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Abstract

The objective of this research was to prepare low-cost catalyst for green diesel conversion from vegetable oil. The
catalyst of nickel-dispersed biochar (Ni/BC) was prepared by direct pyrolysis of nickel precursor with palm leaves
waste under N2 stream at 500 °C. The obtained catalyst was examined by using x-ray diffraction, scanning elec-
tron microscope-energy dispersive x-ray, transmission electron microscopy, gas sorption analysis, FTIR and sur-
face acidity examination. The catalytic activity testing was performed on rice bran oil hydrodeoxygenation at var-
ied temperature and time of reaction. Based on analyses, the results showed the successful preparation of Ni/BC
with the characteristic of single nickel nanoparticles decorated on surface. The increasing specific surface area of
material was conclusively remarked the surface area enhancement by nickel dispersion along with the increased
surface acidity, suggesting that the material can be applied for acid catalysis applications. The Ni/BC exhibited ex-
cellent catalytic conversion of rice bran oil with the high selectivity toward diesel fraction with 85.3% yield and
92.6% selectivity.
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tivation, vegetable oils, such as sunflower oil,
soybean oil, palm oil, etc., are compatible as pro-
duction feedstock. Catalytic deoxygenation for
upgrading vegetable oil feedstocks into green
fuels, mainly green diesel is valued to be poten-
tial in the future.

In the sustainability perspective, the devel-
opment of low-cost technology by designing low-
cost catalytic process is also important. Cata-

1. Introduction

The increase in energy demand and the lim-
ited crude oil reserves are the main concerns in
recent years. These forced continuous efforts to
explore alternative and renewable fuel sources.
Progressive investigations have shown the feasi-
bility of biomass-based fuel produced by catalyt-
ic cracking processes. Due to the potency in cul-
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and platinum (Pt) are widely used and well-
known for hydrocracking mechanism. Beside of
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their activity and selectivity in the cracking
mechanism, the stability of active metals can
be achieved by their dispersion onto solid sup-
ports, mainly porous supports [1,2]. Within this
scheme, carbon-based catalysts especially bio-
char-based catalysts are recently proposed to
be sustainable and low-cost materials for ener-
gy preservation.

Palm fruit is the strategic agricultural plant
for some strategic industrial sectors in Indone-
sia and some Asian countries. Refer to sustain-
able development goal, many attempts are de-
veloped to enhanced the fruitful benefits from
the palm industries by designing a circular
economy route [3,4]. Beside of the use of palm
oil waste and sludge, the utilization of solid
waste is required to be intensified. Palm leaves
is one of the huge plant wastes in palm oil in-
dustry which usually used only for the animal
feed or natural fuel. Chemically, the lignocellu-
losic content in the leaves is potential to be de-
veloped for functional materials, one of these is
to be biochar. Many advantageous can be uti-
lized from the characteristics of the biochar
such as adsorbent in wastewater treatment,
and also being solid support material for many
active catalytic compounds [3]. Previous re-
search reported the economic competitiveness
of the green fuel production from vegetable oils
[5,6]. Biochar modified with metals; especially
transitional metals is widely developed in ca-
talysis area. For supporting catalytic in palm
oil-based industries for example, nickel-
supported biochar can be utilized as hydro-
genation-based processes. Based on these back-
grounds, in this research, preparation of nickel
supported biochar from palm leaves was firstly
reported.

The study was aimed to characterize the
physicochemical character of the nickel-
supported biochar as the basic information for
further applications as catalyst in vegetable oil
hydrocracking. Such instrumentations includ-
ing x-ray diffraction (XRD), Fourier-Transform
Infra-Red (FTIR), surface profile using scan-
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Figure 1. Schematic representation of Ni/BC
preparation.

ning electron microscopy along with elemental
analysis (SEM-EDX), and gas sorption analysis
were employed. For catalytic activity test, the
hydrocracking of rice bran oil (RBO) in a batch
reaction system was applied.

2. Materials and Methods
2.1 Materials

Palm leaves was obtained from West Kali-
mantan palm agricultural area. The leaves
were cleaned and chop to get smaller size.
Chemicals consist of nickel (II) chloride,
NaOH, HCI, acetic acid, pyridine and n-
butylamine were purchased from Merck
(Darmstadt, Germany). Nitrogen gas (N2) in ul-
tra-high purity specification was supplied by
PT. Samator Indonesia.

