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Abstract

Nickel supported Parangtritis beach sand (PP) catalyst for hydrocracking of palm and malapari oil into biofuel has
been conducted. The impregnation process of Nickel (Ni) metal on PP was carried out through the dry impregna-
tion method (blending) using a precursor salt of NiCls.6H20 with variations of Ni metal as much as 10 and 20 wt%
of PP which produced Ni(A) and Ni(B) catalysts. Each catalyst was tested for activity and selectivity through the
hydrocracking process of oil into biofuel using a semi-batch system reactor at a temperature of 450 °C, a hydrogen
gas flow rate of 20 mL/minute for 2 hours, and a weight ratio of 1:200 catalyst:feed (w/w). The results showed that
the Ni(A)/PP catalyst had the highest activity and selectivity with the yield of liquid products and the total biofuel
fraction (biohydrocarbons) obtained from hydrocracking of palm oil of 68.50 and 49.87 wt%, respectively. Ni(A)/PP
catalyst has a total acidity, surface area, and crystal size of 0.051 mmol/g, 4.44 m?/g, 25.86 nm, respectively. The
reusability test of the Ni(A)/PP catalyst in the hydrocracking process of palm oil into biofuel after the third use
resulted in a liquid product and the total biofuel fraction obtained was 64.20 and 41.46 wt%, respectively. The
yield of liquid product and the total fraction of biofuel (biohydrocarbon) in hydrocracking malapari oil were 66.10,
47.83 wt%, respectively.
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1. Introduction search into the discovery of alternative renewa-
ble fuels, one of which is converting vegetable
oils like palm oil and malapari into biofuels.
Utilizing Indonesia's abundant vegetable oil
for fuel production can solve the problem of the
availability of renewable fuel sources [1]. In ad-
dition, producing biofuels from vegetable oils
can reduce reliance on fossil fuels and their as-
sociated greenhouse gas emissions [2]. Many
different chemical compositions are present in
fatty acids found in vegetable oils like palm and
malapari, which can be processed into biofuel
fractions [3]. Thermal cracking is one possible

Oil and gas are natural resources that con-
tribute significantly to human life. Along with
the growth of the human population, its vital
role and utilization as fuel will continue to ex-
pand. However, the energy used today is nonre-
newable and derived from petroleum. On the
other hand, population, industry, and transpor-
tation continue to grow over time, resulting in a
rising demand for fuel oil. If this continues, a
fuel shortage will ensue. This has prompted re-
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However, over cracking typically occurs during
thermal cracking, resulting in the production of
low-quality coke, gas, and naphtha [4]. This
may result in a decrease in the quantity of the
desired product. In order to optimize the pro-
duction of the desired product, a catalyst is
added to the hydrocracking process, which is
currently known as the catalytic hydrocracking
process, during the cracking process.

In addition to being a simple method, cata-
Iytic hydrocracking is more cost-effective, and
most importantly, the fuel produced by the cat-
alytic hydrocracking process has the same
chemical composition as fossil fuels [5]. This re-
search utilizes N1 metal as the catalyst materi-
al and Parangtritis beach sand as the carrier.
Numerous studies on catalysts derived from
beach sand have been conducted because of the
silica-rich nature of beach sand [6,7] for hy-
drocracking of used palm oil into hydrocarbon
compounds. The liquid product and total hydro-
carbon compounds obtained were 69.75 and
94.33 wt%, respectively.

In addition to its abundant availability, Pa-
rangtritis beach sand possesses enormous po-
tential for use as a catalyst carrier without the
need for extraction. Because fewer chemical re-
agents are required to prepare catalyst materi-
als, this is an interesting and useful discussion
if it is conducted with an eye toward the envi-
ronment. Even economically, Parangtritis
beach sand is less expensive or free compared
to synthetic porous materials such as MCM-41,
Al203, ZSM-5, etc., which must be purchased
for a cost. Therefore, this study aims to observe
the properties, activity, selectivity, and reusa-
bility of metal catalysts supported Parangtritis
beach sand on hydrocracking of palm and mala-
pari oil into biofuel.

