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Abstract

The bimetallic oxide N1O-CdO/biochar catalyst was prepared by coprecipitation and calcination methods. Charac-
terizations of catalyst were carried out using Fourier Transform Infra Red (FTIR), Surface Area Analyzer (SAA),
X-ray Diffraction (XRD), and Scanning Electron Microscope-Energy Dispersive X-ray (SEM-EDX) mapping meth-
ods. The catalyst showed a good average crystalized size of 12.30 nm related to the nanoparticles and high disper-
sion of Ni and Cd metals on the biochar surface. Analysis of liquid fuel products was observed using Gas Chroma-
tography - Mass Spectrometry (GC-MS) which was separated to the main product of gasoline fraction (Cs—Ci0), and
the second product of kerosene fraction (C11—Cis), and diesel fraction (C17—Cs3). The presence of the catalyst in the
hydrocracking resulted in more liquid product of 56.55 wt% than the thermal cracking with a liquid product of
20.55 wt%. The best performance activity of catalyst was found at a temperature of 150 °C with high selectivity to
hydrocarbon fuel with 12 types of gasoline fractions (39.24 wt%) compared to gasoline fractions obtained at higher
hydrocracking temperatures of 250 °C and 350 °C. The results of this study showed that the bimetallic oxide cata-
lyst supported with biochar from palm kernel shell plays an important role in the hydrocracking process to in-
crease the selectivity of the gasoline fraction.
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1. Introduction high carbon and hydrogen contents as the main
elements to produce hydrocarbon fuels. Several
researchers have studied the conversion of
crude palm oil into gasoline, kerosene, and die-
sel fraction by the catalytic hydrocracking pro-

cess and utilization of bimetallic catalyst [1].

Nowadays, the use of energy from fossil fuel
has been dominant to fulfil human needs, and
the industrialized world started from production
to infrastructure and transportation. The efforts
to renewable energy resources must be well un-

derstood for the sustainable development, effi-
ciency of mnatural resources, and economic
growth. Crude palm oil has the greatest possi-
bility to replace fossil fuel because it consists of
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The development of new materials for hy-
drocracking process becomes a great challenge
for the future. Hydrocracking is a catalytic pro-
cess in which hydrocarbon molecules with long-
chain carbon is converted into shorter-chain car-
bon using appropriate bimetallic catalyst. Re-
cently, the development of catalytic hydrocrack-
ing focused on the preparation of a new bimetal-
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lic catalyst supported by a low-cost porous ma-
terial to improve the catalyst performance. Sev-
eral studies reported that mono and bimetallic
catalysts from transition metals are widely
used to increase several active sites and played
important roles in catalytic hydrocracking [2].
However, the use of transition metals as cata-
lysts is low effective due to low thermal stabil-
ity, easy deactivation, and low selectivity in the
catalyst performance.

It is necessary to improve the heterogenous
catalyst performance by combining metal ions
and supporting materials possessing a large
surface area. Monometallic catalyst such as
Pt/Al20O3 has successfully converted crude palm
oil into hydrocarbon fuels of gasoline, kerosene,
and diesel product by the hydrocracking pro-
cess. In this case, Al2Os compound is a mesopo-
rous material with high acidity to initiate the
cracking process, while platinum as a transi-
tion metal plays important role for the catalytic
cracking and isomerization in the hydrogena-
tion and dehydrogenation process [3]. The
Ni/Zeolite catalyst has been successfully used
in the catalytic hydrocracking to convert crude
palm oil instead of fossil fuels to produce petro-
leum-based jet fuels, such as alkanes and cyclo-
alkanes [4—7]. Bimetallic catalyst, such as Ni-
Cu/zirconium, Ni-W/zeolite, Ni1/Al2Os, and
N1/S102-Al203, show an additional increase in
active metallic sites of catalysts due to the dis-
persion of more metal ions on the surface po-
rous materials. The result shows that immobili-
zation of metal ions on the large surface areas
can promote the catalytic activity, selectivity.
and reduce the sintering of the catalysts during
the reaction hydrocracking. Recently, the prep-
aration of heterogeneous catalyst is focused on
the bimetallic oxide with high oxygen function-
al groups which is supported by porous materi-
als having a low-cost raw material such as bio-
char. This is a promising heterogeneous cata-
lyst to develop due to its high activity, selectivi-
ty, stability, and low-cost production for the hy-
drogenation and dehydrogenation process [8—
12].

