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ABSTRACT: Catalytic cracking process of palm oil into bio-fuel using Ni/zeolite catalysts (2-10% wt. Ni) at various reaction 

temperatures (400-500oC) in a flow-fixed bed reactor system has been carried out. Palm oil was pre-treated to produce methyl 

ester of palm oil as feedstock in the catalytic cracking reactions. The Ni/zeolite catalysts were prepared by wetness impregnation 

method using Ni(NO3)2.6H2O as the precursor. The products were collected and analysed using GC, GC-MS, and calorimeter. The 

effects of process temperatures and Ni content in Ni/zeolite have been studied. The results showed that Ni-2/zeolite could give a 

yield of 99.0% at 500oC but only produced gasoline fraction of 18.35%. The physical properties of bio-fuel produced in this 

condition in terms of density, viscosity, flash point, and specific gravity were less than but similar to commercial fuel. The results of 

performance test in a 4-strike engine showed that the mixture of commercial gasoline (petrol) and bio-fuel with a ratio of 9:1 gave 

similar performance to fossil-based gasoline with much lower CO and O2 emissions and more efficient combustion. 
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1. Introduction 

The increase of world wide energy demand causes 

the depletion of fossil-based petroleum fuels. Due to its 

non reneawable properties, exploration on a renewable 

fuel source, inexpensive, abundant, biodegradable, and 

environmentally friendly is paid more attention. 

Extensive research on the production of liquid fuels 

have been done using various raw materials such as 

sunflower seed oil (Demirbas 2003), used cooking oil 

(Styles 2003; Handoko 2006), canola oil (Idem et al. 

1997), palm oil (Kadarwati and Wahyuni 2011; Sang 

2003; Nasikin et al. 2009; Siregar and Amin 2006; 

Siswanto et al. 2008; Twaiq et al. 1999; Twaiq et al. 

2003; Wijanarko et al. 2006), and vegetable oils 

(Kloprogge et al. 2005). Two main fractions are paid 

intensive attention in the production of bio-fuel, i.e. 

diesel fraction (Demirbas 2003; Style 2005; Twaiq et al. 

1999; Twaiq et al. 2003; Sang, 2003; Kloprogge et al. 

2005; Idem et al. 1997) which does not require high 

temperatures in order to lower production costs and 

gasoline fraction. The production of gasoline fraction 

from renewable materials is a challenging process due 

to its more strict requirements (e.g. requires higher 

temperature process and the presence of hydrogen) 

compared to that of diesel fraction, which require a 

higher cost production. However, as the gasoline 

fraction is widely used as liquid fuels, the production of 

renewable gasoline fraction is important to further 

substitute the fossil-based gasoline fraction. 

Palm oil is one of renewable sources which can be 

converted to bio-fuels. It mainly contains palmitic acid 

(16:0) and oleic acid (18:1). Esterification of palm oil by 

reaction with methanol will result in methyl esters of 

palm oil which is also called as bio-diesel. This methyl 

ester is suitable for diesel engine (Choo and Ma 1996). 

However, for gasoline engine, this methyl ester needs to 

be further processed to meet the requirements of 
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gasoline engine. It was observed in our preliminary 

study that palm oil without esterifaction treatment was 

more difficult to convert directly to bio-fuel with high 

gasoline fraction. Further catalytic cracking process of 

methyl ester of palm oil is necessary to deoxygenate it 

to make it compatible as a fuel due to the large amounts 

of oxygen (Yakovlev et al. 2009) and crack the heavy 

hydrocarbons to the light ones. On the other hand, 

Indonesia natural zeolite has a great potential as a 

cracking catalyst (Handoko 2006; Nasikin et al. 2009). 

the modification of the zeolite such as acid treatment 

and impregnation of active metals can improve the 

activity of the zeolite (Handoko 2006; Nasikin et al. 

2009; Kadarwati and Wahyuni 2011). 

