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ABSTRACT. Plasma-assisted catalytic cracking is an attractive method for producing biofuels from vegetable oil. This paper studied the 
effect of reactor temperature on the performance of plasma-assisted catalytic cracking of palm oil into biofuels. The cracking process was 
conducted in a Dielectric Barrier Discharge (DBD)-type plasma reactor with the presence of spent RFCC catalyst. The reactor temperature 
was varied at 400, 450, and 500 ºC. The liquid fuel product was analyzed using a gas chromatography-mass spectrometry (GC-MS) to 
determine the compositions. Result showed that the presence of plasma and catalytic role can enhance the reactor performance so that 
the selectivity of the short-chain hydrocarbon produced increases. The selectivity of gasoline, kerosene, and diesel range fuels over the 
plasma-catalytic reactor were 16.43%, 52.74% and 21.25%, respectively, while the selectivity of gasoline, kerosene and diesel range fuels 
over a conventional fixed bed reactor was 12.07%, 39.07%, and 45.11%, respectively. The increasing reactor temperature led to enhanced 
catalytic role of cracking reaction, particularly directing the reaction to the shorter hydrocarbon range. The reactor temperature 
dependence on the liquid product components distribution over the plasma-catalytic reactor was also studied. The aromatic and 
oxygenated compounds increased with the reactor temperature. ©2020. CBIORE-IJRED. All rights reserved 
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1. Introduction 

Energy demand increases as economic growth, population 
growth, energy cost, and government policy. In line with 
the increase in national energy demand, petroleum 
demand is expected to increase. On the other hand, 
petroleum reserves are depleting, because it is a non-
renewable/limited energy resource. Therefore, renewable 
alternative energy is needed to supply energy demands. 
One alternative energy, which is potential to be developed, 
is biofuel. The biofuel is a renewable energy, because it is 
produced from biomass through chemical conversion. 
Biofuel can be a liquid or gas fuel containing short-chain 
and long-chain hydrocarbons which can be fractionated 
into various types of derivative fuels, such as: gasoline, 
kerosene, diesel, and other long chain hydrocarbons 
(Giampietro et al., 1997). Some of biofuel advantages are 
easy to adapt to other fuels, biodegradable, and 
environmentally friendly (Thanh et al., 2012). Its 
combustion produces better emissions compared to fossil 
fuels (Pattanaik and Misra, 2017), because it does not 
contain any pollutant compounds, such as: sulfur and 
nitrogen (Ramya et al., 2012). 

                                                             
* Corresponding author: istadi@live.undip.ac.id 

Biofuel can be produced from vegetable oil through 
pyrolysis/thermal cracking (Xu et al., 2019; Fimberger et 
al., 2017), catalytic cracking (Li et al., 2018; Zhao et al., 
2015; Ong and Bhatia, 2010), or plasma-assisted catalytic 
cracking (Istadi et al., 2019; Zhao et al., 2018; Gharibi et 
al., 2015; Hao et al., 2015). The most favorable vegetable 
oil, which is used as raw material for biofuel production, 
is palm oil (Istadi et al., 2019; Bhatia et al., 2009), because 
it has a relatively equal ratio of saturated and 
unsaturated oil (Pande et al., 2012). It has been reported 
that the vegetable oil types have no significant effect on 
liquid product yield (Buzetzki et al., 2011). However, the 
ratio of saturated and unsaturated oil has a significant 
effect on aromatic compounds in the liquid product (Beims 
et al., 2018). 

The most developed cracking technology for vegetable 
oil conversion into biofuel is catalytic cracking which is 
due to low energy requirement, low operational cost, and 
high flexibility to utilize many vegetable oil types 
(Demirbas, 2009). Moreover, the catalytic cracking 
produces many kinds of products, such as: gas, organic 
liquid product (OLP), water, and coke (Ong and Bhatia, 
2010). The temperature required for catalytic cracking is 
around 450 ºC, which is lower than pyrolysis or thermal 

Research Article 



Citation:	Istadi,	I.,	Riyanto,	T.,	Buchori,	L.,	Anggoro,	D.D.,	Saputra,	R.A.,	and	Muhamad,	T.G.	(2020),	Effect	of	Temperature	on	Plasma-Assisted	Catalytic	Cracking	of	Palm	Oil	
into	Biofuels.	Int.	Journal	of	Renewable	Energy	Development,	9(1),107-112,	doi.org/10.14710/ijred.9.1.107-112	
P a g e  |  
 

© IJRED – ISSN: 2252-4940. All rights reserved 

108 

cracking which required higher temperatures, usually at 
a range of 500-850 ºC (Li et al., 2009). 

