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Abstract- Renewable energy is an important alternative energy source for replacing fossil fuels. The aim of this work was to 
determine optimal condition for biofuel production derived from virgin coconut oil waste containing natural triglycerides. In 
this study, the hydrocracking of virgin coconut oil waste was studied. The effect of reaction temperature (573-673K), initial 
pressure (20-40bar) and reaction time (1-3h) on the hydrocracking activity of HZSM-5 in batch reactor was studied. Liquid 
products were analyzed by distillation and the product distribution was obtained. HZSM-5 showed the highest yield of 
gasoline and kerosene with corresponding 4% and 35.6% under a temperature of 400°C, initial hydrogen pressure at 40bar 
and reaction time of 180 minutes. The highest yield of diesel was achieved 70% at temperature of 350°C, initial hydrogen 
pressure at 40bar and reaction time of 60 minutes. 
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I. INTRODUCTION 
 
Nowadays, the critical problems on economic growth 
are energy crisis and global warming. Using fossil 
fuel as a petroleum fuel is a limited energy resource. 
It has cause global warming problem and climate 
change because of greenhouse gas emissions. 
However, Energy is the necessary basis of the 
development of human society, the social activities 
and daily life. With increasing world population, 
rising living standards, and the demand for energy are 
steadily increasing in the world. Because of the 
decrement of crude reserves and the increasing 
demand for clean fuels of renewable resource has 
emerged to solve this problem since the past decade. 
Fuel cost, one of the largest operating costs of the 
aviation industry, is significantly affected by the oil 
prices. On the other hand, today is airline industry is 
70% efficient than over the past 40 years [1]. 
Aviation CO2 emission, however, is annually 
increased by 2-3% due to the steady growth in air 
transportation. Biofuel, renewable energy, can be 
replaced by commercial petroleum products. In recent 
years, many researcher focus on development of the 
production of hydrocarbons from biomass because of 
the increasing demand for clean gasoline, kerosene, 
and diesel causing environmental problems [2,3]. 
Raw material as biomass is any organic matter, it can 
be derived from vegetable oils or animal fats such as 
sunflower [4, 5], coconut [6, 7], castor [8], soybean 
[9], canola, cotton [10], jatropha [11], and palm oil 
[12]. The choice of these raw materials depends on its 
availability, cost and climate in each country. The 
advantages of using vegetable oils for biofuel 
production are renewable, readily available, low 
aromatic content, low sulfur content and bio-
degradable. 
Well-known methods for biofuel production from 
vegetable oil mainly include tranesterification, 
thermal cracking, hydrocracking and catalytic 

cracking. Transesterification of vegetable oil is a 
process in solvents such as methanol and ethanol in 
the presence of catalyst are used to chemically break 
the molecules of vegetable oil into glycerol and esters 
of the renewable fuel [17]. As a result, the product 
derived from this synthesis process is biodiesel. 
Thermal cracking is a technique that usually used to 
convert vegetable oil to biofuel at a high temperature 
and high pressure without catalyst. The cost of 
thermal cracking is relatively higher, however, the 
biofuel yield is relatively low [13, 14]. Similar to 
petroleum-based fuel catalytic cracking is a method 
to convert vegetable oil to biofuel. The reduction of 
biofuel production cost and the improvement of 
product yield can be achieved by developing good 
selectivity and long lifetime catalysts. Hydrocracking 
of vegetable oil can produce high quality biofuel with 
a high yield. It requires high catalyst activity and high 
hydrogen pressure. Although some noble metal 
catalysts possess a high activity, their high price and 
limitation of availability causes them not promising. 
The objective of this work aims to produce biofuels 
from alternative and renewable source that replace 
commercial petroleum products by modified ZSM-5 
catalysts. HZSM-5 was tested for activity in a high-
pressure reactor system using hydrogen gas and 
virgin coconut oil waste as the reactants. Generally, 
the rate of cracking and the final products depend on 
the temperature, pressure, reaction time, and presence 
of catalysts. The production of biofuel under the 
different conditions would be compared to find out 
the most suitable one. 
 
II. EXPERIMENTAL 
 
2.1. Materials and Procedures 
Waste virgin coconut oil obtained from coconut oil 
extraction process without involvement of heat. The 
zeolite ZSM-5, ammonium powders were purchased 
from Alfa Aesar. The mole ratio of silica-to-alumina 
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of the zeolite was 80:1. The catalyst was dried for 
overnight and then calcined in the air at 550°C for 4 
h. 
2.2. Catalyst Characterization 
The bulk structure of HZSM-5 was examined using 
an X-ray Diffractometer. The scan rage was 5-50 
degrees with a scan of 2°/min. The tube voltage and 
tube current was 40 kV and 44 mA, respectively. 
2.3. Hydrocracking reaction 
The hydrocracking of virgin coconut oil waste was 
performed using a 200 ml batch reactor and equipped 
with a mechanical stirrer. The operative limits of the 
reactor were 200 bar and 400°C. For all experiments, 
the stirrer speed was kept constant at 350 rpm and the 
temperature control was ±3°C. The catalyst was 
pretreated at 400°C for 4 h under a hydrogen pressure 
of 50 bars. The reactor containing 1 g of the prepared 
catalyst was fed by 100 ml waste coconut oil. The 
reaction temperature for hydrocracking experiments 
were in a range of 350 to 400°C and initial hydrogen 
pressure between 20 to 40 bar. The reaction time was 
varied between 1 and 3 h to determine the optimal 
reaction time. The reactor was then heated up to the 
final temperature and kept at this condition. After 
cooling down the reactor, the liquid products were 
removed. The liquid phase containing the catalyst 
was filtered. The reaction product was then analyzed 
by distillation. Distillation technology can be used to 
separate an oil mixture with wide boiling ranges into 
products with narrower boiling ranges. The oil 
mixture was heated to vaporize the lighter 
components [13, 16]. The conversion and the yield of 
production biofuel were calculated as a follows: 
 