Thermal cracking at high temperatures of vegetable 

oils, animal fat, natural fatty acids, and methyl esters of 

fatty acids will produce lighter hydrocarbon fractions 

(light hydrocarbons) (Style 2003). This hydrocarbon 

light fraction is bio-fuel containing gasoline and diesel 

fraction with the percentage of the former was higher 

than that of the latter. Palm oil can also be thermally 

cracked at high temperatures into hydrocarbons which 

can be used as an alternative fuel for clean fuel engines 

(Demirbas 2003). The use of catalysts during the 

process is very important to keep a low production cost 

due to high temperature process. Catalysts with pores 

in the mesoporous region, high Si/Al ratio, and high 

surface area are very effective in the reaction of long 

carbon chain termination in palm oil to produce diesel 

fraction, even gasoline fraction (Twaiq et al. 2003). 

Catalytic cracking of palm oil, canola oil, and sunflower 

oil combined with deoxygenation reaction using 

pillared clay as a catalyst produced bio-fuel compounds 

consisting of gasoline, diesel and kerosene (Kloprogge 

et al. 2005), while palm oil cracking with zeolite 

catalysts type MCM-41 and in a fixed-bed reactor 

system at a temperature of 450oC resulted in bio-fuel 

with linear hydrocarbon compounds (straight chain) 

(Twaiq et al. 2003). The amount of gasoline fraction will 

increase with the decrease of that of diesel fraction in 

the conversion of palm oil. 

The catalytic cracking of palm oil using a fixed-bed 

reactor and zeolite HZSM-5 as a catalyst at a 

temperature of 400oC produces hydrocarbons with a 

gasoline fraction of 40-70% (Leng 1999). Conversion of 

palm oil with HZSM-5 catalyst primarily involve 

cracking and deoxygenation. The catalytic conversion of 

palm oil using composite micro-mesoporous zeolite as a 

catalyst in a fixed-bed reactor system operated at a 

temperature of 450oC produced gasoline fraction of 48 

wt.% of 99 wt.% converted palm oil (Sang 2003). 

Conversion of palm oil using HZSM-5 catalyst resulted 

in a similar result as that using β-zeolite and Y-zeolite 

(USY-zeolite) catalysts. The conversion can reach 99% 

with the gasoline fraction of 28 wt.% (Twaiq et al. 

1999). The results of these studies concluded that 

zeolite-based catalysts, especially the type of HZSM-5 is 

a promising catalyst to convert palm oil to produce 

gasoline fraction and selective for aromatic compounds 

as well as a low coke formation. 

The catalytic conversion process of palm oil with 

catalyst Ni/zeolite using nitrogen as a carrier gas only 

produced gasoline and diesel fractions of 27.5% and 

36.08%, respectively (Handoko 2006). In this study, 

nitrogen was no longer used due to its inert properties, 

and replaced by hydrogen which has dual functions as a 

reducing agent for catalyst and cracking agent for palm 

oil. The catalytic cracking of palm oil in this study used 

the catalysts based on the utilization of Indonesia 

natural zeolite as a smart material, Ni/zeolite, which 

were prepared by wetness impregnation method with 

active metal contents of 2-10% Ni at various reaction 

temperatures (400-500oC) in order to get a renewable 

and environmentally friendly bio-fuel along with its 

characteristics and performance.  

2. Materials and Methods 

2.1 Materials 

Indonesian natural zeolite was obtained from PT. 

Zeolite Prima (Yogyakarta, Indonesia). The catalyst 

Ni/zeolite catalyst prepared by wetness impregnation 

method using a solution of nickel nitrate hexahydrate 

Ni(NO3)2.6H2O (E. Merck) as a metal precursor with Ni 

content of 2-10 wt.%. The details of the catalyst 

preparation and characterization was reported earlier 

(Kadarwati and Wahyuni, 2011). Hydrogen, nitrogen, 

and oxygen gases (99.9% purity) were purchased from 

PT. Samator Gas (Semarang, Central Java). 

Palm oil was obtained from a traditional market in 

Semarang, Central Java, in the form of cooking oil. 

Before undergo a catalytic craking process, palm oil was 

pre-treated with potassium methoxide in order to 

obtain the methyl ester of palm oil by reacting 

potassium methoxide generated from the reaction of 

potassium hydroxide (99.5%, E.Merck) with methanol 

(99.8%, E.Merck). 

