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Abstract

Synthesis of mesoporous carbon from merbau sawdust with H202 as activator using reflux method followed by car-
bonization at 800 °C (RC800) had been carried out. This research is aiming to produce effective pathway to synthe-
size effective nickel-mesoporous carbon catalyst. The nickel metal was impregnated on the mesoporous carbon by
wet impregnation using the salt precursor of Ni(NOs)2:6H20. The results showed that carbon RC800 and C800 had
a specific surface area of 135.18 and 182.48 m2/g. Specific surface area of Ni/RC800 and Ni/C800 catalyst were
41.31 and 7.15 m?/g, respectively. The metal content in Ni/RC800 and Ni/C800 catalyst were 0.83 and 0.92 wt%,
respectively. Ni/RC800 catalyst had the highest acidity (7.64 mmol/g) compared to Ni/C800 catalyst (6.99 mmol/g),
RC800 (97.43 mmol/g), and C800 (6.17 mmol/g). The Ni/RC800 catalyst has the highest activity with the liquid
product conversion of 66.01 wt%. Its selectivity towards gasoline fraction, diesel fraction, alcohol, and organic was
8.06, 1.17, 2.61, and 54.13%, respectively.
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1. Introduction tial for commercial use as these sources con-
tains relatively high content of triglycerides
that can be converted into hydrocarbon fuel [2-
3]. However, edible vegetable oils cannot be cul-
tivated into fuels as they compete with food de-
mand [2-4]. Therefore, non-edible vegetable oil
such as Castor oil (Ricinus communis L.) could
be used as alternate source, as this oil is not
suitable for consumption because it contains ri-
cin and ricinin (two highly toxic proteins). [5-

The search for alternate hydrocarbon fuel
source has been major global challenge. Accord-
ing to British Petroleum, the global oil con-
sumption rose from 3.93 billion tonnes to 4.33
billion tonnes in 2005-2015 period, it could be
predicted that the rising trend would likely to
happened. [1] Vegetable oils posed great poten-

* Corresponding Author. IOJ. Castor oil also contaips 80-90% ricinoleic
Email: wegats@ugm.ac.id (W. Trisunaryanti) acid that can be converted into hydrocarbon [9].

berec_12940_2021 Copyright © 2022, ISSN 1978-2993; CODEN: BCRECO



https://creativecommons.org/licenses/by-sa/4.0
https://doi.org/10.9767/bcrec.17.1.12940.216-224
https://bcrec.id
https://crossmark.crossref.org/dialog/?doi=10.9767/bcrec.17.1.12940.216-224&domain=pdf

Bulletin of Chemical Reaction Engineering & Catalysis, 17 (1), 2022, 217

Converting castor oil into hydrocarbon can be
done through hydrocracking process. [8-10].

Hydrocracking uses heterogenous catalyst to
provide efficient path for vegetable oils conver-
sion into fuel [10-12]. Mesoporous catalyst sup-
port has been widely used in heterogenous cat-
alyst system, such as silica-alumina [8,13], sili-
ca [14,15], and activated carbon [3, 16]. Among
all the candidates, activated carbon promised
great potential as this material is cheap, has
thermal stability, and have functional groups
that can bind with metal and feed in hy-
drocracking process.