Another current developed cracking technology is 
plasma-assisted cracking, with or without the catalyst 
presence. The most favorable thing of plasma role is the 
cracking process over plasma reactor did not affected by 
the impurities (Jahanmiri et al., 2012). The sulfur 
compounds in the feedstock could be transformed into 
solid phase which is a unique possibility to remove sulfur 
compounds as the impurity (Wako et al., 2018). Jahanmiri 
et al. (2012) investigated a nanosecond pulsed dielectric 
barrier discharge plasma reactor for the conversion of 
heavy naphtha. Fan et al. (2019) compared the 
configurations of the plasma-catalytic system. Other 
researchers investigated the non-thermal or cold plasma 
for vegetable oil pyrolysis and heavy oil upgrading 
(Meeprasertsagool et al., 2017; Hao et al., 2015). The 
performance of conventional catalytic cracking was 
compared with plasma-assisted reactor for the conversion 
of palm oil into biofuel at different temperatures (Istadi et 
al., 2019). He said that the high energetics electron from 
the plasma can improve the reactor performance even the 
hybrid plasma-catalytic reactor which was carried out at 
lower temperature than the conventional reactor. 
However, the effect of temperature on plasma-assisted 
reactor for catalytic cracking has not been clear. 
Therefore, this study was focused on the effect of 
temperature on plasma-assisted reactor for cracking of 
palm oil into biofuels. The components distribution in the 
liquid product was also studied. 

2. Materials and Methods 

2.1 Materials 

A commercial refined palm oil purchased from local 
market was used as the feedstock of cracking process. This 
research used the refined palm oil (not crude palm oil) was 
because it only focused on the performance of plasma-
assisted reactor (not process development). The catalyst 
used in this study was the spent residue fluid catalytic 
cracking (RFCC) catalyst from petrochemical company in 
Indonesia. The nitrogen gas (99.99%, UHP) was used for 
flushing the tubing and reactor system before feeding 
process. 

 
2.2 Catalyst Preparation 

The spent RFCC catalyst was washed using distilled 
water at room temperature in order to remove the dirt. 
Then, the catalyst was dried at 120 ºC for 12 hours in an 
electric oven (Memmert). After the drying process, the 
catalyst was calcined at 550 ºC for 4 hours in an electric 
box furnace (Ney Vulcan 3-550). The calcined catalyst 
powder was then pelleted and crushed into a diameter of 
1.00 – 1.18 mm. This spent RFCC catalyst used in this 
research was not modified. 

 
2.3 Reactor Performance Testing 

The experimental setup is shown in Figure 1. An 
electric furnace equipped with a temperature controller 
was used to adjust the temperature of reactor. Five grams 
of the spent RFCC catalysts were put into the discharge 
zone of the tubular glass reactor. In order to provide the 

high voltage on the reactor, a high voltage power supply 
with power up to 250 Watt (50 kV DC) was used. The 
discharge voltage during the reaction was measured using 
a High Voltage Probe and a digital multi-meter (Sanwa). 

In order to eliminate the presence of oxygen, the reactor 
was flushed by nitrogen gas flow (100 cm3/min) for 15 
minutes before the reaction. The reactor was heated up to 
a temperature of 400, 450, and 500 ºC. After the targeted 
reactor temperature was reached, palm oil as a reactant 
was pumped by peristaltic pump at Weight Hourly Space 
Velocity (WHSV) of 2 min-1. The vapor product was 
condensed through a condenser in order to get the liquid 
fuel product and thus stored in a flask and analysed using 
a gas chromatography-mass spectrometry (GC-MS). 

 

 

Fig. 1 Plasma-assisted reactor system for cracking of palm oil into 
biofuel: (1) Palm oil tank, (2) Peristaltic pump, (3) Nitrogen tank 
(N2), (4) Rotameter-type flowmeter, (5) Electric preheater, (6) 
Thermocouple, (7) Reactor, (8) Electric heater, (9) Catalyst bed, 
(10) Ground electrode, (11) High voltage electrode, (12) Chiller, 
(13) Condenser, (14) Product collector.  

