heptane [46]. The
most dominant alkane product produced according
to GC-MS data is Heptadecane, which goes through
decarboxylation and decarbonylation pathways.
These results prove that the decarboxylation and
decarbonylation pathways are the preferred
pathways for the fatty acid cracking process from
POME residues.

The ability of a catalyst to catalyze a reaction is
related to the characteristics of the material. The
superiority of the ZnO/SNZ catalyst is supported by
its flat morphology with homogeneous particles, as
well as its fairly large pore diameter. These material
properties encourage the absorption of bulk
molecules with a larger size to experience chain
breakage during the hydrocracking reaction. This has
an impact on increasing the conversion rate of heavy
molecules into light fractions. Meanwhile, the
advantages of PbO/SNZ catalysts is supported by its
large surface area to bind reactant molecules on the
catalyst surface during the catalytic reaction. In
addition, it is also correlated with mapping imaging
data which shows the presence of Pb elements widely
scattered on the surface of the zeolite, which can add
to the active sites involved during the reaction on the
catalyst surface. The active site that adsorbs hydrogen
atoms from H, gas is then transferred into the
compound to be broken down and will eventually be
replaced with hydrocarbon molecules through a
cracking reaction catalyzed by the Bronsted acid site
on the catalyst. Therefore, the more availability
active site, the more effective the hydrocracking
reaction.

3.8 Calorific Value of Biofuel Products

The higher heating value (HHV) of the liquid
product resulting from the hydrocracking catalytic
reaction was further analyzed using a bomb
calorimeter. The data obtained are summarized in
Table 4.

Table 4
The calorific value of liquid products
Sample HHV MJ/kg)
Oil extracted from POME 39.4
PbO/SNZ 0.09 wt.% 43.5
PbO/SNZ 0.12 wt.% 423
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PbO/SNZ 0.15 wt.% 43.6
ZnO/SNZ 0.09 wt.% 433
ZnO/SNZ 0.12 wt.% 442
ZnO/SNZ 0.15 wt. % 439

Based on the data in Table 4, there was an
increase in HHV after the hydrocracking process.
The increase that occurs varies between 7-12% of
the initial HHV value of oil extracted from POME.
The highest biofuel calorific value of 44.2 MJ/kg
was obtained from the liquid product catalyzed by
ZnO/SNZ 0.12 wt.%, while the lowest was 42.3
MIJ/kg catalyzed by PbO/SNZ 0.12 wt.%.

4. Conclusion
The conversion of residual oil from POME into

biofuel has been carried out through the hydrocracking
method using a fixed bed reactor system. The obtained
biofuels have the highest conversion rate to liquid
products of 40-44% obtained from POME catalyzed by
all catalysts with a catalyst mass of 0.15 wt.%.
Meanwhile, the maximum amount of gas produced is
56-59% at a catalyst mass of 0.12 wt.%. The liquid
product catalyzed by PbO/SNZ was more selective
towards the gasoline fraction with selectivity of 22-
30%. Meanwhile, 0.15 wt% ZnO/SNZ catalyst
produced more kerosene fraction with the highest
selectivity of 52%. The activity of PbO/SNZ catalyst is
supported by its large surface area to bind reaction
molecules to the catalyst during the catalytic reaction.
Meanwhile, the activity of ZnO/SNZ catalyst is
supported by its homogeneous morphology with fine
particles, as well as larger pore diameters that
encourage the absorption of bulk molecules to undergo
chain breakage during the hydrocracking reaction. The
HHV of the hydrocracking liquid product increased by
7-12%. The highest HHV of 44.2 MJ/kg was obtained
from the liquid product catalyzed by ZnO/SNZ 0.12
wt.%.
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Figure 8: The proposed mechanism pathway for the transformation of linoleic acid and palmitic acid
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