Activated carbon could be produced from
cheap materials such as wood sawdust from
wood cutting factory as they contain lignin and
cellulose [17-19]. Not only activated carbon
could be produced from cheap source, but they
also have wide versatility towards pore modifi-
cation. Hydrocracking process demands cata-
lyst that has low limitation of feed mass trans-
fer into its active sites. The size of lipid mole-
cule that is normally larger than 2 nm is too
large for micropore, hence, the diameter of the
catalyst should be at least in mesoporous range
[20]. The synthesis of mesoporous carbon can
be done in the activation process of the materi-
al [21-23]. Hydrogen peroxide was known in
previous study that it can gives large number
of functional groups and produced highly po-
rous carbon, compared to KOH and HsPO4 [24].
The activation of carbon can be done using
H20:2 under reflux conditions, where H202 can
create oxygenated functional groups while cre-
ating more pores of activated carbon [24]. The
H20: as an oxidizing agent can oxidize carbon
deposits that cover pores and thus when heat-
ed, it can open more pores of activated carbon.
Although activated carbon has functional
groups that can act as catalytic acid site, metal
impregnation is still needed as metal could in-
crease the catalyst acidity, hence could gives
better performance in hydrocracking [25]. Nick-
el was known in our previous study that it has
good selectivity towards gasoline fraction prod-
ucts [26]. No research has yet confirmed that
activated carbon from H:202 activation and its
impregnated state is suitable for hydrocracking
application of vegetable oil, such as castor oil.

In this research, homogeneous and hetero-
geneous catalysts were used for the hy-
drocracking process. Homogeneous catalyst in
the form of mesoporous carbon which synthe-
sized from merbau sawdust with carbonization
at 800 °C (C800) and mesoporous carbon acti-
vated with H202 using reflux method followed
by carbonization at 800 °C (RC800). Heteroge-
neous catalysts were in the form of C800 and

RC800 catalyst with 1% Ni metal, which fur-
ther were called Ni/C800 and Ni/RC800. The
catalyst hydrocracking performance was tested
towards castor oil.

2. Materials and Methods
2.1 Materials

Merbau sawdust was collected from
Manokwari Regency, West Papua, Indonesia.
Castor oil was purchased from local store.
Ni(NOs3)2:6H20 and H202 were purchased from
Merck. The gases used in this research (N2 and
Hs) were supplied by PT Surya Indotim Imex.

2.2 Characterization Instruments

The functional groups of all samples were
elucidated using Fourier Transform Infra-Red
Spectroscopy (FTIR, Shimadzu Prestige-21)
equipped with data station in the range of
4000-400 cm-! with a KBr disc technique. The
surface parameters (surface area, pore diame-
ter, and total pore volume) of all samples were
measured using Gas Sorption Analyzer (GSA,
NOV-1200e Quantachrome), the surface areas
were calculated by the Brunaeur-Emmett-
Teller (BET) method, and the pore size distri-
butions were calculated by the Barret-Joyner-
Halenda (BJH) method. The surface morpholo-
gy of the catalysts and their nickel content
were taken using a Scanning Electron Micro-
scope (SEM-EDX, JEOL JSM-6510LA). The X-
Ray Diffraction (XRD, X’Pert PRO PAN analyt-
ical) was used to observe the crystallinity of the
catalysts. The liquid products of hydrocracking
process were analyzed using Gas Chromatog-
raphy-Mass Spectrometry (GC-MS, Shimadzu
QP20108S).

2.3 Procedures

2.3.1 Synthesis and characterization of meso-
porous carbon C800 and RC800

The synthesis of activated carbon, named
C800, was carried without reflux. The dried
merbau sawdust was immediately carbonized
at 800 °C for 2 h under nitrogen gas flow of 20
mIL/min. Mesoporous carbon synthesized from
merbau sawdust by carbonization at 800°C.

The synthesis of mesoporous carbon, named
RC800, was carried out through reflux using
H20:2 as chemical activator. First, the sawdust
of merbau wood (250 g) was dried using oven at
105 °C for 3 h. Then, 15 g of the dried wood
was refluxed with 90 mL H202 at 100 °C for 1
h. The product then filtered and washed thor-
oughly with deionized water until the pH 1is
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neutral, and then dried again at 105 °C for 24
hours. The dried product were carbonized at
800 °C for 2 h under nitrogen gas flow of 20
mL/min.