2. Materials and Methods
2.1. Materials

Parangtritis beach sand was collected in
Yogyakarta, nickel chloride hexahydrate
(NiCl2.6H20, 99.9%), pyridine (CsHsN, 99.5%)
from Merck & Co., nitrogen gas (N32), technical
hydrogen gas (Hz) from PT. Samator Gas, palm
and malapari oil.

2.2. Preparation of Parangtritis Beach Sand

The sand was washed with distilled water
before being dried in a 100 °C oven for 24
hours. The sand was then ground into fine par-
ticles using a ball mill, calcined at 500 °C for 5
hours with N2 gas flow, reduced at 450 °C for 3
hours with Hz gas flow, and filtered through a

100-mesh sieve. The sand that has been fil-
tered is then known as PP.

2.3. Impregnation of Metals into Parangtritis
Beach Sand (PP)

The dry impregnation method was used to
impregnate Nickel (Ni) metal onto beach sand
(PP) using NiCl2.6H20 precursor salt with
loadings of 10 and 20% Ni metal by weight of
PP, denoted as Ni(A)/PP and Ni(B)/PP, respec-
tively. The precursor salt and 4 g of PP were
blended for 15 minutes in a ball mill. After
that, the Ni/PP mixture was calcined at 500 °C
for 5 hours at a flow rate of 20 mL/min using
nitrogen gas. This procedure was followed by a
3-hour hydrogen gas reduction at 450 °C and
20 mL/min.

2.4. Catalyst Characterization

PP, Ni(A)/PP, and Ni(B)/PP catalysts were
characterized using Fourier-Transform Infra-
Red (FT-IR, SHIMADZU Prestige 21) to ana-
lyze functional groups, Gas Sorption Analyzer
(GSA, Quantachrome TouchWin version 1.11)
to determine the surface area. Meanwhile, pore
volume and pore diameter were measured us-
ing the Brunauer-Emmet-Teller (BET) and
Barrett-Joyner-Halenda (BJH) methods. Other
characterizations performed were X-Ray Dif-
fraction (XRD, Bruker D2 Phaset 2 Gen) to de-
termine the crystallinity of the catalyst, Scan-
ning Electron Microscope (SEM-EDX, JEOL
JSM-6510) to see the surface morphology,
Transmission Electron Microscope (JEOL-
JEM-1400) to see the catalyst pore morphology,
and acidity test using pyridine base adsorption
gravimetric method.

2.5. Catalyst Activity Test

The catalytic activity test was conducted
through the palm oil hydrocracking process.
PP, Ni(A)/PP, and Ni(B)/PP catalysts derived
from the preparation process were tested using
a weight ratio of 1/200 (wt%) of the palm oil
catalyst/feed used. Hydrocracking was per-
formed in a stainless-steel semi-batch reactor
at a temperature of 450 °C for 2 hours using
hydrogen gas at a flow rate of 20 mL/min. The
catalyst with the highest activity and selectivi-
ty in producing liquid products and biofuel
fractions will be further used in the hy-
drocracking process of malapari oil. In addi-
tion, the reusability of the hydrocracking cata-
lyst will be tested for 3 continuous runs using a
used catalyst. The liquid product obtained from
hydrocracking was analyzed using Gas Chro-
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matography-Mass Spectrometry (GC-MS) to de-
termine the compound content in the liquid
product. The hydrocracking product distribu-
tion can be calculated using the following equa-
tions:

Liquid product conversion (wt%) = (1)
liquid product weight
feed weight

x100%

Coke conversion (wt%) =
(weight to final cat.—weight of initial cat.)

- x100%
feed weight

()

Residual conv. (wt%) =

(final feed container weight —empty container weight)

; x100%
feed weight
3)
Gas conversion (wt%) =
100% — (liquid + coke + residue conv.) 4)

Gasoline fraction =
%compound area C5-C12

xLiquid product (wt%)
5)

Total %area

Avtur fraction =
%compound area C8—-C16

xLiquid product (wt%)
(6)

Total %area

Diesel fraction =
%compound area C13-C17
Total %area

xLiquid product (wt%)

(7
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Figure 1. FTIR spectra of catalyst: (a) PP, (b)
Ni(A)/PP, (c) Ni(B)/PP