Indonesia is one of the largest crude palm
oil productions in the world. Crude palm oil is
used as raw material for variety of food, cos-
metics, and hygiene products. An increase in
the crude palm oil production might increase
the presence of solid waste. Solis waste such as
palm kernel shell is highly potential to produce
environmental problem such as water pollu-
tion. However, palm kernel shell is a valuable
material that can be used as precursor for the
preparation of biochar. Palm oil is expected as
an alternative oil for hydrocarbon fuel products

due to its high chemical content in the range of
C14—C24 as fatty acids, a predominance of Cis
[13]. In recent years, palm oil has attracted at-
tention as an alternative oil that can be con-
verted into gasoline through the catalytic hy-
drocracking process. The resulted hydrocrack-
ing process is liquid which can be classified in-
to gasoline (C5—Cio), kerosene (C11—Cis), and
diesel (C17—C23) fractions. The gasoline fraction
consists of hydrocarbon fuels, such as aliphatic
(alkanes), olefin, and aromatic compounds,
which are high in spark-ignited internal com-
bustion. Kerosene is a mixture of combustible
hydrocarbon compounds. It is widely used for
industry and household needs. Diesel is a
heavy fuel consisting of higher carbon contents
that are used in diesel engines [14,15].

Biochar is a porous material that is widely
used in the separation and purification process
as an adsorbent including as a catalytic sup-
port [16,17]. Biochar is prepared from a materi-
al with a high carbonaceous compound such as
palm oil fruit bunch, palm kernel, and coconut
shell by chemical and physical activation
[18,19]. Chemical activation is a more popular
method because it can create an excellent phys-
ical and chemical property such as large sur-
face area, high micropore, and rich surface
functional groups [20]. Biochar has acidic prop-
erties with high oxygen content that can be
considered a supporting material in the hetero-
geneous catalyst. The incorporation of metal
oxide over the surface of biochar can increase
the active sites of the catalytic process and will
be a great challenge as a new catalyst model
for the hydrocracking and isomerization pro-
cess.

The performance of the bimetallic oxide NiO
and CdO can be carried out by the calcinate
process in nitrogen atmosphere [21,22]. The in-
corporations of the bimetallic oxides over the
biochar surface has attracted attention as the
model of a heterogeneous catalyst. Various
transition metals, such as N1O, MoO and CoO,
have been synergy with porous materials as
catalyst due to their highly selective hydrogens
for the catalytic cracking, hydrocracking, and
deoxygenation process. This process requires
hydrogen gas to improve the ratio of hydrogen
and carbon in the cracked molecules and
boarder range of end hydrocarbon fuel prod-
ucts, such as gasoline (C5—Ci0), kerosene (Ci1—
Ci6), and diesel (C17—Cz4) fractions [23].

The purpose of this study is to prepare bi-
metallic oxide NiO-CdO/biochar and study its
efficiency to convert the crude palm oil into hy-
drocarbon fuels, such as gasoline, with lower
carbon atom (Ce—Ci1). Characterization of the
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catalyst is carried out by FTIR, SAA, XRD, and
SEM-EDX mapping. Determination of gasoline
fraction is conducted by the GC-MS spectrome-
try.

2. Material and Methods
2.1 Materials

The palm kernel shell and crude palm oil
(CPO) are collected from Palm Oil Industry,
Kalimantan, Indonesia. Chemicals such as
nickel(II) nitrate hexahydrate
(Cu(NO3)2.6H20), cadmium(II) acetate dihy-
drate (Cd(CHsC0O0)2.2H20), potassium hydrox-
ide (KOH), and nitric acid (HNOs) were pur-
chased from Sigma-Aldrich and used without
purification.

2.3 Preparation of Biochar

The palm kernel shell was washed with dis-
tilled water and dried in the oven at 110 °C for
24 h. The dried sample was grounded into par-
ticle sizes (50 mesh). About 100 g of the dried
sample was impregnated with 60% potassium
hydroxide and strongly stirred overnight at 85
°C. The mixture was washed with deionized
water, neutralized to pH 6-7, and dried at 110
°C in the oven for 24 h. Approximately, 25 g of
dried impregnated sample was placed into
stainless steel reactor and pyrolyzed at temper-
ature of 600 °C for 3 h under a nitrogen flow
rate of 100 mL/min. The yield was washed with
2 M nitric acid and finally washed with deion-
ized water. The yield was dried at 110 °C in the
oven for 24 h. The result is biochar and kept for
further analysis.

