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ABSTRACT

This research aims to investigate the effect of various amount of Ni metal which is impregnated on Mordenite
toward the catalytic activity of the Cashew Nut Shell Liquid Oil (CNSLO) hydrotreating process. The Ni/Mordenite
catalysts were prepared by wet impregnation method using Ni(NO,),-6H,0O with the Ni content varied under 1, 3, 5
wt.% and mordenite which were dissolved in methanol and carried out drying, calcination, and reduction.
Hydrotreating is carried out in a semi-batch stainless steel reactor which is flowed with H, gas. The catalyst was
characterized and analyzed by Fourier Transform Infrared, X-Ray Diffractometer, Scanning Electron Microscope-
Energy Dispersive X-Ray Spectrometer, Transmission Electron Microscopy, Gas Sorption Analyzer, and Atomic
Absorption Spectrophotometer. The total acid amount test was carried out using ammonia vapor adsorption with the
gravimetric method. The liquid product of hydrotreating was analyzed by Gas Chromatography-Mass Spectroscopy.
Increasing the amount of metal impregnated on mordenite will increase the total acid site, activity, and selectivity of
the gasoline fraction.
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INTRODUCTION
Biomass is one of the abundant new and renewable energy sources, but its use is not optimal. Biomass
can come from organic matter.' Indonesia has a very high biomass potential and much of its natural
wealth is needed to be used as an alternative material, one of which is cashew nut shell oil (Cashew Nut
Liquid). Cashew nut shells contain about 50% of the oil known as Cashew Nut Shell Liquid (CNSL).?
CNSL itself is a complex phenolic compound with branch chains and is not saturated. The main content
of this oil is anarchic acid of 70%, cardol 18%, and cardanol 5%". This CNSL oil can be used as raw
material for bioenergy production using the catalytic hydrocracking reaction method. This reaction will
break long chains on CNSL into simple hydrocarbons.*
The hydrocracking process is one of the hydrotreating processes. Hydrocracking can be done in two
ways. The first way is hydrocracking by heating hydrocarbon compounds at high temperatures’. The
second way is hydrocracking with the help of a catalyst, and this method is seen as more efficient than
using high temperatures.® Bifunctional catalysts with two different active sites of metal and carriers are
highly recommended for use in the hydrotreatment process because these two active sites can control
hydrogenation and dehydrogenation reactions.’
The catalyst can affect the expected reaction speed of the product. The choice of catalyst to be used in the
hydrocarbon process of long-chain hydrocarbons is important.® Heterogeneous catalysts with two
different active sites namely metal and carrier are highly recommended for use in the hydrotreatment
process because they can control the hydrogenation and dehydrogenation reactions.’
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Heterogeneous catalyst systems are preferred. After all, single metal catalysts do not have high thermal
stability and will form agglomerations that can reduce surface area and are easily deactivated.
Heterogeneous catalysts have acidic sites that provide cracking reactions and metal sides that provide
hydrogenation/dehydrogenation processes.'® In research conducted by Da Costa-Serra et al.'', the
presence of Ni metals on mordenite can increase Ni dispersion and prevent catalyst deactivation. Metal
loading on mordenite can increase catalyst activity, and reduce coke formation. Mordenite can quickly
deactivate due to its small porosity so that coke can cover the active site and even cover the pores of
mordenite. Ni metal was chosen because it is a metal that has a cheap price, proven to have good catalytic
activity due to its empty d orbitals that can increase Lewis acid site, and durable in the cracking process of
ammonia.'>

Trisunaryanti ef al.'> explain that metal impregnation on materials such as zeolite will distribute the metal
evenly on the carrier surface so that it will increase the specific surface area of the catalyst system as a
whole. So it will add to the specific area of the system. Mesoporous based materials are widely used as
carriers. The mesoporous system has a regular arrangement with a pore size distribution in the range of 2-
50 nm."” In the previous study, the synthesis of Ni/Mordenite as a catalyst for hydrocracking of a-
cellulose was conducted. However, the effect of the amount of impregnated metal on mordenite has not
been studied.'” Based on this explanation, the Ni/Mordenite catalyst was synthesized for the hydrotreating
of the CNSL Oil, with a variable amount of metal impregnated on the Mordenite as its novelty. This study
examines the effect of Ni metal loading on the total acidity of the catalyst, catalytic activity, liquid
products produced through the hydraulic process and the characterization of the Ni/Mordenite catalyst.