3. Results and Discussion

3.1. Characterization of PP, Ni(A)/PP, and Ni
(B)/PP Catalysts

Figures 1 and 2 depict the FTIR spectra of
the catalyst material before and after the acid
test, which were performed to determine the
functional groups present. Figure 1 shows the
FTIR spectra of PP, Ni(A)/PP, and Ni catalysts.
(B)/PP was recorded in the absorption area of
400-4000 cm-l. The peak vibration at wave-
number 465 cm-! includes the vibration of the
Si—0-Si cyclosan group. At wavenumber 1080
cm-! is the absorption peak of the asymmetric
stretching vibration of the Si—-O-Si group,
wavenumber 1635 cm! is the z peak of the
bending vibration of Si—-OH, and at wave-
number 3455 cm-! which is included in the
stretching vibration of Si—-OH [8,9]. Figure 2
depicts the FTIR spectrum of the interaction
test results between the catalyst and pyridine
molecules in the absorption region of 1350-700
cml. Visible peak vibrations at the wave-
number region of 1460 cm-! are associated with
the coordination of pyridine bonds with Lewis
acid sites [10-12]. At the wavenumber of 1635
cm-l, an absorption peak is also seen, indicat-
ing the Bronsted-Lowry acid site, indicating a
characteristic hydrogen-pyridine bond [13].

Figure 3 depicts the N2 gas desorption ad-
sorption isotherm curves for PP, Ni(A)/PP, and
Ni(B)/PP catalysts. Figure 3 depicts two types
of desorption adsorption isotherm curves, spe-
cifically, type I on microporous PP catalyst and
type IV on Ni(A)/PP and Ni(B)/PP catalysts
that exhibit mesoporous properties [14]. The
type of hysteresis loop can also be identified
based on the isotherm graph. The hysteresis

1635 1460
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Figure 2. FTIR spectra after acid catalyst test:
(a) PP, (b) Ni(A)/PP, (c) Ni(B)/PP
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pattern of each catalyst shows the H4 type,
which means that the pores on the catalyst are
in the form of narrow slit pores [15]. Figure 4
depicts the distribution of the predominant
pore size for each catalyst. Figure 4 illustrates
the distribution of the dominant pore size on
the PP, Ni(A)/PP, and Ni(B)/PP catalysts re-
sulting in pores with a diameter of 2 nm. The
pore distribution increased after the addition of
Ni metal. This causes the average pore diame-
ter of the catalyst after the addition of Ni metal
to increase in the range of 2-50 nm. In this
case, Ni(A)/PP and Ni(B)/PP catalysts have mi-
croporous and mesopore hierarchies. Figure 4
also reveals that the PP catalyst's pore distri-
bution has a narrower peak range than that of
the Ni(A)/PP and Ni(B)/PP catalysts, indicating
that the PP catalyst is more homogeneous. The
metal addition process produces a catalyst with
a wider pore distribution and an increase in the
optimum pore distribution on the catalyst [16].
This explains how the increase in pore size and
formation of more heterogeneous pores are
brought about by the addition of Ni metal to
the sand surface.

Figure 5 displays the XRD crystallinity
analysis results for PP, Ni(A)/PP, and Ni(B)/PP
catalyst materials. The impregnation process of
Ni metal on the Parangtritis beach sand carrier
was successfully carried out. This is indicated
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Figure 3. Catalyst isotherm graph: (m) PP, (%)
Ni(A)/PP, (A) Ni(B)/PP

Table 1. Catalyst properties

by the presence of diffraction peaks that ap-
pear at 20 = 43.6 and 26 = 50.6 (JCPDS card
no. 96-901-3034). There are also peaks at 20 =
37 and 20 = 62.5, which are characteristic of
NiO (JCPDS card no. 96-432-0506). The pres-
ence of a NiO peak on the Ni(B)/PP catalyst is
believed to be a result of its high Ni content,
whereas the Ni(A)/PP catalyst lacks a NiO
peak due to its lower Ni concentration [17].
Table 1 displays catalyst properties, includ-
ing surface area, pore volume, average pore di-
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Figure 4. Pore distribution of catalyst (m) PP,
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Figure 5. Catalyst diffraction: (a) PP, (b)
Ni(A)/PP, and (c) Ni(B)/PP