 
2.4 Fuels Product Analysis 

Gas Chromatography-Mass Spectrometry (GC-MS) 
(QP2010S SHIMADZU, DB-1 column) was used to identify 
the fuel product in order to determine the components of 
fuel product. The steady-state mass balance was used to 
derive the equations for calculating the conversion and 
selectivity at certain length time basis. 

 

(%) 100%feed unreacted palm oil
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m m
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m
-

= ´   (1) 
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m
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m m
-= ´

-
 (2) 

 
13 15( )(%) 100%kerosene C C

feed unreacted palm oil

m
Selectivity of kerosene

m m
-= ´

-
 (3) 

 
16 18( )(%) 100%kerosene C C

feed unreacted palm oil

m
Selectivity of diesel

m m
-= ´

-
 (4) 

 
where mfeed is equal to mass of palm oil fed to the 
reactor and munreacted palm oil is mass of unreacted palm 
oil. 
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3. Result and Discussion 

3.1 Comparison of Plasma-Assisted Catalytic Reactor and 
Conventional Catalytic Fixed Bed Reactor for Palm Oil 
Cracking 

In order to compare between performance of plasma-
assisted reactor and conventional fixed bed reactor for 
palm oil cracking, the cracking process was conducted at 
450 ºC in the presence of the spent RFCC catalyst. The 
performance of conventional and plasma-assisted reactor 
at 450 ºC is given in Table 1. 

 
Table 1 
The performance of conventional fixed bed and plasma-assisted 
reactors at 450 ºC 

Parameters Conventional 
fixed bed reactor 

Plasma-assisted 
reactor 

Palm Oil Conversion (%) 99.08 99.02 

Selectivity of Gasoline (%) 12.07 16.43 

Selectivity of Kerosene (%) 39.07 52.74 

Selectivity of Diesel (%) 45.11 21.25 
 

Based on Table 1, presence of plasma can improve the 
reactor performance on catalytic cracking reaction of palm 
oil to fuels. The selectivity of gasoline and kerosene over 
plasma-assisted reactor are 16.43% and 52.74%, 
respectively, which are higher than the selectivity over 
conventional fixed bed reactor (12.07% and 39.07%, 
respectively). However, the presence of plasma can 
decrease the selectivity of diesel and it was directed to 
lower chain hydrocarbons (gasoline/kerosene) due to role 
of plasma assistance. Therefore, the plasma has role on 
improving selectivity towards shorter-chain hydrocarbons 
product due to assisting the cracking reaction on the 
catalyst surface (excited electrons pair of covalent bond in 
carbon to carbon bonds). This shows that plasma 
influences reactions through collisions of high energetic 
electrons and the electrons pair on covalent bonds of 
reactant molecules of hydrocarbons or triglyceride (Istadi 
et al., 2019; Meeprasertsagool et al., 2017; Wu et al., 2015; 
Hao et al., 2015; Istadi and Amin, 2006). The plasma 
reactor technology utilized the high energetic electrons to 
assist breaking chemical bonds in hydrocarbon chains, so 
that the cracking occurs faster. The plasma reactors can 
damage the structure of carbon to carbon bonds and 
combine with role of catalytic surface reaction so that the 
desired hydrocarbon products can be achieved with lower 
energy and the resulting higher selectivity toward lower 
hydrocarbons (Istadi and Amin, 2006). Plasma discharge 
brings high energetic electrons (from high voltage power 
supply) that can assist breaking C-C and C-H bonds on the 
catalyst surface through the collision with reactant 
molecule. This collision leads to produce the small 
activated radicals which could be recombined and produce 
short-chain hydrocarbons (Jahanmiri et al., 2012) or 
assists on enhancing excitation of electrons pair of 
covalent bond in carbon to carbon bond of triglyceride 
which in turn lower energy required to break the bonds. 