EXPERIMENTAL
Materials
The CNSLO was obtained from the seed coat of cashew nuts in Bantul and press at the Jarak Lestari
Cooperative in Cilacap, zeolite mordenite (HSZ 640-HOA) was purchased from Catalyst & Chemical
Ind.Co.Ltd., Ni(NO;),-6H,O were purchased from Merck, methanol 98% were purchased from Sigma-
Aldrich, nitrogen and hydrogen gas was purchased from technical, PT. Samator Gas.

Catalyst Preparation

The Ni was impregnated on the Mordenite (Mor) and was prepared by the wet impregnation method using
a salt precursor of Ni(NO3),-6H,0. An 0.0495, 0.1486, and 0.2477 g of Ni(NOs),-6H,0 respectively for
Ni(A)/Mor, Ni(B)/Mor and Ni(C)/Mor mixed with 1.0 g the Mor in 50 mL of methanol, followed by
evaporated at 27 °C, then calcined (20 mL/min of N, flow) at 450 °C for 3 h and continued by reduction
(20 mL/min of H, flow) for 3 h to produce Ni/Mor catalyst.

Hydrotreating of CNSLO

Hydrotreating conditions used include thermal (without catalyst) and catalytic (with Ni(A)/Mor,
Ni(B)/Mor, and Ni(C)/Mor catalysts). Catalyst and the CNSLO in a weight ratio of 1:50 were loaded in a
stainless steel semi-batch reactor (I: 30 cm, id: 1.6 cm, od: 2 cm). The reaction temperature was 450 °C
for 2 h with 20 mL/min of H, flow. The reactor was connected with the condenser and the liquid product
was collected in an ice-bath system and investigated by GC-MS.

The catalytic activity was measured by the gravimetric method consisted of liquid, gas, coke, and residue
fractions.

Liquid (%) : (Mass of liquid/Mass of substrate) x 100

Coke (%) : (Mass of coke/ Mass of substrate) x 100

Residue (%)  : (Mass of residue/ Mass of substrate) x 100

Gas (%) : (Mass of substrate - Mass of liquid - Mass of coke)/ Mass of the substrate) x 100

Total conversion (%) : ((Mass of substrate — Mass of residue)/ Mass of substrate) x 100

The selectivity of the catalysts (%) toward gasoline, diesel, >C,g, alcohol, organic, and others was
calculated from the GC-MS area (%) multiple by weight percent of liquid fraction.
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Detection Method

The catalyst function group was characterized by an FTIR spectrometer (Shimadzu Prestige 21) at 4000-
300 cm™. The surface morphology of the catalyst was analyzed by SEM (JEOL JSM-6510) and TEM
(JEM-1400). The amount of metal impregnated on the Mor was analyzed by EDX (JEOL JSM-6510) and
Atomic Absorption Spectrophotometry (AAS) (Perkin Elmer 5110-PC). The pore characteristics of the
catalysts were tested by using a Gas Sorption Analyzer (GSA) (Quantachrome Nova Win version 11.0).
The crystallinity of catalysts was analyzed by XRD using a Philip’s Expert MPD instrument. The total
acid amount of the catalysts was tested by the gravimetric method using NH; vapor adsorption. Acidity
means the total acid amount (mmol) calculated from NH; vapor absorbed on the surface of solid/gram
solid multiple by the molecular weight of ammonia. The liquid product was analyzed by GC-MS.

RESULTS AND DISCUSSION
The functional groups contained in Mordenite before and after Ni impregnation at variation amount were
analyzed by FTIR as presented in Fig.-1.
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Fig.-1: FTIR Spectra of the: (a) Mor, (b) Ni(A)/Mor, (c) Ni(B)/Mor and (d) Ni(C)/Mor

Typical absorption bands for the Mor structures are found in wave numbers 1100-420 cm™ which are
vibrations of the external network group zeolite framework.'* Figure-1 shows that the Mor has the same
absorption peak as the Ni(A)/Mor, Ni(B)/Mor and Ni(C)/Mor. This indicates that the functional groups on
the Mor are not damaged due to the Ni metal loading process.

Characterization with SEM aims to determine the topography and morphology of the catalysts used. SEM
images for the Mor and Ni/Mor catalysts are shown in Fig.-2. Based on the literature, a larger particle size
indicates the formation of metals on the surface of mordenite. As reported by Mosayebi and Abedini'
that metal loading can change the particle size of the starting material, where mordenite produces particles

larger than ZSM-5 and zeolite-Y.