2.4 Preparation of NiO-CdO/Biochar

Preparation of bimetallic oxide NiO-CdO
was carried out by coprecipitation process.

1. H; Gas hydrogen tank

2. Flow gas rate indicator

3. Furnace pyrolysis

4. Furnace catalytic reactor
5. Pyrolysis reactor

6. Feed stock crude palm oil
7. Catalytic reactor

8. Catalyst

9. Condenser

10 .Liquid product container
11. Thermocouple

12. Stand claim holder

Figure 1. Type of reactor for thermal cracking
and hydrocracking process.

About 2.91 g of nickel(I) nitrate hexahydrate
and 2.67 g of cadmium(Il) acetate dihydrate
were mixed and added with 100 mL deionized
water and 50 mL ethanol with vigorous stir-
ring at room temperature. The mixture was
slowly heated to 60 °C for 1 h and wisely
dropped with 56 M NaOH to pH 10-11 until the
formation of saturated precipitation. The pre-
cipitate was subsequently filtered, washed
with deionized water/ethanol (1:1), and dried in
the oven at 110 °C overnight.

The bimetallic oxide NiO-CdO/biochar cata-
lyst was prepared by the following procedures.
Approximately, 5.0 g of NiO-CdO and 5.0 g of
biochar (1:1) were added with 100 mL beaker
glass and strongly stirred to homogeneous con-
ditions. The mixture was replaced inside the
stainless-steel rector in the graphite furnace
and slowly calcined at a temperature of 600 °C
with flow nitrogen gas rate of 100 mL/min for
3 h. The yield is bimetallic oxide NiO-
CdO/biochar catalyst and kept for further anal-
ysis.

2.4 Catalytic Characterization

Specific surface area and pore size distribu-
tions were calculated from nitrogen adsorption-
desorption isotherm using Quantachrome No-
vatouch LX4. The morphology and distribution
of catalyst particles were studied using a
JEOL JED-2300, Scanning electron microscope
with energy dispersive X-ray analysis Map-
ping. The crystalized size of the catalyst was
calculated using a Bruker D2 Phaset Gen, the
X-ray diffractometer (XRD). The presence of
surface functional groups was determined by
the Fourier transform infra-red spectroscopy
(FTIR), Perkin Elmer Spectrum Version 10.5.1.
Efficiency of catalyst was observed to convert
crude palm oil into gasoline using catalytic hy-
drocracking process. Crude palm oil was used
as a feedstock for the thermal cracking and cat-
alytic hydrocracking process. The liquid hydro-
carbon fuels resulted from the process was ana-
lyzed by the gas chromatography-mass spec-
trometer (GC-MS) to determine the fraction of
gasoline, kerosene, and diesel. The coke for-
mation and residue were weighted to obtain
the amount of by-product.

2.5 Thermal Cracking and Hydrocracking Pro-
cess

The experiment was set up as shown in Fig-
ure 1. The thermal cracking process was ap-
plied non-catalyst in the reactor. About 100 g
of crude palm oil as feed was injected into the
pyrolysis reactor, and then it was slowly heat-
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ed to 320 °C for 30 min with a flowing hydrogen
gas 20 mL/min. Resulted liquid was collected as
a thermal cracking product for further analy-
sis. For the catalytic hydrocracking, the process
was carried out by the continuous method at
different temperatures. About 100 g of palm oil
was injected into the pyrolysis reactor, and 0.5
g of catalyst was set up at the catalytic reactor.
The pyrolysis reactor was heated to 320 °C as
the initial temperature for 30 min as the con-
tact time. The yield of the gas product passed
through the second rector which have
NiO-CdO/biochar catalyst. The gas was con-
densed into liquid at 150 °C to obtain the first
liquid product for further analysis. With a simi-
lar process, the temperature of the pyrolysis re-
actor was increased to 400 °C and kept for 30
min as contact time. The gas product was con-
densed into liquid at temperature of 250 °C and
passed through the catalyst in the catalytic re-
actor to obtain second liquid product. Thereaf-
ter, the temperature of the pyrolysis reactor
was increased to 500 °C and kept for 30 min as
contact time. The gas product was condensed
into 350 °C to find the third liquid product.
During the catalytic process, the hydrogen gas
was injected into the reactor with flow rate 20
ml/min. At the end of the catalytic reaction, it
was obtained three types of products: liquid as
the main product, while coke and residue are
by product of hydrocracking process. The per-
centage of liquid, coke and residue product was
calculated based on the following Equations
(1)—(3). The fourth product is gas which could
not be collected and disappear during the pro-
cess. However, amount of gas percentage was
predicted from the following Equation (4) [24].