 
3.2 Effect of Reactor Temperature on Plasma-Assisted 
Catalytic Reactor Performance for Palm Oil Cracking 

Reactor temperature is one of the most important 
parameters influencing the reactions performance in 

conventional chemical reactions due to the 
thermodynamic equilibrium limitation (Istadi, 2009). In 
order to study the temperature dependence of plasma-
assisted catalytic cracking of palm oil, the plasma-assisted 
cracking process was conducted at reactor temperature of 
400, 450, and 500ºC (Table 2). Based on Table 2, as the 
increase of reactor temperature, the short-chain 
hydrocarbon product produced increases. The increase in 
reactor temperature resulted in more cutting of C bonds 
in the raw material, so that the percent of gasoline 
fractions that have the shortest C bonds increased (Hew et 
al., 2010). The higher the temperature, the greater the 
energy produced for cracking long-chain hydrocarbons 
into short-chain hydrocarbons. It is suggested that 
synergistic role of high energetic electrons from plasma 
and catalytic roles enhance the performance of the 
plasma-assisted catalytic cracking reactor. Saleem et al. 
(2019) reported that, on non-thermal plasma 
hydrocracking of toluene to lower hydrocarbons in a 
dielectric barrier discharge reactor, the selectivity of low 
hydrocarbons increases with increasing temperature. 

 
Table 2 
Effect of reactor temperature on the plasma-assisted catalytic 
cracking of palm oil 

Parameters 
Reactor Temperature (ºC) 

400 450 500 

Palm Oil Conversion (%) 99.00 99.02 99.05 
Selectivity of Gasoline (%) 21.01 16.43 28.08 
Selectivity of Kerosene (%) 23.76 52.74 42.82 
Selectivity of Diesel (%) 31.00 21.25 22.14 

 
As can be seen in Table 2, the selectivity of the shortest-

chain hydrocarbon component (gasoline) decreases from 
21.01% to 16.43% as the increase of cracking temperature 
from 400 ºC to 450 ºC. Then, it increases to 28.08% at 
cracking temperature of 500 ºC. Meanwhile, the fuels 
product distribution at different temperature was also 
different. At 400 ºC, the long-chain and short-chain 
hydrocarbon product distribution is relatively equal. On 
the other hand, at 450 and 500 ºC, the short-chain 
hydrocarbon product dominates the composition. It is 
suggested that the catalyst has not active at lower 
temperature, but the plasma plays as the main energy role 
for cracking process after the thermal energy by the 
reactor temperature. The collision of high-energetic 
electrons with reactant molecules converts the reactant 
molecules into hydrocarbon products. The energy provided 
by energetic electrons from plasma can assist on breaking 
the carbon to carbon bonds or at least excite the electron 
pairs of the covalent bonds (Istadi et al., 2019) then 
produce the short-chain hydrocarbons or produced radical 
molecules. Higher reaction temperature can be attributed 
to the opening up of the catalyst sites leading to more 
available active sites of the catalyst (Wako et al., 2018). 
Therefore, the catalyst can direct the cracking product into 
shorter-chain hydrocarbons. The possible formation of 
radicals produced by the collision of high-energetic 
electrons and reactant molecules was then directed into 
short-chain hydrocarbons product. Pietruszka and 
Heintze (2004) reported that the catalyst became active 
and contributed to the reaction activity with synergistic 
effect between plasma discharge and catalysis at higher 
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temperatures, but role of plasma was more dominant than 
the reactor temperature (Buchori et al., 2016). 

 
3.3 Effect of Reactor Temperature on Components 
Composition Distribution in Liquid Fuels Product 

The liquid fuels product components distribution of 
palm oil cracking process over plasma-assisted catalytic 
reactor is also studied. The study is focused on the effect 
of reactor temperature on liquid fuels components 
distribution which were analysed using GC-MS method. 
The main fuel components are hydrocarbons, aromatic, 
and oxygenated compounds. The hydrocarbon components 
mainly contain paraffin and olefin. The authors suggest 
that the components distribution of liquid fuel product 
depends on the reactor temperature.  

Hydrocarbon compounds in the liquid fuel product are 
total paraffins and olefins presence. The hydrocarbon 
compound distribution in the liquid product of palm oil 
cracking process over plasma-assisted reactor at different 
reactor temperatures is provided in Figure 2. It can be 
seen that the hydrocarbons composition (paraffin and 
olefin) decreases as increasing reactor temperature. 