2.2 Preparation of Ni/BC

Ni/BC was prepared by mixing the chopped
palm leaves with NiClz solution until the Ni
concentration set at 10 wt% in the composite.
The mixture was dried in the oven before was
pyrolyzed at the temperature of 500 °C for 1 h
under N2 gas flow. For comparison purposes,
the unmodified-biochar (BC) was prepared
with similar method but without any nickel
mixing prior the pyrolysis step. Figure 1 pre-
sents the scheme of Ni/BC preparation.

2.3 Physicochemical Characterization

The physicochemical properties of the sam-
ples were characterized using field emission-
scanning electron microscope (FE-SEM), trans-
mission electron microscopy (TEM), x-ray dif-
fraction (XRD), gas sorption analysis, and Fou-
rier Transform Infra-Red (FTIR). A Phenom X
instrument (US) was employed for SEM analy-
sis, while TEM images were taken from JEOL
TEM 2010 transition electron microscope oper-
ated at the applied voltage of 200 kV. XRD of
XPERT-PRO with a Ni-filtered-Cu Ka radia-
tion (A = 0.154060 nm) was utilized for analysis
with the range of 2-75°. A Thermonicolet Ava-
tar Spectrophotometer (Madison, USA) was
employed to examine FTIR spectra for identify-
ing the changes of surface functional groups of
the materials. Differential thermal analysis-
gas sorption analysis (DTA-TGA) was per-
formed on Seiko DTA/TGA-300.

2.4 Analysis of Acid Analysis and Surface Acid-
ity

Acid group analysis was carried out by im-
mersing 0.1 gram of biochar into 25 mL of each
solution of 0.05 N NaHCOs3s, 0.05 N Na2CO3s and

Copyright © 2023, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 18 (1), 2023, 27

NaOH 0.05 N. The mixture was allowed to
stand for 24 hours and filtered. A total of 5 mL
of each filtrate was pipetted and put into an Er-
lenmeyer then added an excess of 0.05 N HCl
solution (10 mL) and 2-3 drops of indicator. The
analyte was back-titrated using 0.05 N NaOH
[7].

Surface acidity of the samples was deter-
mined by using quantitative and qualitative
method. The total surface acidity was deter-
mined by using back titration method using
n-butylamine as base probe. The samples were
mixed with excess amount of n-butylamine so-
lution followed by stirring for 6 h for complete
adsorption, and the rest of unadsorbed
n-butylamine was determined by using acetic
acid solution as standard solution. The total
acidity was measured as mmol equivalent of
acid to mass of the sample (mmol/g). Qualita-
tively, the ratio of Lewis to Brensted acid (L/B)
of the samples was calculated by the pyridine
adsorption method. For the analysis, dried
samples were evacuated in by vacuum pumped
prior the pyridine vapor exposed in a desicca-
tor. The pyridine adsorption was performed
overnight, followed by analysis using Fourier-
Transform Infra-Red (FTIR) analysis. The L/B
value was calculated by using Equation (1) [8]:

L _ Intensity of peak at wavenumber of 1450 cm™ 1
B Intensity of peak at wavenumber of 1540 cm™

2.5 Catalytic Activity Test

The prepared Ni/BC sample was examined
as catalyst in RBO hydrocracking in a batch re-
actor. Particularly, for each testing the mixture
of 0.2 g of catalyst and 25 g of RBO was set-up
at a hydrogen pressure of 0.5 kPa. The reactor
was then heated at set-up temperature for cer-

*: Ni NPs
C: crystoballite

Intensity (a.u.)
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Figure 2. XRD patterns of BC and Ni/BC.

tain time of reaction. For all the experimental
runs, the liquid from the reaction result was
collected for furthermore analyzed with gas
chromatography-mass spectrometry (GCMS).
To characterize the product samples, 10 pL of
the sample was filtered and then transferred
into a GC-MS sample holder. The analysis was
performed using Shimadzu on HP5 column (30
m X 0.25 um ID X 250 pm) with argon used as
the carrier gas. The activity of catalyst (%) and
selectivity (%) of the reaction to produce gaso-
line (C5-Cio), kerosene (C11-Ci6) and diesel frac-
tion (C17-Cg4) were determined by using Equa-
tions (2) and (3).