L (Wt%) = —— %100% 6))
w,—w,
Wcat _cht
C (Wt%) = —“— <" 2 100% @)
W, =W,
w
R (wt%) = 22 x100% )
w

A
G (wi%) = 100 — L(wt%) — Rowt%) — C(wt%)

where, L is liquid conversion obtained from the
catalytic process (wt%), C is coke formation on
the catalyst (wt%), R is residue in the reactor
(wt%), G is gas conversion (wt%), w; is weight
of liquid obtained after treatment, w- is residue
weight after treatment, wris a weight of crude
palm oil. w.a is weight of catalyst after treat-
ment, w.» 1s weight of catalyst before treat-
ment.

3. Result and Discussion
3.1 Biochar

Preparation of biochar was carried out by
the previous procedure with a little modifica-
tion [25]. The result of biochar was obtained
38% which was calculated by a following Equa-
tion (5).

weight of biochar

Yield (%) = x100% (5)

weight of dried sample

3.2 Catalyst Characterizations

Specific surface area and pore size distribu-
tions were obtained from the nitrogen adsorp-
tion-desorption isotherms at 77 K and relative
pressure in the range of 0.05—-0.30. The result
shows that the specific surface area is 25.5
m2/g, the average pore volume is 0.02 cm3/g,
and the average pore size is 2.8 nm. The bime-
tallic oxide Ni1O-CdO/biochar tends to the mes-
opore structure.

The FTIR spectra of biochar and catalyst
NiO-CdO/biochar was shown in Figure 2. The
comparison study of the spectra is that the
weak peak of biochar at around 3133.76 cm™! is
assigned to the stretching vibration of hydroxyl
groups. The presence of peak at 3564.84 cm™! is
due to the incorporation of metal oxide and hy-
droxyl groups from water molecules on the sur-
face of biochar. The peaks at 1623.92 cm~! and
1622.34 cm™! are attributed to the C=0 stretch-
ing vibration of carboxylate and carbonyl
groups. The peaks at 1359.45 cm™! and 1352.47
cm! are the characteristic of C—H in the —CHz
and —CHs deformation. The peaks at 459.41
cm-! and 430.02 cm™! are assigned to the pres-
ence of metal-oxygen bonding in form of Ni—-O
or Cd—O on the surface of biochar [26]. This re-
sult of FTIR spectra can be assumed that the
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Figure 2. FTIR spectra of (a) biochar and (b)
Ni1O-CdO/biochar.

Copyright © 2022, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 17 (2), 2022, 480

metal oxides NiO and CdO have been present
on the surface of biochar through chemical
bounds.

The SEM images of biochar and NiO-
CdO/biochar is shown in Figure 3 and 4,
respectively. Figure 3 shows the surface mor-
phology of biochar. The surface of biochar is un-
smooth with an irregular size and various po-
rosity size. Figure 4 describes the nanoparticles
of Ni and Cd metals are agglomerated on the
surface of biochar making the surface thickness
rough. The EDX mapping describes that the
distribution of metal Ni on the surface of bio-
char was detected with higher metal loadings
compared to the metal Cd. It was assumed that
the metal Ni has closed the surface of the metal
Cd. Other elements are present as an impurity
that did not disappear during the washing pro-
cess. The result shows that the metallic Ni and
Cd are successfully immobilized on the surface
of biochar which is important activate site in
catalytic hydrocracking.