774
THE EFFECT OF NICKEL CONTENT IMPREGNATED ON ZEOLITE L. Permata et al.



RASAYAN J. Chem.
Vol. 13 | No. 1 |772 —779| January - March | 2020

Figure-2 shows that there is no significant change in particle surface shape, but there is a narrowing of the
pore with increased impregnated Ni metal content, this is also supported by the results of the
characterization with GSA which can be seen in Table-1. In SEM images of Ni(A)/Mor (b), it can be seen
that particles are larger than particles in the SEM images of Mor (a). The Ni metal in the Mor does not
provide morphological changes compared to before impregnation. These results indicate that there is no
change in the shape of crystals during the process of impregnation of Ni to Mor, this result is also
supported by the results of characterization with XRD which can be seen in Fig.-6.

The characterization by TEM can be used to observe the morphology in a solid catalyst, it can also
indicate the change in shape and its position in the use of a catalyst. Pores structure in the Mor can be
seen in Fig.-3.

Fig.-3:TEM Images of the Mor
TEM images of the Mor provide information about the pore walls and hollow space of Mor. The pore
walls of the Mor are shown in the dark part and the hollow spaces of the Mor are shown in the bright part.
The bright part also indicates that the pores in the Mor refer to mesoporous size.'® Surface area, pore-
volume, pore diameter, total pore volume, and metal loading of the Ni(A)/Mor, Ni(B)/Mor, Ni(C)/Mor
and the Mor can be seen in Table-1.

The result of the analysis with EDX, it can be known that there are three dominant elements in the Mor
are Si, O, and Al. After impregnation of 1, 3, and 5 wt% of the Ni metal shows that there are four
elements are Si, O, Al and Ni with a percentage of the Ni metal is 1.41, 2.16, and 4.59 wt% respectively.
The presence of Ni metal shows that the impregnation process of Ni metal on mordenite can be said to be
successful. Based on the results of the analysis with AAS, impregnated Ni metal content at Ni(A)/Mor,
Ni(B)/Mor, and Ni(C)/Mor respectively are 1.09, 2.36, and 4.24 wt.%. These results support the EDX
analysis data of the amount of Ni carried on mordenite

Table-1: Catalysts Textural Properties

Sample Surface Area Pore Volume Pore Diameter Total Pore Metal
(m*/g) (ccl/g) (nm) Volume (cc/g) Loading
Mor 280.389 0.025 3.563 0.170 -
Ni(A)/Mor 223.484 0.020 3.223 0.139 1.091
Ni(B)/Mor 164.354 0.019 3.513 0.111 2.366
Ni(C)/Mor 251.747 0.021 3.212 0.153 4.247

The surface area after metal impregnation will decrease. This may be caused by the metal being infused in
the Mor not distributed evenly. Pore volume and diameter will be smaller after the impregnation of the
metal because the metal that is injected has filled the pore on the catalyst so that reducing the pore
diameter. The pore distribution of Mor, Ni(A)/Mor, Ni(B)/Mor and Ni(C)/Mor can be seen in Fig.- 4.
From Fig.-4 can be seen that there is a narrowing of the pore after the impregnation of the Ni metal.
Figure-4 also shows that the pore distribution is not homogeneous, because Mor as a carrier has a non-
uniform pore size and the amount of Ni embedded in the carrier material is also different. Solid
adsorption/desorption isotherms are classified by their shape into six types.'” Solid adsorption/desorption
isotherms can be seen in Fig.-5.
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Fig.-4: Pore Diameter Distribution of Catalyst: (a) Ni(A)/Mor, (b) Ni(B)/Mor, (c) Ni(C)/Mor (c), and (d) Mor
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Fig.-5: Nitrogen Adsorption/Desorption Isotherms of: (a) Ni(B)/Mor, (b) Ni(A)/Mor, (c)Ni(C)/Mor, (d) Mor

Based on the isotherm adsorption-desorption graph literature obtained is type IV. Type IV is a typical
isotherm for mesoporous solids and characterizes the marked hysteresis between the adsorption and
desorption branches.'® Based on the literature the graph of the catalyst in Fig.-5 has hysteresis type 4 or
H4. H4 loop type is a hysterical type for mesoporous material, this is by the character of the Mor which is
a porous material'’. Characterization with XRD aims to determine and compare the crystallinity of the
catalyst both before and after the Ni metal is carried out. Diffractograms of the Mor, Ni(A)/Mor,
Ni(B)/Mor and Ni(C)/Mor can be seen in Fig.-6.
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Fig.-6: Diffractogram of: (a) Mor, (b) Ni(A)/Mor (c) Ni(B)/Mor and (d) Ni(C)/Mor