A
Yield (%) = —S=% " 100% ©@)
total mF
.. A
Selectivity (%) = L x100% 3)
AC.G —Coy

where, Acs.co4 is the peak area of products with
total carbon of 5 until 24, A is total peak ar-
ea from GC measurement, mr is mass of liquid
product, mris mass of feed (RBO), and A; is
peak area of intended product (gasoline (Cs-
Ci0), kerosene (C11-Ci¢), or diesel fraction (Ci7-

Ca4)).

3. Results and Discussion
3.1 Physicochemical Characterization of Ni/BC

Powder XRD patterns for the BC and Ni/BC
are recorded in Figure 2. The specific pattern
of biochar is broad peak at 20 ranging at 20°—
30° refer to the small dimensions of crystallites
perpendicular to aromatic layers and the struc-
ture of aromatic layers (graphite 002). In addi-
tion, sharp peaks are found at 260 of 26° and
27° implying the miscellaneous inorganic com-
ponents of cristobalite and calcite, respectively.
Both minerals are related with that both com-
pounds are the main constituent of agricultural
media [9,10].

The XRD pattern of Ni/BC demonstrates
the dispersed the nickel nanoparticles as indi-
cated by the peaks at 26 of 45°, 52.3°, and 77.4°
refer to JCPDS: 03-1051 [11]. The reflections
are associated with nickel with a structure of
a-FCC with planes of 111, 200, and 222 suggest
the single nickel nanoparticles dispersed onto
biochar surface [11-13].

The change of the structure is reflected by
the SEM images presented in Figure 3. BC
sample shows a characteristic of the biochar
consisting some hole of the surface represent-
ing the provided pores created by heating the
lignocellulosic structure in biomass [14-17]. Af-
ter modified with Ni, some lighter spots are
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Figure 3. Surface images of (a-b) BC with different magnification (c-d) Ni/BC with different magnifica-
tions.
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Figure 4. EDX spectra of BC and Ni/BC.
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found on surface implying the dispersed Ni na-
noparticles (Ni NPs). This is also reflected by
EDX results in Figure 4. with elemental compo-
sition presented in Table 1. It is noted that the
morphology of the dispersed Ni is different with
similar material in previous work [18] which
showed nanorods morphology. The different Ni
concentration may affect to the crystallite
growth of Ni NPs on the surface. By using
Scherer equation presented elsewhere, the cal-
culated nickel crystallite size from those peaks
1s 46 nm [19].

To ensure the dispersed nickel in the Ni/BC,
TEM analysis was performed. TEM and
HRTEM images and SAED pattern are pre-
sented in Figure 5. As can be seen from Figure
5(a) and 5(b), the dispersed spherical spots
with the particle size ranging at 20-30 nm are
identified in Ni/BC as the indication of the dis-
persed Ni nanoparticles, meanwhile the spots

~

. .
A s N *; N g 2 =
-~ Ky S TR LA S

are not existed in the BC surface. By HRTEM
analysis, the appeared fringes with the con-
stant distance of 0.21 nm which associated
with (111) space. In addition, the nanocrystal
structure of Ni is reflected by two rings in the

Table 1. Elemental analysis of BC and Ni/BC
from EDX analysis.

Percentage in (wt%)

Element BC Ni/BC
) 10.81 29.19
Ca 0.33 0.11
C 18.17 31.21
Al 12.42 7.57
Si 12.07 12.27
K 8.73 2.46
Fe 6.78 4.60
Mg 0.68 0.93
Ni n.d 9.93

(b)

Figure 5. (a) TEM image of BC; (b-d) TEM, HRTEM images and SAED pattern of Ni/BC, respectively.
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SAED pattern as a result of the close values of
d-spacing associated with the lattice spacings
of (111) and (220) (Figure 5(d)).

In addition, the effect of Ni attachment into
the BC structure is also confirmed by some
shifting of the functional groups which are as-
sociated with the change of binding energy of
each atom presented by the FTIR analysis. The
spectra are presented in Figure 6. From Figure
6, it is seen that the spectrum of Ni/BC is not
significantly different with the spectrum BC.
There are some peaks associated with the char-

3421

Transmitance (a.u.)
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4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cn™)

Figure 6. FTIR spectra of BC and Ni/BC.
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acteristics of biochar such as the peak at
around 3420-3436 cm™! together with peaks at
1036-1044 cm™! indicating the presence of wa-
ter contained in the materials. The peak at
around 1560-1585 cm~! which is the indication
of C=0 functional groups and the peaks at fin-
ger print (400-500 cm~!) as the indication of the
attached Ni into BC support [20-22]. The an-
chored Ni onto biochar structure is appeared
from the shift of 3421 and 457 cm~! peaks into
the higher wavenumber as representation of
the Ni-bonding causing higher vibration energy
which is also reflected by the higher wave-
number of C=0 peak.