Element|Element |Element | Atomic | Weight
ber Symbol |Name Conc. | Conc.
6 < Carbon 88.81 85.57
8 0 Oxygen 11.10, 14.25
13 Al Aluminium| 0.08/  0.16
3 |14 |Si Silicon 0.01 0.02
Kk ©
o
@,

Element Element Element

$ Number Symbol Name
' I [Carbon
| Nickel
Oxygen
|Iron

|6
|28
'8
|26
|19
|14
|a8
13

NNEEREER

| Potassium

| Silicon
| Cadmium

Aluminium

| Atomic| weight
lm. | Conc.

3.3 X-Ray Diffraction Analysis

The XRD analysis was used to determine
the crystalized phase of the catalysts at 20 in
the range of 5-80°. Figure 5(a) shows a broad
peak of biochar at 20 = 23.65° and 42.88° relat-
ed to the amorphous structure with the disor-
derly stacked up by carbon rings. Figure 5(b)
shows a variety of peaks at different intensities
observed in the XRD pattern corresponding to
the improvement of micro-crystallinity with
the presence of bimetallic oxide N10-CdO. The
crystalline phases and planes of the NiO-
CdO/biochar is shown at 20 = 44.25° (210),
51.61° (211), 61.72° (22-1), and 76.30° (220),
(JCPDS: No. 00-045-1027, No. 00-022-1184,
and No. 00-005-06401) [27,28]. The intensity of
Cd is relatively low due to its being covered by
the nickel ion. The crystallized size of the NiO-
CdO/biochar was calculated by Scherer’s equa-
tion using D (crystallize size) and the FWHM
(full width at half maxima) parameters. The

+ NiO
= *
100 , +Cdo

= -J\J 7:
\\/ ” A

Intensity/a.u
P =2
o o
1 1

S
—

20 S—

2 theta/degree

Figure 5. The XRD pattern of (a) biochar and
(b) NiO-CdO/biochar.
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Figure 4. The SEM-image and SEM/mapping of NiO-CdO/biochar.
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Scherrer’s equation is derived from Bragg’s
equation, A = 2d sinf with the thickness of Dd =
D, as the following Equation (5).

KA
- Pcosd ®)

where, A is X-ray wavelength, K = 2x(In 2/r)1/2
is constantly closed to 0.9. The 6 is the Bragg
reflection angle. Table 1 shows the individual
crystal size according to Scherrer’s equation,
and the average crystallized size (D) is 12.30
nm related to nanoparticles.

3.4 Thermal Cracking and Hydrothermal Prod-
ucts

The presence of the catalyst and hydrogen
gas in the hydrocracking process plays an im-
portant role in catalytic activity. The cracking
is initiated by the presence of the catalyst of
NiO-CdO/biochar through the dehydrogenation
process. The hydrogen molecule is adsorbed by
the metal surface, transported to the biochar as
an acidic site, broken up the carbon-carbon
chain, and finally hydrogenation process of the
cracked shorted chain molecules. A type of
product can be separated into liquid, coke, and
residue related to the mass of carbon content.
The liquid product is a primary product in the
thermal and hydrocracking process in which
the product is collected during the catalytic
process. The coke product is the coke formation

56.55
60 52,01
=50
Z 39.32
=40
gr 27.44
w30 A
v 2
-
s
S 20
E: 201
S 10 0 212
]
0
Thermal cracking products Hydrothermal products

®Liquid (%) ™ Coke (%) ®Residue (%) © Gas (%)

Figure 6. Type of thermal cracking and hydro-
thermal product.

Table 1. Crystallized particle size of NiO-CdO/biochar.

that is attached to the surface of the catalyst.
The residue product is the residue of the com-
bustion of feedstock obtained in the reactor.
However, gas product is the product that is as-
sumed to disappear during the catalytic pro-
cess and is responsible for the reducing of the
total weight of the product. Figure 6 shows the
percentage of the liquid, coke, and residue that
were obtained by the thermal cracking and hy-
drocracking. In the thermal cracking, the total
conversions of crude palm oil at a temperature
of 320 °C consist of the liquid (20.55 wt%), resi-
due obtained in the reactor (27.44 wt%), and
gas (52.01 wt%). There was not the formation
of coke attached on the catalyst because the
thermal cracking did not used catalyst in the
process. This result indicates that thermal
cracking produced a low liquid yield as the
main product for the thermal cracking. In cata-
Iytic hydrocracking, the total conversions of
crude palm oil consist of the liquid (56.55 wt%),
coke (2.11 wt%), residue (2.12 wt%), and gas
(39.32 wt%). The all gas product is assumed as
the lightest hydrocarbon fuel product that can-
not be collected because it was disappeared to-
gether with the rest of hydrogen gas during the
process. The comparison study shows that the
catalyst played an important role in the cata-
Iytic hydrocracking by reaching a higher liquid
product (56.55 wt%) than the resulting of ther-
mal cracking (20.55 wt%). The percentage
weight of gas was obtained by the comparison
study with all the yields. The catalytic hy-
drocracking process shows that the bimetallic
oxides and porous biochar have played an im-
portant role to break down heavier-chain hy-
drocarbon to lighter-chain carbon compounds.
It proves the catalyst has high selectivity to
produce the liquid products.