Catalyst Surface areaa  Pore volume? Average pore Total acid Metal loadinge S?Z];y(siill)
y (m?2/g) (cc/g) diametera (nm) amount® (mmol/g) (Wt%)
PP 3.43 0.0026 1.50 0.025 - -
Ni(A)/PP 4.44 0.0078 3.50 0.051 6.55 25.86
Ni(B)/PP 4.47 0.0097 4.34 0.076 11.87 34.17

aSurface area, pore volume, and average pore diameters were determined using BET and BJH theory, Total acid amount was
determined by gravimetric method, cMetal loading was determined by using Energy Dispersive X-Ray (EDX).
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ameter, total acidity, and metal concentration.
Table 1 shows the change in the average pore
diameter before and after metal impregnation
from initially having microporous pores of 1.5
nm to 3.50 and 4.34 nm. An increase in the av-
erage pore diameter is followed by an increase
in surface area. Normally, an increase in pore
size causes a decrease in surface area. This is
due to the uneven distribution of metal on the
surface of the carrier as well as differences in
pore size distribution [18]. The difference in
pore size distribution results from the calcina-
tion, oxidation, and reduction processes per-
formed on the catalyst, which restructured the
solids' pores [19]. Changes in metal-carrier in-
teractions during calcination, oxidation, and re-
duction lead to alterations in metal particle
size, metal distribution, and pore size distribu-
tion in solid heterogeneous catalysts, according
0 [20]. The results indicated that the addition
of metallic Ni increased the acidity value from
Lewis acid site on the transition metal, with

the total acidity value of Ni/PP increasing as
the concentration of Ni added to the PP in-
creased [21]. The size of the Ni metal crystals
on the catalyst was calculated using the Scher-
er equation [22]. The calculation of the crystal
size based on the Scherer equation revealed
that as the metal concentration increased, the
crystal size of the catalyst increased. According
to [23], the crystal size is affected by the metal
impregnation process, the type of metal, and
the metal concentration. The larger the crystal
obtained, the greater the metal concentration
[24,25]. This is because a higher metal concen-
tration leads to clusters of metal ions [26].

The morphology of the PP, Ni(A)/PP, and
Ni(B)/PP catalysts from the SEM analysis is
shown in Figure 6. Before impregnation with
Ni metal, the PP catalyst morphology consisted
of varying granules of varying sizes. However,
there was a morphological change in the form
of cotton lumps after the Ni metal impregna-
tion process, indicating agglomeration on the

Spm (| =— SEl 20kV WD11mm: §520

%kl

. §
SEl '48kV- ‘WD11mm  SS30

LPPT UGM

i\ LPPT UGM

Figure 6. SEM images of catalysts: (a) PP, (b) Ni(A)/PP, (c) Ni(B)/PP
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surface of the catalyst due to the addition of in- 3.2. Catalytic Activity and Selectivity Test
creasing concentrations of Ni and an uneven
distribution of Ni [26]. Figures 6 (b) and (c)
show the morphology of the catalyst with varia-

3.2.1 Catalytic activity and selectivity test of
PP, Ni(A)/PP, dan Ni(B)/PP

tions in the concentration of Ni metal. It can be The catalyst activity test was carried out
seen that the higher the concentration of Ni through the hydrocracking process. Palm oil
metal, the greater the chance of agglomeration was the feed used in the catalyst activity test.
on the catalyst’s surface [27]. Figure 7 depicts Hydrocracking was performed at a tempera-
the distribution of Ni metal on the surface of ture of 450 °C for 2 hours with a feed weight
the catalyst and verifies that Ni metal was suc- ratio of 1:200 while H2 gas flowed at a rate of
cessfully incorporated into the catalyst. It is al- 20 mL/min. The catalyst with the highest ac-
so evident that the Ni(A)/PP catalyst has a tivity was tested for reusability and used for
more uniform distribution of Ni metal on the hydrocracking in malapari oil. Table 2 displays
PP surface than the Ni(B)/PP catalyst. This is the catalytic activity of the palm oil hy-
due to agglomeration events in which metal ac- drocracking product.

cumulates in specific areas.