Effect of nickel loading on biochar in Ni/BC
on the surface profile was measured by using
gas sorption analysis. Adsorption-desorption
isotherm plots of Ni/BC in comparison with BC
are depicted in Figure 7, and the calculated pa-
rameters based on the isotherm data are listed
in Table 2. From isotherm plots (Figure 7(a)) of
both BC and Ni/BC samples fit with type I of
the IUPAC adsorption-desorption isotherm
classification as the isotherms are parallel and
horizontal parallel over the relative pressure
range. The isotherm suggests that these mate-
rials have small mesopores and many mi-
cropores in their structure. This is also implied
by the pore distribution determined from nitro-
gen desorption isotherms by the Barret-Joyner-

th Y N ®

dV/dr

5 10 15 20 25 30
Pore radius (nm)

Figure 7. (a) Adsorption-desorption profile and (b) pore size distribution of BC and Ni/BC.

Table 2. Surface parameters obtained from gas sorption analysis of BC and Ni/BC.

Parameter BC Ni/BC
Specific surface area (m2/g) 3.92 26.8
Pore volume (cm?3/g) 1.64%x1073 3.75x10-3
Pore diameter (nm) 16.36 18.08
Total acid group (meq/g) 24.6 24.85
Total surface acidity (mmol/g) 2.27 2.31
L/B 1.01 1.09
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Halenda (BJH) presented in Figure 7(b) ex-
pressed the dominant pore diameter of around
2-5 nm in both materials, and calculated pore
diameters for BC and Ni/BC are 16.36 and
18.08 nm, respectively. In more detail, the
Ni/BC sample shows higher adsorption capabil-
ity as the adsorbed volume is higher at all P/Po
and pore radius ranges. The higher values of
specific surface area and pore volume parame-
ters are consequently obtained (Table 2).

An increasing specific surface area of mate-
rial was found by Ni dispersion from 3.92 m2/g
to 26.80 m2/g. It is in line with the surface mor-
phology change suggesting the larger surface
can adsorb nitrogen gas in the analysis method
[23,24]. The higher volume capacity at the an-
chored nickel in the pores is related with the
swelling capability of lignocellulosic decomposi-
tion during gasification/pyrolysis with the pres-
ence of nickel. In addition, impregnated nickel
does not block the porosity, and this is similar
with the trend reported by previous works
[25,26].

The adsorption properties of the biochar are
very influenced by the presence of an oxide
group on the carbon surface. Oxide group on
the surface of biochar can acidic can be deter-
mined by titration. Acidity of the carbon sur-
face can be detected by the neutralization pro-
cess using NaHCOs solution. Na2COs, and
NaOH. It is based on assumption that NaHCOs3
only neutralizes the carboxyl group on the car-
bon surface, NasCOs neutralizes the carboxyl
group, lactones, and phenol groups. Character-
ized by using the Boehm titration method (back
titration) and supported by analysis using
FTIR. Total acid groups on surface modification
of biochar before and after the modification is

—BC
—Ni/BC

1540 cm™

—q
1450 cm

Transmitance

3
Transmitance

BA

'l
=
ks

1550 1500 1430

3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 8. FTIR spectra of pyridine-adsorbed
samples (LA: Lewis acid, BA: Brensted acid).

determined through the Boehm titration meth-
od as shown in Table 2.

The results show that the of activated car-
bon BC contains 24.60 meq.g-! total acid group.
However, after the biochar was modified using
metal N1 (Ni/BC), the results showed an in-
crease in the total acid group by 24.85 meq.g™1.
This shows that by modifying the addition of
Ni metal to biochar has extended the number
of oxygen functional groups such as O—H, C=0,
and C—OH. These results were relevance with
the FTIR spectra of activated carbon under ni-
tric acid (Figure 5) with appearing new peaks
at bands 1560-1585 cm~! which is an indication
of the C=0 functional group and the peaks on
the fingerprint (400-500 cm™1) as an indication
of the presence of Ni metal on the surface of bi-
ochar.