3.5 Analysis of Liquid Product

The liquid is the main product resulting
from the thermal cracking and catalytic hy-
drocracking process. The liquid product is ana-
lyzed by GC-MS and differentiated according to
the number of carbons and retention time. Fig-
ure 7 shows the peaks of GC analysis distribut-

20 (°) FWHM (°) Crystallized size (nm) Average crystallized size (nm)
23.35 9.46 0.91

44.25 0.77 11.65

51.61 0.72 12.77 12.30

61.72 0.48 20.11

76.30 0.66 16.04
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ed on the retention time in the range of 2-26
min and separated into gasoline (C5—C1o), kero-
sene (C11—Ci6), and diesel (C17—Cz3). Figure 7(a)
shows the distributions of the liquid product
obtained by the thermal cracking at a tempera-
ture of 320 °C. Based on the GC analysis, there
is only one peak (peak no. 1) at a retention time
9.5 min which is predicted as the main product
of gasoline, and other peaks are located at re-
tention time higher than 10 min as the second
product of kerosene and diesel. Figure 7 (b)
shows the GC analysis resulting from the cata-
Iytic hydrocracking at a temperature of 150 °C.
The result gives more peaks (peak no. 1 to 12) a
retention time in the range of 2-4 min as an in-
dication of the main gasoline fraction. Howev-
er, the peaks found at a higher retention time
(peak no. 12 to 50) are called the kerosene and
diesel products. The selectivity of the catalyst
has reached the optimum condition to convert
crude palm oil into the gasoline product at a
temperature of 150 °C with the highest number
of gasoline peaks. Figure 7 (c) and (d) show the
number of peaks obtained from GC analysis at
a temperature of 250 °C and 350 °C, respective-

25

(a)

13

ly. For both temperatures, there are 9 peaks
related to the gasoline products with peak
number 1 to 12 at the retention time in the
range of 2 to 8 min. However, the peak number
with higher than 12 exhibit the kerosene and
diesel products. Therefore, in this study, an in-
crease in temperature hydrocracking shows a
decrease in the number of gasoline peaks and
an increasing the number of peaks as an indi-
cation of kerosene and diesel.

A comparative study shows that the effect of
the catalyst and temperature played an im-
portant role to convert crude palm oil into hy-
drocarbon fuels. A high-hydrocracking temper-
ature can accelerate to break of carbon-carbon
and carbon-hydrogen bonds and is followed by
the formation of carbon deposition of coke on
the surface of catalyst. The coke may block the
active site resulting in the inability of the cata-
lyst to break the carbon-carbon bond into a
shorter-chain carbon. However, the effect of the
catalyst might increase the selectivity of the
catalyst. The active sites may break the car-
bon-carbon bonds through the formation of free
radicals. The presence of hydrogen in the cata-

&

(b)

(c}

Y
T8
I:i—22
3 -
= & 2
WL AT
2.0 ' 16'0 Ii%.(')

Retention time (min)

k]

{d)

Retention time (min)

Figure 7. GC-MS spectra of gasoline fraction (a) thermal cracking products, (b) hydrocracking products

at 150 °C, (c) 250 °C, and (d) 350 °C.
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lytic process may support the incorporation of
free radicals to form shorter carbon-carbon
bonding [29]. Figure 8 shows the total conver-
sion of the liquid product into gasoline (C5—Co),
kerosene (C11—Cie), and diesel (C17—Cz4) based
on the total percentage area from the GC anal-
ysis.