2.3.2 Preparation of Metal Impregnated Car-
bon Catalyst

The carbon synthesized from previous meth-
ods, C800 and RC800, were used as support
material for nickel impregnation. Exactly,
0.0495 g of Ni(NOs)2-6H20 salt was dissolved in
30 mL deionized water. The solution was added
with 1 g of carbon that had been sieved 80
mesh and subsequently stirred with a magnetic
stirrer at 80 °C for 2 hours, and then dried at
105 ° C for 7 hours. The dried catalyst was cal-
cined at 400 °C for 3 hours under nitrogen gas
flow of 20 mI/min and reduced at 400 °C for 3
hours under hydrogen gas flow of 20
mL/minute.

2.3.4 Acidity test of carbon and catalyst

The acidity test was determined quantita-
tively using gravimetric method. This method
compares the weight of catalyst before and af-
ter adsorption of ammonia gas (NHs), in which
the measurements is based on the amount of
ammonia gas absorbed by the catalyst, which
assumed to be relatively equivalent to the num-
ber of catalyst acid sites. The acidity of the cat-
alyst can be calculated by Equation (1).

w, — W,

Acidity = x 1000 mmol/ g

(w2 - wl )'MWammonia (1)

where, w1 is weight of empty porcelain crucible
(g), w2 is weight of porcelain crucible contain
dried catalyst (g), ws denotes weight of porce-
lain crucible and sample after adsorption (g),
and MWammonia 1s equal to 17.0303 g/mol.

2.3.5 Castor oil hydrocracking

Hydrocracking process was carried out by
placing 0.1 g of catalyst and 3 g of liquid feed
(castor oil) in a stainless steel semi-batch reac-
tor at 400 °C under hydrogen gas flow of 30
mL/min for 2 h. The liquid fraction product
were weighed and then analyzed using GC-MS
instrument to determine the catalyst selectivity
towards short range of hydrocarbon products.
Yield of reaction products were calculated as:

Yield of Residue = &xIOO% 2)
w, (
Yield of Liquid fraction = Le x100% (3)
wy

Yield of Coke = %c2~%c1 4100%

w, )
Yield of Gas = 100% — Yield of (Liquid Fraction
+ Coke + Residue) 5)

Yield of Gasoline = (% Area of Cs to Ci2) X Yield
of Liquid Fraction (6)

Yield of Diesel Oil = (% Area of Cis to Csg) X
Yield of Liquid Fraction (7)

Yield of Alcohol = (% Area of Alcohol) x Yield of
Liquid Fraction (8

Yield of Organic = (% Area of C.H,0.) x Yield of
Liquid Fraction 9

where, wu is weight of unconverted the feed, wr
is weight of the feed, wc: is weight of the cata-
lyst before hydrotreatment, and wcs denotes
weight of the catalyst after hydrotreatment.

3. Results and Discussion

3.1 Synthesis and Characterization of Meso-
porous Carbon

The characterization results of merbau saw-
dust, C800, and RC800 using FT-IR are pre-
sented in Figure 1. The absorption peaks of
merbau sawdust at wavenumber 3402 cm-!
showed the existence of O—H stretching vibra-
tion from the hydroxyl group, the peak of 2924
cm-! showed the presence of C—H stretching vi-
bration from the alkane, the peak of 1620 cm-!
showed the existence of stretching vibration of
C=C double bond alkene. Whereas, the absorp-
tion peaks of C800 and RC800 also showed
O-H stretching vibrations from the hydroxyl

1620

1381
3450 N

7 (e)

Transmitance (a.u.)
) |
|
¢
J
[ [
T X 3 hY
/ / J
) 5
NG

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 1. IR spectra of (a) merbau sawdust, (b)
C800, (c) RC800, (d) Ni/C800, (¢) Ni/RC800
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group at wavenumbers 3448 and 3425 cm,
stretching vibrations of C=C aromatic at peaks
of 1620 cml. The peaks of 1319 cm! on the
C800 and RC800 showed the presence of
stretching vibrations of C—0. The presence of
C=C aromatic and some functional groups, as -
OH and C-0, confirmed that activated carbon,
C800 and RC800, has successfully synthesized.

