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Vol 1, No 1 (2014)
International Seminar on Applied Technology, Science, and Arts
(APTECS) 2013

APTECS is an Annual International Seminar on Applied Technology, Science, and Arts. APTECS has been held by LPPM-ITS
since 2009. Starting from the year of 2013, the 4th APTECS, there will be three main events, namely the International
Conference, the Business Forum, and the Exhibition.
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Biofuel Produced from Nyamplung Oil Using 
Catalytic Cracking Process with 

Zn-HZSM-5 Catalyst          
Agus Budianto1, Danawati Hari Parjitno1, Kusno Budhikarjono1,  

Achmad Roesyadi1, and Ratna Ediati 2 
 

AbstractIndonesia Presidential Regulation No. 5/2006 on National Energy Policy suggests that the government should 
speed up the implementation of the use of alternative energy or fuel substitution. Biofuel synthesis is one way to overcome the 
shortage of energy and reduce global warming due to the use of fossil fuel. Biofuel can be produced from a variety of vegetable 
oil. Beside palm oil, nyamplung oil can be used to produce biofuel. The technically main obstacle in producing biofuel is the 
availability of the catalyst. The availability catalyst are only imported and expensive. Researchers have tried to engineer a new 
type of catalyst that complete the weakness of zeolite based catalyst. The study was conducted through experimental approaches, 
testing and observations and conducted the correlation of experiment variables with the quality of the resulted catalyst. The 
experiment was done by synthesizing catalyst and testing it to produce biofuel from nyamplung oil. The focus of the research is 
directed to the effect of operating variables on the composition of the resulted biofuel and obtain catalyst performance condition 
and optimum condition to produce biofuel in the fixed bed reactor. The resulted catalyst can change the nyamplung oil into 
biofuel. Biofuel from nyamplung oil cracking process showed that the composition is biogasoline, biokerosene and biodiesel. 
Biodiesel fraction is the highest fraction of the biofuel produced. The highest percentage of biodiesel at a temperature of 400°C 
was 60%, while the lowest percentage of biodiesel at a temperature of 300°C was 48%. Products density was in the range of 0.81 
to 0.86 g/ml. The highest density occured at a reactor temperature of 300 °C was 0.86g/ml. The higher the nitrogen gas flow rate 
the more the biodiesel formed. At a temperature of 300°C and a nitrogen flow rate of 100 ml/min, the composition solar 
achieved was 60%. 

 
Keywords Biofuel, Cracking, Catalyst, Nyamplung Oil, and Zeolites. 
 

I. INTRODUCTION1 
n 2006, the Indonesian government has issued a policy 
that mandates a policy of national  energy 

diversification. Presidential Decree No..5/2006 on 
National Energy Policy. This regulation states that the 
government should speed up the implementation of the 
use of alternative energy or fuel substitution in order to 
reduce fuel subsidy. Fuel used by the transport sector is 
the biggest consumption of the energy mix, so as to 
improve fuel security of supply in order to achieve a 
balance of energy mix by 2025. On the other hand 
depletion of world oil reserves and increasing 
environmental concerns pose a great demand to find a 
replacement for alternative sources of petroleum based 
fuel, including diesel and gasoline fuel (Leung et al, 
2010). 

Many scientists began researching to find a new kind 
of energy that is cheap, easy and environmentally 
friendly to replace energy sources that are available now, 
namely the use of vegetable oil. Vegetable oil which is 
converted into biodiesel by esterification and 
transesterification processes (Leung et al, 2010; Bhale, 
2009, Demirbas, 2003; Budianto, et al, 2003, Kansedo et 
al, 2008) produces alkyl ester biodiesel. The completion 
of the characteristic of alkyl ester combustion was done 
by forming ozonida biodiesel (Bismo, 2005; Budianto, 
2009). Vegetable oil can also be converted to biofuel by 
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cracking to produce the broader product, i.e., biofuel 
(Dandik et al., 1980; Chang, 1983; Bhatia, et al., 1999; 
Farouq et al., 2004; Charusiri, & Vitidsant, 2005; 
Masuda et al., 2001; Thiam, 2009; Nurjannah et al, 
2009a). Biofuel has advantages compared with alkyl 
ester biodiesel. The advantages of biofuel is that the 
product is liquid fuel with chemical components similar 
to those in conventional diesel oil (Dykstra. et al, 1988; 
Adjaye, et al, 1995). 