3.5 Selectivity of Gasoline Fraction

The Mass spectrometer was carried out to
evaluate the activity catalyst on the selectivity
of gasoline fractions with carbon content in the
range of Cs—Cio as described in Table 2. The
fraction of gasoline was observed by the highest
similarity index (SI) in the mass spectrum
analysis. The result shows that the gasoline
fraction of the thermal cracking is 0.45 wt%
with one type of product as 1l-undecane (n-
C11H22) and most other fractions are kerosene
and diesel fractions as the second products.

57.82 59.16 58.78
5132

=3
=}

41.73

L
=

39.24 TR

=
o

29.58

e
o

19.10

6.04;
1.60
0.45

Thermal cracking  Hydrocracking Hydrocracking Hydrocracking
products 150 0C 2500C 3500C

-
o S

o

Total Conversion of Products (%)

m Gasoline (%) ™ Kerosene (%) ™ Diesel (%)

Figure 8. The percentage of hydrocarbon con-
version of liquid product into gasoline, kero-
sene, and diesel fractions.

However, the hydrocracking at temperatures of
150 °C is a good performance of catalytic activi-
ty having 12 types of gasoline fractions (Cs—
Ci0) starting from n-hexane to 1-decene with
the percentage gasoline of 39.24 wt%. An in-
crease in the hydrocracking temperature pro-
cess to 250 °C and 350 °C has decreased the
gasoline products to 19.10 wt%, and 6.04 wt%,
respectively. An increasing the temperatures of
hydrocracking can accelerate a break bond of
carbon-carbon from a heavier molecule of palm
oil and incorporation to build up a kerosene
and diesel product instead of gasoline. The re-
sult shows that NiO-CdO/biochar has proved
an important catalyst in the hydrocracking
process and showed the best selectivity of cata-
lyst at temperature of 150 °C by producing 12
types of gasoline fractions (39.24 wt%). The
schematic process of thermal cracking and cat-
alytic hydrocracking process is shown Figure 9.

Hydrocracking
process using catalyst

Thermal Cracking
process non-catalyst

Products of Liquid, Coke, Residue,
and Gas

Liquid product — GC-MS Analysis

|

Gasoline Fraction
Presented in Table 2

Figure 9. The flow charge of thermal cracking
and hydrocracking.

Table 2. Distribution of carbon number in the liquid products on the thermal cracking and hydrocrack-

ing process based on the MS chromatogram.

Conversion of crude palm oil to gasoline fractions (%)

. Thermal Hydrocracking  Hydrocracking  Hydrocracking
Peakno  Liquidproduct 40150 oC 150 °C 250 °C 350 °C
(wt%) (wt%) (wt%) (wt%)
1 n-Hexane - 0.46 1.22 0.56
2 n-Heptane - 1.82 1.41 0.50
3 1-Heptene - 2.11 1.53 0.33
4 n-Octane - 4.81 2.23 0.84
5 1-Octene - 4.71 2.76 0.69
6 n-Nonane - 10.30 2.51 1.61
7 1-Nonene - 5.12 2.62 0.63
8 Cyclooctene - 1.02 - -
9 2-Nonene - 1.29 - -
10 n-Decane - 3.78 2.44 0.61
11 Cyclooctene - 1.01 - -
12 1-Decene - 2.81 2.38 0.27
13 1-Undecene 0.45 - - -
Total 0.45 39.24 19.10 6.04
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4. Conclusions

In summary, biochar was prepared from
palm kernel shell by chemical activation using
potassium hydroxide and bimetallic oxide was
prepared by coprecipitation method. The cata-
lyst of NiO-CdO/biochar was characterized by
SAA, FTIR, EDX, and SEM-EDX Mapping.
Characterized results show that the catalyst
has a good performance with metal particles
dispersed on the biochar surface. Analysis of
liquid product was observed using GC-MS to
determine the gasoline fraction. The efficiency
of the catalyst was observed for the conversion
of crude palm oil into a gasoline fraction. A
comparison of the result shows that the hy-
drocracking process using NiO-CdO/biochar
catalyst produced more liquid product (56.55%)
than thermal cracking product (20.55%). The
best performance of activity catalyst was found
at a temperature of 150 °C consisting of 12
types of gasoline fractions (30.24 wt%). The re-
sult of this study shows that the NiO-
CdO/biochar has a potential catalyst for the
conversion of crude palm oil into gasoline frac-
tions.
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