The adsorption isotherm of merbau sawdust
is showed in Figure 2. The pattern was follow
type III isotherm, which showed that the
merbau sawdust was material with relatively
weak adsorption strength. The adsorption iso-
therm graphs of C800 and RC800 are also pre-
sented in Figure 2. The patterns followed type
IV adsorption isotherm. It showed that C800
and RC800 carbon were mesoporous materials.

The results of GSA analysis from merbau
sawdust, C800 and RC800 showed in Table 1.
The specific surface area of C800 and RC800
were much higher than merbau sawdust. It
showed that pore formation in C800 and RC800
was successfully formed. It was notable that
the specific surface area and average pore di-
ameter of the C800 were higher than RC800. It
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Figure 2. Isotherm adsorption graph of (a)
merbau sawdust, (b) C800, (c) RC800, (d)
Ni/C800, (e) Ni/RC800

was presumably due to the surface of RC800
being partially broken as a consequence of
H20: effect as an activator. Although hydrogen
peroxide was previously known to activate
charcoal and create pores, the concentration
that was used in this research was 4 times
more than the previous study, where it is sus-
pected to be too high [24].

Total pore volume of C800 and RC800 were
much higher than merbau sawdust proved that
the synthesis of C800 and RC800 was success-
ful. Total pore volume of RC800 (1.09 cc/g) in-
creased by 81.31% from C800 (0.60 cc/g). The
usage of H202 as an activator in reflux condi-
tions can increase the mesoporous carbon po-
rosity due to oxidation process of carbon depos-
its that cover the pores. Therefore, it can open
the pores of activated carbon when heated.
Carbon pores thus become free from organic
impurities (carbon deposits) and the properties
of active sites are enhanced accordingly [25].
The combination of high number of active sites
and bigger pore volumes were known to be ben-
eficial later in the metal dispersion across the
carbon matrix.

The average pore diameters of C800 and
RC800 carbon were 3.58 and 2.38 nm, respec-
tively. The values were within mesoporous
range, indicated C800 and RC800 was mesopo-
rous carbon. The pore diameter distributions of
C800 and RC800 are presented in Figure 3.
The dominant pore sizes of each carbon were
showed by its highest peak. It can be seen in
Figure 3. that activation using H202 causes tri-
modal distribution of pore distribution com-
pared to C800. The pore distribution patterns
of RC800 that is trimodal could indicating that
the pore formation mechanism of RC800 is dif-
ferent to the C800.

The SEM images with 1000 times magnifi-
cation of merbau sawdust, C800, and RC800
sawdust are presented in Figure 4. There were
only a few pores visible in merbau sawdust be-
cause majority of the pores were closed. Where-
as in C800 and RC800, the pores were seen

Table 1. Physical and chemical properties of the catalyst

Specific sur-  Average pore

Total pore

. Metal Content Acidity
Sample face area diameter volume (wt%) (mmol/g)
(m?/g) (nm) (cm?/g) v 5
Merbau sawdust 0.35 19.33 0.0017 - -
C800 182.49 3.58 0.6 - 6.17
RC800 135.18 2.38 1.09 - 7.43
Ni/C800 7.15 3.33 0.01 0.92 6.99
Ni/RC800 41.31 2.27 0.05 0.83 7.64
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with different size. C800 had larger pores than
RC800, it was presumably due to the surface of
RC800 being partially broken because of H20:
effect.

SEM image of RC800 showed a higher num-
ber of pores than that of C800. It was due to
the formation of new pores in RC800, presuma-
bly as a result of H2O2 usage. Higher number of
pores formed during synthesis process led to
the increase of the porosity of carbon, as shown
in GSA analysis data that total pore volume in
RC800 was higher than C800. The high porosi-
ty of mesoporous carbon will ultimately in-
crease the catalyst activity in hydrocracking
process.