——— 10 pm Ni K

(a)

——— 10 pm Ni K

(b)
Figure 7. Distribution of Ni metal on the catalysts: (a) Ni(A)/PP, (b) Ni(B)/PP
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The yield of the liquid product on the PP
catalyst increased both before and after the Ni
metal impregnation. This is because Ni metal
has an active site that can assist in the hy-
drocracking process. The presence of unpaired
electrons in the d orbitals causes an active site
in N1 metal. Previous researcher [28] also stat-
ed that the total acidity value would increase
after the metal impregnation process, which af-
fects the increase of liquid products during the
hydrocracking process. The catalyst with the
highest liquid product yield was Ni(A)/PP, with
a liquid product yield of 68.50 wt%, while the
Ni(B)/PP catalyst had a higher acidity value
than the Ni(A)/PP catalyst. It is believed that
this is due to the uneven distribution of Ni met-
al on the Ni(B)/PP catalyst, which causes
clumping at a specific location [29]. The surface
of the catalyst pores is covered by clumping or
uneven metal distribution, resulting in subopti-
mal catalyst conversion. This study conducted
the catalyst selectivity test using GC-MS char-

acterization. The results of GC-MS characteri-
zation show the compound fractions in the lig-
uid product obtained from hydrocracking prod-
ucts, such as the hydrocarbon fraction, which is
classified as biofuel fraction and other com-
pounds. The fuel oil fraction consists of biogas-
oline (Cs-Ci2), bioavtur (Cs-Cis), and biodiesel
fraction (Ci13-Cis) [30,31,32]. Figure 8 depicts
the distribution of biohydrocarbons in the lig-
uid product resulting from the hydrocracking
of palm oil for each catalyst.

Figure 8 demonstrates that the Ni(A)/PP
catalyst has the highest selectivity with frac-
tions of 49.61 and 49.06 wt% for gasoline and
avtur, respectively. This is supported by the
XRD findings that the Ni(A)/PP catalyst con-
tains no metal oxide (Ni%). Unlike the Ni(B)/PP
catalyst, which still contains a metal oxide,
this catalyst does not contain metal oxide
(Ni10O). Metal Ni° plays a crucial role in the hy-
drodeoxygenation process. The presence of zero
metal (N1 can prepare d orbitals containing a

B C5-C12 (biogasolin) ® C8-C16 (bioavtur)
C13-C18 (biodiesel) " non-hydrocarbon
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Figure 8. Distribution of biohydrocarbons in the liquid product resulting from hydrocracking of palm

oil

Table 2. Hydrocracking products of palm oil

Hydrocracking Conversion (wt%) T .
s otal conversion
conditions/ Cata- . . 0

lyst Liquid product Gas product Residue Coke (Wt%)
Thermal 50.25 29.10 20.65 0 79.35

PP 59.25 11.45 29 0.3 71.00
Ni(A)/PP 68.50 20.30 11.1 0.1 88.90
Ni(B)/PP 67.90 30.04 1.76 0.3 98.24
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single electron to dissociate hydrogen homolyti-
cally, thereby optimizing the hydrodeoxygena-
tion process [33-35]. Furthermore, the Ni(A)/PP
catalyst, which has the highest activity and se-
lectivity in the hydrocracking of palm oil, was
tested for reusability and used in the hy-
drocracking process of malapari oil.

3.2.2 Reusability test of Ni(A)/PP

Stability and reusability tests were carried
out on the Ni(A)/PP catalyst for 3 continuous
runs using the used catalyst for two hours each
at a temperature of 450 °C with a catalyst:feed
ratio of 1:200 (w/w). Table 3 displays the activi-
ty of the catalyst on the stability and reusabil-
ity test of the Ni(A)/PP catalyst. Table 3 shows
that the hydrocracking process generally re-
sults in a less significant reduction in the liquid
product. The decrease in the production of this
liquid product can be attributed to the increase
in coke formation after the third use, as shown
in Table 3. Increasing the amount of coke fur-

ther covers the catalyst’s surface, which can
block the access of molecules to the active site,
so the hydrocracking process is not optimal
[36]. The results of the selectivity test are
shown in Figure 9. Overall, the activity and se-
lectivity of the Ni(A)/PP catalyst indicated that
it could produce biofuel fraction compounds
from hydrocracked palm oil even after repeated
use.