Effect of immobilization of nickel in Ni/BC
to the surface acidity is represented by the sur-
face acidity measurement quantitative and
qualitatively. The total acidity values counted
as mmol of n-butylamine per mass of the cata-
lyst (mmol/g) and the L/B ratio are also pre-
sented in Table 2. The L/B ratio is measured
based on the FTIR spectra presented in Figure
8. Both samples show the absorption band at
around 1450 cm~! and 1540 cm~! which are cor-
responding to the Lewis and Brensted interac-
tion of pyridine with available acid species, re-
spectively [27,28]. It is seen that both total sur-
face acidity and L/B of Ni/BC are higher com-
pared to BC. The data represented that the
presence of Ni on surface affect to the capabil-
ity of surface to adsorb pyridine in Lewis inter-
action due to the possibility of electron pair or
Lewis base site to bind with the d-orbital of Ni.

In order to make sure the stability of the
Ni/BC for hydrodeoxygenation reaction until
500 °C, DTA-TGA analysis was performed, and
thermogram is presented in Figure 9. Accord-
ing to TGA performance, fast weight loss up to

100
0=
Endo up ]
T 2- 80
- S
1 <
S -4 80 -,
= 2
=] =
2 61 40 &
g ] =
= 8. o
— -84
é‘,‘ ] 20 B
-104

L) L) L) L) L) L) 0
100 200 300 400 500 60O 700
Temperature (C)

Figure 9. TGA-DTA of Ni/BC.
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115 °C is identified due to the removal of sur-
face adsorbed water. Afterwards, the increas-
ing temperature is not significantly influencing
the mass of the sample. The TGA pattern is in
line with the DTA pattern that demonstrates
the exothermic change refer to the loss of water
weight, and consumed energy increased at the
elevated temperature. Overall from both TGA
and DTA profile, a stable Ni/BC at the range of
200-500 °C is mainly concluded, meaning that
there is no subsequent decomposition of carbon.

3.2 Catalytic Activity of Ni/BC

The catalytic activity of Ni/BC was evaluat-
ed in the RBO hydrodeoxygenation under var-
ied temperature and time of reaction. Initial
evaluation of the chemical composition of RBO
was performed by GC-MS analysis to the meth-
ylated RBO with the chromatogram depicted in
Figure 10, and the composition is listed in Ta-
ble 3. From the analysis, it is seen that oleic ac-
1d (69.83%) and palmitic acid (25.62%) are the
major components of RBO, and other com-
pounds of oleic acid, stearic acid, and lignoceric
acid are presented as the minor component.
Figure 11 presents the effect of temperature on
the yield (%) and selectivity to kerosene frac-
tion (C11-Cis), and diesel fraction (C17-Ca4), from
the reaction performed for 1 h.

At initial stage, the catalytic activity test to
BC was conducted, and the reaction results
were dominated by coke with small amount of
hydrodeoxygenation result (<10%). Conclusive-
ly, the presence of nickel in Ni/BC is the major
cause of the increasing yield. Refer to theoreti-
cal approach of heterogeneous catalysis mecha-
nism, the specific surface area and surface

1: myristic acid I
2: palmitic acid ‘ |
3: oleic acid ‘
4: stearic acid ‘
5: arachidic acid |
6: lignoceric acid ‘ |

TIC

10 15 20 25 min
Retention time (min)

Figure 10. GC analysis results of RBO sample.

Table 3. Composition of RBO.

Peak No. Compound Percentage (%)

1 Myristic acid 0.40
2 Palmitic acid 25.62
3 Oleic acid 69.83
4 Stearic acid 0.82
5 Arachidic acid 1.20
6 Lignoceric acid 0.53

acidity facilitated by nickel dispersion. These
assumption is strengthened by study on the ef-
fect of temperature to the yield of reaction.
From Figure 11(a), it is seen that increasing
temperature accelerated the catalytic perfor-
mance as the higher yield obtained. This trend
is in same trend with other vegetable oil deoxy-
genation over Ni-based catalyst which associat-
ed with the activated surface reaction between
oil and catalyst surface [18,29]. In more detail,
the compositional analysis to the products de-
scribes the different selectivity as produced by
the different temperature (Figure 11(b)). The
liquid product obtained at the reaction temper-
ature of 200 °C and 300 °C are diesel fraction
(C17-C24), meanwhile by the increasing temper-
ature into 400 °C, the kerosene fraction prod-
ucts found. Mass spectrometric (MS) analysis
to the liquid products obtained at 200 °C re-
vealed that it is 16.5% of the liquid product is
mainly diesel fraction and the rest heavy frac-
tion of hydrocarbon (C>24). At higher tempera-
ture (400 and 500 °C), other smaller carbon
products in kerosene fraction were produced
which the selectivity of kerosene from 500 °C is
higher than that of 400 °C. From MS analysis,