2.2 Catalytic cracking of palm oil 

Catalytic cracking reaction in this study was carried 

out in a fixed-bed reactor system (Fig. 1). 5 grams of 

catalyst (in granular form) was placed in the reactor 

column and then heated to a temperature of 400-500oC 

with hydrogen gas with a flow rate of 50 mL/min. After 

reaching the desired temperature, 25 mL of the methyl 

ester of palm oil was quickly heated up and the vapour 

went together with hydrogen through catalyst bed. The 

product then condensed in a ice condenser equipped 

with a cooling coil for a better product condensation. 

After a 60-minutes reaction, reaction was stopped and 

the system was cooled down. The product obtained was 

collected and weighed for further analysis. 
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I                   = Cooling water in 5 = Cooling coil 

O                  = Cooling water out 6 = Product container 

R1, R2, R3 = Electrical regulator 7 = Ice bath 

T1, T2        = Thermocouple reading 8 = Thermocouple reading 

1                 = Stative 9 = Feed evaporator  

2                 = Furnace tube 10 = gas flow meter 

3                 = Catalyst bed 11 = Gas regulator 

4                 = Reactor 12 = Hydrogen Cylinder 

 

Fig. 1 The fixed-bed reactor system used in the catalytic cracking 

experiments 

 

2.3 Analyses 

The liquid product was analysed using Gas 

Chromatography (GC) Agilent Technologies 6820 

equipped with a semipolar HP5 column (length 30 m, 

diameter 0.32 mm), and a FID detector. The liquid 

product with the highest yield was further analysed by 

using Gas Chromatography QP2010S SHIMADZU 

equipped with MS detector, Rastek RXi-5ms column 

(length 30 m, internal diameter 0.25 mm), and He gas as 

a carrier gas to determine the compounds in the liquid 

product (bio-fuel), and using a bomb calorimeter to 

determine the physical properties of the liquid product. 

The bio-fuel obtained at the best condition was also 

tested in a 4-strike engine to measure its compatibility 

of the bio-fuel produced as a fuel and/or as a co-

blending fuel. 

2.4 Calculation 

Yield is defined as the weight of liquid product 

obtained in each xperiment divided by the weight of 

methyl ester of palm oil input. 

 

   (1) 

 

Gasoline fraction is defined as the weight of 

hydrocarbon with C6-C9 (detected by GC-MS) divided by 

the weight of methyl ester of palm oil input. 

 

  (2) 

 

3. Results and Discussion 

3.1 Effect of temperatures and nickel content on the yield 

of bio-fuel 
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Fig. 2 The yield of bio-fuel in the catalytic cracking of methyl ester of 

palm oil in a fixed-bed reactor system at different temperatures (400-

500oC) using Ni/zeolite catalysts with different Ni content (2-10%) 

 

The details of the preparation of Ni/zeolite catalysts 

by wetness impregnation method with different Ni 

content and their characteristics were described 

elsewhere (Kadarwati and Wahyuni 2011). This paper 

is focusing on the activity of the prepared catalysts in 

the catalytic cracking process of palm oil. Fig. 2 shows 

the yield of the liquid product obtained at different 

process temperatures (400-500oC) using Ni/zeolite 

catalyst with different Ni content ranging from 2% to 

10%. By increasing temperature, it was observed that 

the yield is considerably independent to the metal 

active content. Even, Ni-2/zeolite catalyst showed an 

almost constant yield by increasing temperature from 

400oC to 500oC. For catalysts with a higher Ni content  

(4-10%), at 400oC it was shown that the yield was low. 

This is probably related to the amount of Ni metal 

loaded on the surface of the zeolite. The increase in the 

metal content would cause agglomeration of the metal 

on the surface of the support thus decreasing the 

specific surface area of the catalyst as a whole. This will 

lead directly to the decrease in the number of active 

sites of the catalyst. It can be shown from this study that 

the increase in the amount of Ni metal loaded is not 

followed by an increase in the activity of the catalyst. It 

was also pointed out by the decrease in acidity and 

porosity of the catalysts with an increased Ni loaded 

(Kadarwati and Wahyuni 2011). In addition, an 

increasing Ni loaded will increase the number of Lewis 
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acid sites but is accompanied by a decrease in Bronsted 

acid sites which play a greater role in the process of 

cracking due to its function in binding and activating the 

methyl ester of palm oil. Thus, the bio-fuel produced at 

500oC using Ni-2/zeolite catalyst was further analyzed 

using GC-MS to investigate the compounds and also 

using calorimeter to investigate the physical 

characteristics. 