3.2.3 Test activity and selectivity of Ni(A)/PP
catalyst on hydrocracking of malapari oil

The hydrocracking of malapari oil was con-
ducted to evaluate further the activity and se-
lectivity of the Ni(A)/PP catalyst, which exhib-
ited the highest activity and selectivity in the
hydrocracking of palm oil. Table 4 displays the
results of the Ni(A)/PP catalyst activity test on
the hydrocracking of malapari oil. Table 4
shows that the Ni(A)/PP catalyst for hy-
drocracking of malapari oil has almost the
same activity as hydrocracking of palm oil. The

m C5-C12 (biogasolin) m C8-C16 (bioavtur)
C13-C20 (biodiesel)

49.61
49.06
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Figure 9. Graph of biofuel fraction products from the reusability tests using a Ni(A)/PP catalyst

Table 3. Palm oil hydrocracking reusability test product

Hi’ grl;((;cii‘i)crll{sl/ng Conversion (wt%) Total conver.
Catalyst Liquid product  Gas product Residue Coke sion (wt%)
Ni(A)/PP! 68.50 20.30 11.10 0.1 88.90
Ni(A)/PP2 60.65 20.05 19.10 0.2 80.90
Ni(A)/PP3 64.20 26.10 9.1 0.6 90.90
Table 4. Hydrocracking products of malapari oil
. Conversion (wt%) Total conversions
Feed (O1l) — ;
Liquid product Gas product Residue Coke (wt%)
Malapari 66.10 17.50 15.75 0.65 84.25
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percentage of liquid product in malapari oil hy-
drocracking is less than the liquid product from
palm oil hydrocracking. This decrease in the
percentage of liquid product is likely due to the
formation of more coke during the hydrocrack-
ing of malapari oil, resulting in a less optimal
hydrocracking process. Figure 10 displays the
results of the GC-MS characterization selectivi-
ty test. It can be seen that the biohydrocarbon
fraction's selectivity in malapari oil's hy-
drocracking has the same selectivity in the hy-
drocracking of palm oil.

3.2.4 Catalyst morphology before and after
palm oil hydrocracking

The morphology of PP, Ni(A)/PP, and
Ni(B)/PP catalysts before and after hydrocrack-
ing of palm oil into biofuel was characterized
using TEM. Figure 11 depicts the results of
TEM analysis, indicating a change in color for
each catalyst after use in the hydrocracking
process. The catalyst's surface becomes darker
due to the formation of coke, which covers its
surface.

4. Conclusion

The total acidity, surface area, average pore
diameter, and pore volume of PP catalyst are
0.025 mmol/g, 3.43 m2/g, 1.50 nm, and 0.0026
cm3/g, respectively. The impregnation of Ni
metal into the sand catalyst improves the sur-
face area, average pore diameter, and pore vol-
ume characteristics. Meanwhile, Ni(A)/PP cata-
lyst possessed total acidity, surface area, aver-
age pore diameter, pore volume, and crystal
size of 0.051 mmol/g, 4.44 m?2/g, 3.50 nm, 0.0078

u C5-C12 (biogasolin) = C8-C16 (bioavtur)
C13-C20 (biodiesel) = non-hydrocarbon
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Figure 10. Distribution of biohydrocarbons in
liquid product from hydrocracking of malapari
oil

cm3/g, and 25.86 nm, respectively, Ni(B)/PP
catalyst possessed 0.076 mmol/g, 4.47 m?2/g,
4.34 nm, 0.0097 cm3/g, and 34.17 nm, respec-
tively. Ni(A)/PP catalyst has the best activity
and selectivity in the hydrocracking process of
palm oil and malapari into biofuel. The liquid
product yield and total biofuel fraction ob-
tained from the hydrocracking of palm oil and
malapari were 68.50, 49.87 wt% and 66.10,
47.83 wt%, respectively. The use of Ni(A)/PP
catalyst repeatedly for 3 times shows that the
catalyst has good stability. The liquid product
yield and the total biofuel fraction obtained af-
ter the third use were 64.20 and 41.46 wt%, re-
spectively.

(b)|

9.Up10)

Figure 11. Catalyst morphology: (a) PP before
hydrocracking, (b) PP after hydrocracking, (c)
Ni(A)/PP before hydrocracking, (d) Ni(A)/PP
after 3rd hydrocracking, (e) Ni (B)/PP before
hydrocracking
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