 

 

Fig. 2 Components distribution in the liquid fuels product at 
different reactor temperature 

The decreased paraffins and olefins (hydrocarbons) 
compounds is affected by the side reactions that occurred. 
Doronin et al. (2013) said that in the catalytic cracking 
reaction, several reactions can occur, such as: cracking, 
aromatization, isomerization, oligomerization, 
deoxygenation, alkylation, and polymerization. The 
energy provided by plasma can assist breaking the bonds 
or can excite the electron pairs of the carbon to carbon 
covalent bonds (Istadi et al., 2019) then produce the short-
chain hydrocarbons or even produce radicals. The 
molecules are then converted into other products via those 
reaction pathways.  

Increasing the reactor temperature affects on the more 
active catalyst as reported by Wako et al. (2018) which in 
turn many reaction pathways can occur at high 
temperatures. As a result, the short-chain hydrocarbon 
and radical molecules produced by the collisions of high 
energetic electrons with reactant molecules are converted 
into many products, such as: paraffins, olefins, and other 
compounds. The paraffins and olefins molecules can also 

be converted into other side products, such as: aromatic 
and oxygenated compounds. 

The aromatic compound composition distribution in the 
liquid fuels product of palm oil cracking process over 
plasma-assisted reactor at different reactor temperatures 
is provided in Figure 2. From Figure 2, the aromatic 
compounds content increases with reactor temperature. 
However, the aromatic compound was not detected in the 
liquid fuels product when the reactor operated at 400 °C, 
but only appeared when it operated at 450 and 500 °C. The 
aromatic compound composition resulted at 450 and 500 
°C is 10.88% and 11.06%, respectively. It is suggested that 
the aromatic compound contented in liquid fuel product is 
slightly increased as the increasing reactor temperature.  

The increasing aromatic compounds content in the 
liquid fuels product is contributed by role of the reactor 
temperature causing enhancement of catalyst surface 
reaction activity. This fact confirms that the catalyst leads 
to aromatization reaction due to possibility of cyclization 
and aromatization reaction occurred. In the cracking 
process, those reactions can be accelerated by the increase 
of reactor temperature as suggested by previous 
researcher (Li et al., 2018). The formation of aromatic 
compound is also affected by the surface catalytic activity 
(Chen et al., 2015) which is also assisted by plasma role on 
breaking the covalent bonds or at least excite the electron 
pairs of the covalent bonds (Istadi et al., 2019) to produce 
the shorter-chain hydrocarbons. The other hydrocarbons 
product, paraffins and olefins, can also be converted into 
cycloalkanes and then converted into aromatic compound 
by the catalyst (Chen et al., 2015; Doronin et al., 2013). 
Therefore, the increased catalyst activity leads to 
increasing the aromatic compound. The higher reaction 
temperature can be attributed to the opening up of the 
catalyst sites leading to more available active sites of the 
catalyst (Wako et al., 2018) which in turn favouring the 
aromatic compound production. 

The oxygenated compounds present in the liquid 
product are alcohol, ketone, aldehyde and ester. The 
oxygenated compounds distribution in the liquid product 
of palm oil cracking process over plasma-assisted reactor 
at different reactor temperatures is provided in Figure 2. 
As can be seen in Figure 2, the oxygenated compounds 
increase as the increase of reactor temperature.  

The oxygenated molecules were also present in the 
liquid fuels product which come from fatty acid groups as 
the main components in palm oil. The detected oxygenated 
compound in the liquid fuels product confirms that the 
catalyst used does not favour for deoxygenation reaction, 
even the plasma role cannot effectively break the oxygen 
bond in the fatty acid groups. 

4. Conclusion 

In this study, the effects of reactor temperature and 
plasma role on the catalytic cracking were studied. The 
presence of plasma (high energetic electrons) can increase 
the selectivity to shorter-chain hydrocarbons product due 
to the collisions of high-energetic electrons from plasma 
and electrons pair of covalent carbon-carbon bonds of 
reactant molecules (triglyceride). The high energetic 
electrons generated by plasma can break the reactant 
molecule or can assist the surface catalytic reaction by 
exciting the electron pairs of covalent bonds. Indeed, the 
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synergistic role of high-energetic electrons from plasma 
and catalytic roles on the catalyst surface enhances the 
performance of the catalytic cracking reactor, while the 
increasing reactor temperature favours the selectivity to 
shorter-chain hydrocarbon products. However, the 
increasing reactor temperature leads to the formation of 
aromatic and oxygenated compounds in the liquid fuels 
product. 
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