Biofuel can be produced from a variety of plant and 
animal oil, but it is very interesting if the oil is an 
Indonesia’s distinctive plant such as nyamplung. 
Nyamplung advantage as a raw material of biofuel is the 
seed has high yield, up to 74 %, and in the interests of its 
utilization, it does not compete with food. Several 
advantages in terms of the prospect of nyamplung 
development and other uses are nyamplung plant grows 
and spread naturally evenly in Indonesia; it easily 
regenerates and fruits throughout the year showed a 
highly survival power of the environment; a crop plant 
which is relatively easily cultivated either type 
(monoculture) or mixed forest (mixed-forest); it is 
suitable in drier climates; almost all parts of the the plant 
are useful and it produces a variety of products that has 
economic value; stand of nyamplung forest serves as a 
wind breaker for agricultural crops and conservation of 
coastal border, and the utilization of nyamplung biofuel 
reduces the use of forest trees for firewood; seed 
productivity is higher than that of other types of plant. 
Jatropha, palm and nyamplung produce seed of 5 
tonnes/ha, 6 tonnes/ha and 20 tonnes/ha respectively. 
(PRESS RELEASE Number: S. 428/II/PIK-1/2008, 
Ministry of Forestry Republic of Indonesia) 

Nyamplung oil is one of the alternatively potential raw 
materials to produce biofuel as a substitution of gasoline, 
kerosene and diesel because it is potential for the 

I 
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development of nyamplung oil. This is supported by the 
fact that nyamplung cultivation does not require high  
investment. Potential availability of land for the 
development of nyamplung plants spread throughout 
Indonesia. When all of the needs of the biofuel were 
supplied by nyamplung, it will be needed 720,000 kilo 
liters of biodiesel, equivalent to 5.1 million tonnes of 
nyamplung seed, assuming that 2.5 kg of the seeds will 
produce 1 liter nyamplung oil. Thus it would need a 
minimum area of nyamplung crops of 254,000 acres in 
2025. With the same pattern with the economic analysis 
study on the construction of Public Plantation Forest 
(HTR) which states that it takes 1 worker for 1 ha. Thus 
nyamplung cultivation area of 254 thousand hectares will 
be able to absorb 254 thousand workers. (ibid) 

Production of biofuel from plant oil such as palm oil 
using zeolite as catalyst in the cracking process has been 
widely studied (Nurjannah, 2009a; Twaiq et al 1999; 
Twaiq et al., 2003; Twaiq et al., 2004; Ooi et al., 2003, 
Ooi et al.2004a; Ooi et al. 2004b; Nurjannah et al., 
2009). HZSM-5 zeolite and its modification using a 
steering metal such as Cu, Ni, Zn, Pd, Au and Pt have 
properties and good performance in hydrocracking 
process (Budianto et al 2010, Budianto et al 2011, 
Budianto et al 2012, Nurjannah et al, 2009a). Zn-HZSM-
5 is highly recommended for palm oil cracking because 
it has the highest yield for gasoline (Roesyadi et al, 
2012). The modified catalysts are very good for palm oil 
cracking process, but the catalysts have not been tested 
for catalytic cracking of nyamplung oil to produce 
biofuel. The research team estimated that Zn-HZSM-5 
catalyst is very interesting and it can be used for catalytic 
cracking process of nyamplung oil to produce biofuel, 
where the operating condition of the process still needs 
to be studied further. Although it is triglyceride oil but 
the composition of fatty acids is different, so it is 
interesting to be studied. 