 

 
The product yields were estimated from the 
distillation of the total liquid product. The gasoline 
was estimated as the vol% of the total liquid product 
under a boiling range between 40 and 160°C, while 
the kerosene yield was the vol% of the total product 
with a boiling range between 160 and 270°C and the 
diesel yield with a boiling range between 270 and 
360°C. Moreover, long chain hydrocarbon molecule 
with boiling point > 360°C the unconverted waste 
coconut oil that cannot be produced liquid biofuels. 
 
III. RESULTS AND DISCUSSION 
 
3.1. Catalyst characterization 
Figure 1 represents the XRD spectra of HZSM-5 
catalyst. The diffraction peak characteristics of the 
MFI structure at 2θ = 7-9, 23-25 were observed on 
the XRD patterns of catalyst samples, which is in 

agreement with the previously reported spectrum 
[19]. 

 
Figure 1 XRD patterns of HZSM-5 catalysts. 

 
3.2. The effect of reaction condition 
In this work several parameters are considered for 
evaluating the effectiveness of this technology, 
including hydrocracking temperature, pressure and 
reaction time. 
3.2.1. Effect of reaction temperature 
Temperature has been identified as a key parameter 
for catalyst effectiveness and catalyst life [15]. 
Increasing temperature caused the increase of catalyst 
activity. This study on product yields and quality was 
performed on hydrocracking of virgin coconut oil 
waste at three different reactor temperatures, i.e. 350, 
375, 400°C. The operating conditions were 
hydrocracking conditions with initial pressure 40bar 
and reaction time 1h. 

 

 
Figure 2 Influence of temperature on the production of liquid 

products. 
 

Based on data in Figure 2, the increase of 
hydrocracking temperature, product of kerosene 
fraction was increased while products of diesel and 
heavy fraction were decreased. At higher 
temperature, light hydrocarbon could be cracked 
more, because thermal cracking was faster than 
catalytic cracking. It was found that at 400°C and 
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40bar produced the highest yield of kerosene fraction 
of 22.4% and the highest waste coconut oil 
conversion of 80%. The highest yield of coconut oil 
to be diesel fraction was 70% at temperature of 
350°C. It is attributed that increasing temperature 
causes more intensive cracking thus not only heavier 
molecules but also some diesel molecules are further 
cracked into lighter molecules [18]. 
 
3.2.2. Effect of reaction pressure 
The hydrogen consumption is one of the important 
factors in hydrocracking reaction, thus the effect of 
the initial hydrogen pressure of the reactor were 
studied. To evaluate this effect, several experiments 
were performed in an internal of 20 to 40bar. Figure 3 
show the yields for the different fractions obtained 
where using HZSM-5, a reaction time of 60 min at 
400°C, and different initial hydrogen pressure. 
 
The decrease of diesel yield indicates that catalytic 
cracking of these compounds into lighter 
hydrocarbons is more favorable under high reaction 
pressure. In the interval from 20 to 40bar, the yield of 
kerosene is slightly affected by the pressure, as it only 
varies from 21.6% to 24.8%. The conversion of liquid 
biofuel was slightly reduced from 82% to 80% when 
increased the initial pressure of the reaction. 
 

 
Figure 3 Influence of reaction pressure on the production of 

liquid products. 
 
3.2.3. Effect of reaction time 
Figure 4 shows effect of reaction time on the yield of 
biofuel during the hydrocracking of coconut oil using 
HZSM-5 at 400°C and 40 bar. The yield of gasoline 
and kerosene increased with increasing reaction time 
from 60 to 180 minutes. At 400°C and 3 h reaction 
time produced the highest yield of kerosene fraction 
of 35.6%. However, the yield of diesel is slightly 
increased from 54.4% to 56% with increasing 
reaction time from 60 to 120 minutes, while the 
reaction of 120 minutes caused the yield of diesel 
reduced to about 36%. At the increase of the reaction 
time, the hydrocracking reaction continued cracking 
led to a light hydrocarbon gaseous product giving the 

conversion of liquid biofuel was decreasing from 
80% to 75%. 

 
Figure 4 Influence of reaction time on the production of liquid 

products. 
 

CONCLUSIONS 
 
Hydrocracking of waste virgin coconut oil with 
HZSM-5 catalyst giving the highest yield of gasoline 
and kerosene was achieved at the condition of 
temperature at 400°C, initial pressure 40 bar and the 
reaction time 180 minutes with a 4% and 35.6%, 
respectively. Temperature and the reaction time had 
direct effect on yields of gasoline and kerosene, 
whereas they had an adverse effect on. The increased 
of pressure had slight effect on the increase of yield 
of liquid biofuel. 
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