The results of XRD analysis from merbau
sawdust, C800, and RC800 are presented in
Figure 5. Diffraction pattern from merbau saw-
dust was amorphous which is the property of
lignin. Peaks when 20 were 15.13 and 22.73 in-
dicated carbon with cellulose structure. Accord-
ing to ICDD data 00-012-0212, the peak of
C800 and RC800 appeared at 26.47 was carbon
with graphite structure. Both C800 and RC800
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s —— C800
4] ~ RC/800
B - Ni/C800
D125 \ —— Ni/RC800
E \
[
5 10.0 4
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@ 7.5
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Figure 3. Pore size distribution of (a) merbau
sawdust, (b) C800, (c) RC800, (d) Ni/C800, (e)
Ni/RC800

LPPT UGM

was successfully formed, marked by the disap-
pearance of cellulose structure and the for-
mation of new graphitic structure.

3.2 Characterization of N1/C800 and Ni/RC800
Catalysts

FTIR spectra of Ni/C800 catalyst was com-
pared with spectra of C800 carbon while spec-
tra of Ni/RC800 catalyst was compared with
spectra of RC800 carbon to determine the ef-
fect of Ni metal impregnation towards the cata-
lyst function groups as presented in Figure 1.
The absorption peaks of Ni/C800 and Ni/RC800
catalysts at wave number 3448 cm-! showed
the presence of O—H stretching vibration from
the hydroxyl group, peaks of 2862-2924 and
2931 cm! indicated the presence of C—-H
stretching vibrations from alkanes, peaks of
1620 cm! showed the stretching vibration of
C=C alkene double bond, and peak of 1381 c¢m!
showed the existence of a stretching vibration
of C—0O. Those functional groups were also
found in C800 and RC800 carbon. In addition,
C-0O stretching vibrations of Ni/C800 and

Intensity (a.u.)

Figure 5. The diffractogram of (a) merbau saw-
dust, (b) C800, (c) RC800, (d) Ni/C800, (e)
Ni/RC800

Figure 4. The SEM images of (a) merbau sawdust, (b) C800 and (c) RC800
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Ni/RC800 catalysts were found at wavenumber
1381 cm-l, while C—O stretching vibrations of
C800 and RC800 carbon were found at wave-
number 1319 cm-l. The various wavenumbers
were possibly caused by the effect of Ni metal
impregnated on the carbons.

The results of catalyst diffractogram is pre-
sented in Figure 5. Addition of metal peak was
not found in diffractogram data, indicating that
impregnated nickel metal in C800 and RC800
were distributed evenly and exist as small
amorphous particles [27]. The identification of
nickel metal were carried out using SEM-EDS.
The percentage of Ni metal which successfully
impregnated onto N1/C800 and Ni/RC800 cata-
lysts can be obtained from SEM-Energy Disper-
sive X-Ray Spectroscopy (SEM-EDS) data. The
theoretical calculation of Ni metal content in
each catalyst was 1 wt%. The results is pre-
sented in Table 1, where the Ni metal content
in N1/C800 catalyst was 0.92 wt%, while in
Ni/RC800 was 0.83 wt%.

The results of acidity test on C800, RC800,
Ni/C800, and Ni/RC800 were showed in Table
1. It shows that impregnation of Ni metal could
increase the acidity of catalyst. This was due to
the presence of Lewis acid sites possessed by Ni
metals, thus could increase the acid sites of
mesoporous carbon. The acidity level was used
to determine which catalyst had better catalyt-
ic properties in hydrocracking reactions.
Ni/RC800 catalyst had the highest acidity, con-
sequently this catalyst was expected to have
high catalytic activity in the hydrocracking pro-
cess.