(a)

200 300 400, 500
Temperature ("C)

T
500 (b) ‘ [ IDiesel
7777 Kerosene

400 ‘

(s
=
=

Temperature (°C)

200 |

20 40 60 80 100
Selectivity (%)

(=1

Figure 11. Effect of reaction temperature on (a)
yield and (b) selectivity.
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it found that the reaction product is a mixture
of n-alkanes, and those from n-Cis up to n-Cis
(mainly n-Ci7) as the major components of the
liquid product mixture. Detail analysis to the
liquid product revealed that the compounds of
dodecene, hexadecane, heptadec-8-ene, 1-
Octadecene were detected. Figure 12 and Table
4 show the GC-MS analysis of the selected re-
sult. The presence of these compounds implies
that hydrogenation, and generally deoxygena-
tion mechanism including hydro-
decarboxylation occurred at the temperature of
200 °C and 300 °C, and in addition, the hy-
drocracking is identified at the higher tempera-
ture.

The mechanism is supported by the results
from the study of the effect of time of reaction
to the yield and selectivity that are presented
in Figure 13. The yield obtained from the reac-
tion at 200 °C shows that the increasing time
clearly contributed to the increasing yield,
meaning that the higher volume of liquid prod-
uct obtained. In more detail, diesel fraction is
dominant component of the product of 1 and
2h, meanwhile by continuing the reaction until
3h, the kerosene fraction is obtained. Moreover,
the smaller hydrocarbons in kerosene fraction
of the yield from 3h reaction are the indication
of hydrocracking mechanism as the continuing
mechanism in a batch reaction system. Based

™ T oy

L

10.0 15.0 20.0 25
Retention time (min)

Figure 12. Chromatogram of hydrocracking
result on Ni/BC catalyst [Time: 2 h, T: 500 °C)

Table 4. Composition of result (T: 500 °C, time:
2 h).

Peak No. Compound Percentage (%)

1 Olealdehyde 10.44
2 n-Pentadecane 7.14
3 9-Octadecene 4.99
4 Allyl stearate 6.65
5 Methyl oleate 5.83
6 1-Nonadecene 27.35
7 1-Octadecanol 6.47
8 9-Octadecenal 10.99
9 9-Octadecen-1-ol 16.27
10 Tetracosenoic 3.85

acid methyl ester

on MS analyses to the compounds and consid-
ering that oleic acid is the dominant compo-
nent of RBO, the general mechanism of hydro-
deoxygenation can be described in some previ-
ous works [29].

Conclusively, the Ni/BC catalyst showed the
selectivity to produce diesel fraction or usually
called as green diesel regarding to the domina-
tion of hydrogenation and hydro-
decarboxylation mechanism. At the higher
temperature, even though there is reduced se-
lectivity, but the tendency to produce green
diesel is still dominant with increasing yield of
reaction.

The possible mechanism and yield hydrode-
oxygenation demonstrated in this work are
similar with was reported in palm oil hydrode-
oxygenation by Ni-MoSg2/y-Al2O3 [31] and
v-Al203 supported Ni-Mo Catalysts [32]. Table

804 (@)

0 1 23 4
Time of reaction (h)

B Dicsel (b)
1 | | Kerosene

ad

Time of reaction (h)
(3]

20 40 60 g0 100
Selectivity (%)

Figure 13. Effect of time of reaction on (a) yield
and (b) selectivity.
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5 lists comparison on catalytic activity of pre-
pared catalyst in this work with other Ni-based
catalyst for vegetable oil hydrodeoxygenation.
From the comparison it is implied that that the
prepared catalyst in this work has remarkable
selectivity for producing green diesel.

4. Conclusion

Nickel-decorated biochar from palm leaves
has been successfully synthesized with one-pot
synthesis method. From XRD and TEM anal-
yses, it was obtained that single phase of Ni
NPs was identified on surface, meanwhile from
SEM-EDX and gas sorption analysis, the en-
hanced surface area was created. The obtained
material showed the enhanced performance re-
lated with specific surface area and surface
acidity that facilitate the catalytic activity in
rice bran oil hydrodeoxygenation.
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