A. Research Objectives 
The purpose of this research is to study the operating 

condition of catalyst preparation of Zn-HZSM-5 and to 
determine the characteristics of the resulted catalyst and 
cracking reaction operating condition of nyamplung oil 
converted into biofuel with the yield of biogasoline, 
biokerosene and biodiesel. Additionally, the purpose of 
this research is to study the effect of feed flow rate, 
temperature, catalyst composition of nyamplung oil 
cracking reaction on the selectivity of biofuel produced. 

B. Literature Study 
Biofuel is liquid or gaseous fuel that can be produced 

from biomass or substrate of bioresource (Stocker, 
2008). Biofuel offers a number of advantages over fossil 
fuel in terms of (a) the availability of renewable 
resources, (b) represents the CO2 cycle in the 
combustion, (c) green (d) biodegradable and sustainable 
(Puppan, 2002). In recent years, research on biofuel has 
been done a lot, such as the use of various types of 
catalyst for biofuel products (Farouq et al, 2004, 
Chewand Bhatia, 2008), studies of the optimization of 
the reactor used (Tamunaidu and Bhatia, 2007). Kinetics 
of cracking oleic acid to produce biofuel (Nurjannah et 
al, 2010), the use of composite catalyst and deactivation 
studies on palm oil cracking process to produce biofuel 

(Bhatia et al, 2009). Hydrocracking of used oil can also 
be processed into biofuel (Bezergianni and Kalogianni, 
2009). 

The increasing of interest in producing biofuel is 
caused by the depletion of fossil fuel. Environmental 
pollution is also a major factor to look for alternative 
energy sources. Today, 86% of world energy 
consumption and nearly100% of the energy needed in 
the transport sector is fulfilled by fossil fuel (Dorian et 
al, 2006). Since the world's oil reserve has begun 
gradually depleted, it is important to develop a suitable 
long-term strategy and based on the utilization of 
renewable fuel, it will replace fossil fuel gradually 
(Westermann et al, 2007). Palm oil has attracted the 
attention of researchers to develop environmentally 
friendly products and high-quality fuel, free of nitrogen 
and sulfur (Tamunaidu, 2006). Thus, nyamplung oil is 
expected to give higher quality than palm oil. 

Nyamplung oil is vegetable oil. Oil is a general term 
for all organic liquid that are not soluble/mixed in water. 
Vegetable oil has long hydrocarbon chains that are 
similar to petroleum. Because of the similarity of the 
hydrocarbon chain, nyamplung oil can be used as 
biofuel. Therefore, petroleum cracking process can be 
applied to the manufacture of biofuel from vegetable oil 
(Nurjannah et al, 2010). 

II. METHOD 
Materials used for this study are divided into two 

groups. The first group is materials for making synthetic 
Zn-HZSM-5 catalyst: water glass, 
alum/Al2(SO4)3.18H2O, H2SO4, HCl, NaOH, NH4Cl, Na 
SiO4, H2 gas and Zn Chloride. The second group is 
materials for cracking N2 gas, nyamplung oil and seed. 

The research equipments used to produce catalyst are 
autoclave and furnace equipped with thermocouple and 
temperature indicator, stainless steel hose, thermometer, 
hotplate, stirrer, micro bed reactor with high pressure, 
stative and clamp. While the characteristics of the 
catalyst test were conducted by Brunauer Emmett Teller 
(BET), Atomic Absorption Spectroscopy (AAS), and 
Scanning Electron Microscope (SEM). Equipment used 
in nyamplung oil cracking process establish biofuel is 
presented in Figure 1. 
This study include: 

The preparation stage of basic catalyst of synthetic Zn-
HZSM-5 was the process of making synthetic zeolite 
catalyst which was done in two steps, i.e. synthesis and 
characterization of catalyst. In synthesis step, the process 
of making synthetic zeolite catalyst in an autoclave 
reactor and the results are expected to form NaZSM-5 
and continued with the process of change into Zn-
HZSM-5. In the second step, the catalyst was 
characterized to obtain the ratio of Si/Al, surface area 
and pore volume (porosity). Catalyst activation process 
was then conducted with impregnation of zinc metal. 