Based on the Mor diffractogram shows the peaks at 20 between 6-40° which shows conformity to the Mor
structure expressed by Treacy and Higgins.® In Fig.-6 it can be seen that the impregnation of metals onto
the Mor does not damage the crystal structure of the Mor. The crystalline structure of metals
impregnation on the Mor looks the same as the crystalline structure of the early material of the Mor,
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which shows that the crystallinity of the Mor does not change with impregnation of the Ni metal. Based
on the result of the total acid amount of the Mor, Ni(A)/Mor, Ni(B)/Mor and Ni(C)/Mor respectively were
5.729, 7.751, 9.038 and 11.637 mol g"'. It showed that the Mor after being impregnated with the Ni metal
had more total acidic amount than before metal impregnation. The Ni metal is a transition metal that has
an empty d orbital degenerate so that it can act as a Lewis acid. The presence of these metals causes the
bonds that can be formed between the catalyst and ammonia to increase as a result of increased total acid
sites. Catalyst activity is mainly viewed from the amount of liquid product produced because it is this
liquid product that contains high-value chemical compounds, so it is the main product of a hydrotreating
reaction. The results of thermal and catalytic hydrotreating are presented in Table-2.

Tabel-2: Distribution of the CNSLO Hydrotreating Products

Hydrotreating Conversion (wt.%) Total Conversion
Condition Liquid Product Gas Product Residue | Coke (Wt.%)
Thermal 40.01 59.9 14.02 0.9 85.98
Mor 49.64 4291 13.73 7.45 86.27
Ni(A)/Mor 51.55 45.43 3.25 3.02 96.75
Ni(B)/Mor 66.34 25.74 2.80 7.92 97.20
Ni(C)/Mor 73.50 23.55 1.87 2.95 98.13

Table-2 shows that the hydrotreating thermal has more gas products compared to the catalytic
hydrotreating since occurs through the mechanism of radical formation that is triggered by relatively high
temperatures as described by Gates et al.”' The distribution of liquid products in catalytic hydrotreating is
greater than thermal hydrotreating because it occurs through the mechanism of carbocation formation.
The yield of the liquid product increases with the increase in acidity of the catalyst. TEM images of the
Ni/Mor catalyst before and after hydrotreating can be seen in Fig.-7.

b

—

Fig.-7: TEM Image of (a)Ni(C)/Mor before and (b) Ni(C)/Mor after Hydrotreating

TEM image results capture the color of black dots on solid objects. Black spots are Ni metals impregnated
on mordenite, so it can be seen that Ni metals have been impregnated on mordenite and fill the pores in
mordenite. The success of impregnated metals can also be determined through SEM-EDX, XRD, and
AAS characterization. Catalyst before hydrotreating there are still many pores after hydrotreating pore-
blocking occurs but not all pores are blocked, this shows that the Ni(C)/Mor catalyst has good
effectiveness®. Liquid products produced from hydrotreating thermal and catalytic were analyzed by GC-
MS to determine the selectivity of the liquid product fraction. The selectivity of CNSL oil hydrotreating
liquid fraction can be seen in Table-3.

Table-3 shows that the hydrotreating thermal and catalytic produces a greater fraction of gasoline
compared to the diesel, organic and alcohol fractions. Gasoline is a hydrocarbon compound with several
carbon atoms of 5 to 12 (Cs-C5), so that the fraction of gasoline is easier to enter the Mor pore which is
relatively small compared to other larger fractions. Gasoline fraction produced by hydrotreating using
Ni(C)/Mor>Ni(B)/Mor>Ni(A)/Mor>Mor.
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Tabel-3: Selectivity Catalysts towards the CNSLO Hydrotreating Product

Hydrotreating Fractions in a Liquid Product (wt.%)

Condition Gasoline Diesel C>18 Alcohol Organic Others
Thermal 13.59 11.23 1.12 8.21 4.85 1.01
MOR 18.33 17.33 0.45 5.26 3.37 4.90
Ni(A)/Mor 19.10 0.71 0.00 6.31 18.07 7.36
Ni(B)/Mor 25.11 2.85 0.00 12.35 20.13 5.90
Ni(C)/Mor 30.02 0.33 0.00 14.02 20.11 9.02

CONCLUSION

The increase in metal impregnated on Mor will increase the total acid site, activity, and selectivity of the
catalyst for gasoline products. This is known based on the results and discussion.

1.

ii.

iii.

The total acid sites Mor, Ni(A)/Mor, Ni(B)/Mor, and ni(C)/Mor are 5.729, 7.751, 9.038 and
11.637 mol g respectively.

The results of liquid products by thermal, Mor, Ni(A)/Mor, Ni(B)/Mor, Ni(C)/Mor are 40.01,
49.64, 51.55, 66.34, 73.50 wt.% respectively

The results of gasoline fraction by thermal, Mor, Ni(A)/Mor, Ni(B)/Mor, Ni(C)/Mor are 13.59,
18.33, 19.10, 25.11, 30.02 wt.% respectively
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