Metallic Ni impregnated onto C800 and
RC800 mesoporous carbon caused the decrease
of specific surface area, average pore diameter,
and total pore volume of N1/C800 and Ni/RC800
catalysts as shown in Table 1. It was due to the
blocking of mesoporous carbon pores by Ni met-
als. The 1isotherm graph of N¥/C800 and
Ni/RC800 catalysts followed type IV of adsorp-
tion isotherm pattern. It showed that the cata-
lysts (N1/C800 and Ni/RC800) were mesoporous
material, as presented in Figure 2. Further-

Table 2. The distribution of hydrocracking product

more, the pore distribution curves of the cata-
lysts in Figure 3 showed that both catalysts
had high pore uniformity in mesoporous area.
The Ni/C800 catalyst was dominated by pores
with diameter of 3.24 nm while Ni/RC800 was
dominated by pores with a diameter of 3.94
nm. In accordance with the SEM image results
of catalyst previously, the specific surface area
and total pore volume of Ni/RC800 catalyst
were higher than Ni/C800 catalyst. A catalyst
with high specific surface area and total pore
volume has higher possibility to have good cat-
alytic activity in the hydrocracking process.

3.3 Castor Oil Hydrocracking

The liquid products generated by the cata-
lyst are presented in Table 2. Ni/RC800 cata-
lyst had the highest catalytic activity. It had
the highest liquid product conversion from the
castor oil hydrocracking process. This could be
reasoned by acidity that is highest among the
four catalysts. The pores in Ni/RC800 catalyst
were more open towards the feed. On the other
hand, N1/C800 has the lowest catalytic activity,
even when compared to C800 or RC800. The
major pore blackening in Ni/C800 could be the
culprit for this phenomenon. Surface area and
total pore volume of Ni/C800 catalyst were
very low compared to Ni/RC800, C800, and
RC800 catalyst. Although the difference of lig-
uid product produced from each catalyst was
quite slim, there is unique case where there is
major improvement in liquid produced after
nickel impregnation onto RC800 despite its
surface area suffering huge drop. This phenom-
enon could be caused by the location of the
nickel that served as active sites was easily
reached by the feed, lowering the mass transfer
resistance that exist prior to diffusion of feed
into catalyst [2].

Table 3 shows the catalyst selectivity to-
wards liquid products based on GC-MS analy-
sis. Although Ni/RC800 has the highest liquid
yield, its product content was mainly organic,
and it is the highest compared to the other cat-
alysts. It seems like the impregnation of Ni

Conversion (wt%)

Catalyst Residue Total Conversion
Liquid Gas Coke (wt%) (Wt%)

C800 60.13 38.29 0.13 1.45 98.55

RC800 52.56 44.57 1.51 1.36 98.64

Ni/C800 52.22 45.39 0.49 1.90 98.10

Ni/RC800 66.01 32.80 0.90 0.29 99.71
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metal in RC800 was favoring the formation of
organic fraction. This phenomenon could hap-
pen because of poor porosity properties of
Ni/RC800 despite having additional acid active
sites.

Although RC800 has better porosity proper-
ties and milder acidity compared to Ni/RC800,
it produces larger gas fraction, which indicates
there is overcracking phenomena. The over-
cracking phenomena could occurred when the
reaction frequency was too high, usually caused
by poor porosity properties or poor metal dis-
persion [2]. The overcracking was also hap-
pened to Ni/C800 catalyst, as the impregnated
metal was not distributed evenly, proofed by
the major downfall of the porosity properties.
The feed does not have to diffused inside the
pores and would easily reacts with the metal
that is blocking the pores. Because of lack of
diffusion control, the reaction frequency is too
high and leads to over cracking phenomenon.

4. Conclusions

In this research, we found that H202 could
act as activator that creates pores and gives ox-
ygenated functional groups. The additional
nickel in Ni/RC800 was beneficial and found to
be the best catalyst where it gives liquid prod-
uct conversion of 66.01 wt%. Its selectivity to-
wards gasoline fraction, diesel fraction, alcohol,
and organic was 8.06, 1.17, 2.61, and 54.13%,
respectively.
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