The stage of nyamplung oil catalytic cracking process 
in the fixed bed micro-reactor gas phase was conducted 
at equilibrium temperature at a pressure of 1 atm. 
Cracking products were analyzed by gas chromatography 
FID column carbowax types of 20 meter. Analysis of the 
density was done by pycnometer. 
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III. RESULT AND DISCUSSION 

A. Determination of the composition of biofuel 
The resulted catalyst was tested in a fixed bed reactor 

at various temperatures to convert  nyamplung oil into 
biofuel. The resulted products, biofuel, were analyzed 
using gas chromatography equipment (GC). By 
comparing the chromatogram of biofuel against the 
chromatogram of gasoline, diesel and kerosene, it will be 
obtained commercially produced biofuel composition. 
Figure 2, Figure 3 and Figure 4, are chromatograms 
using GC for commercially gasoline, kerosene and diesel 
fuel. 

Figure 2, 3 and 4 were used to calculate the 
composition of biofuel based on its rentention time. 
Rentention time is between 0-17, 17-35 and 35-60 for 
gasoline, kerosene and diesel respectively. The 
chromatograms using GC for biofuels from nyamplung 
oil can be seen in Figure 5, 6 and 7. 

By comparing the biofuel retention time data with the 
rentention time of commercial gasoline, kerosene and 
diesel, it was obtained biofuel product composition as 
shown in Figure 8. Figure 8 shows that the highest liquid 
biofuel composition is biodiesel and the lowest 
composition is biogasoline. In the temperature range of 
300-400°C, it shows that the higher the temperature the 
higher the composition of biodiesel, but the higher the 
temperature the lower the composition of biokerosene. 

B. Effect of nitrogen flowrate 
Nitrogen gas is used to push the vapor of nyamplung 

oil feed to the reactor. The nitrogen flow rate affects the 
composition of the resulted product. In Figure 9, it can 
be seen that the higher the nitrogen gas flow rate the 
higher the composition of biodiesel, but the higher the 
nitrogen gas flow rate the lower the compositions of both 
biokerosene and biogasoline. 

IV. CONCLUSION  
From the research that has been done a few 

conclusions can be drawn: Biofuel from nyamplung oil 
cracking process showed that the composition was 
biogasoline, biokerosene and biodiesel. The Results of 
the chromatogram of biofuel from nyamplung oil using 
GC equipment showed that the highest percentage of 
biodiesel at a temperature of 400°C was 60%, while the 
lowest percentage of diesel fuel at a temperature of 
300°C was 48%. Products density was 0.81 to 0.86 g/ml. 
The highest density occured at a reactor temperature of 
300 °C was 0.86 g/ml. The higher the nitrogen gas flow 
rate the more the biodiesel formed. At a temperature of 
300°C and a nitrogen flow rate of 100 ml/min, the 
composition biodiesel achieved was 60%. 
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Figure 1.  Equipment of  vegetable oil cracking process 

 

 
Figure 2. Chromatogram using GC for  commercial gasoline 

 

 
Figure 3. Chromatogram using GC for  commercial kerosene 

 

 
Figure 4. Chromatogram using GC for  commercial biodiesel 

 

 
Figure 5. Chromatogram using GC for biofuel from nyamplung oil at a 

temperature of 300°C 
 

 
Figure 6. Chromatogram using GC for biofuel from nyamplung oil at a 

temperature of 350°C
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Figure 7. Chromatogram using GC for biofuel from nyamplung oil at a 

temperature of 400°C 

 

 
Figure 8. The effect of reactor temperature on the composition of the 

resulted biofuel 
 
 

 

 
Figure 9. The effect of nitrogen gas flow rate on the composition of biofuel at 300°C 

 
 
 
 