The selectivity of desired product (in this study, the 

desired product is gasoline fraction) tends to decrease 

by increasing the active metal loaded at the surface of 

support (zeolite) (Siregar and Amin 2006) even though 

the yield might be similar. It might be caused by the size 

and the increasingly diverse active sites of the catalyst 

as a result of the rearrangement of the morphological 

structure of the catalyst due to the inclusion of active 

metals Ni in large quantities. The balance of solid 

structure would be disturbed by the presence of metal 

loaded, especially in a considerable amount. 

Catalytic cracking process of methyl ester of palm oil 

into bio-fuel involves many complex reactions; even 

might generate hundreds of new compounds during the 

reaction involving multiphase reactions. These 

reactions are not only influenced by the presence of a 

catalyst, but also influenced by the thermal reaction. For 

this reason, the higher the temperature might give the 

greater conversion. This phenomenon occurs due to the 

diffusion process. Before the catalytic conversion 

occurs, the methyl ester of palm oil will first diffuse 

toward the catalyst pores. Upon entering the inner 

pores of the catalyst, the reaction will occur in the 

catalyst pores followed by diffusion of products in the 

gas phase leaving the surface of the catalyst. However, 

the effect of temperature makes energy reactant 

molecules increases. As a result, the movement of the 

active molecule will hinder the process of diffusion. At 

high temperatures, the rate determining step is the 

diffusion phase reactants on the catalyst surface 

(Siswanto et al. 2008). 
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Fig. 3 The yield of bio-fuel in the catalytic cracking of methyl ester of 

palm oil in a fixed-bed reactor system at a temperature of 500oC with 

different catalyst. 
 

Different results were obtained by Wijanarko et al. (2006) who used γ-alumina as catalyst. He and 

coworkers found the lower optimum temperature of the 

catalytic cracking of palm oil into gasoline fraction. 

However, the high thermal stability of zeolite compared to that of γ-alumina would make it more beneficial for 

commercial meaning in the exploration of renewable 

bio-fuel. In addition, the abundant availability and the 

inexpensive price of zeolite are other advantages of 

utilization of zeolite. 

To see the real effect of catalyst on the catalytic 

cracking, the blank experiments were carried out for 

comparison. The yield of bio-fuel product using Ni-

2/zeolite, untreated zeolite, and pre-treated zeolite (H-

zeolite) at 500oC is depicted in Fig. 3. It was confirmed 

that at 500oC the role of thermal reaction is significant. 

The presence of Ni-2/zeolite catalyst could only slightly 

increase the yield of bio-fuel produced. However, it 

could be expected that the presence of catalyst could 

increase the selectivity of the gasoline fraction over the 

whole product. 

 

3.2 GC-MS analysis 

Table 1 provides an overview of the compounds in 

the bio-fuel sample produced at 500oC by using Ni-

2/zeolite catalyst. Of the ten peaks which were observed 

on the chromatogram, three of which cannot be detected 

by MS i.e. the peak number 1 in 1.5 minutes retention 

time, peak number 2 at 1.8 retention time and peak 

number 6 with a retention time of 7.1 minutes. This is 

possible because of a very weak peak intensity which 

indicates the low concentration of the corresponding 

compound. 

  
Tabel 1  

Compounds in the bio-fuel sample produced at 500oC using Ni-

2/zeolite catalyst detected by GC-MS 

Retention time 

(min) 

Mr 

(g/mole) 

Name of compound 

2,160 46,0 Formic acid 

2,495 60,0 Acetic acid 

3,180 88,05 1,4-dioxan 

7,285 160,0 Hexanoic acid 

7,405 94,1 Phenol 

8,910 130 Heptanoic acid 

9,010 108 p-Cresol  

 

The Ni/zeolite catalyst has Lewis and Bronsted acid 

sites that allow the hydrogenation process which could 

result in bonding cleavages. The high content of acid 
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sites on the catalyst causes hydrogenated sustainable 

cracking reaction so that the products detected by GC-MS 

were predominantly C2 products. Aromatic products 

which usually dominate the results of palm oil 

hydrogenated-catalyzed cracking process as it has been 

reported by Siregar and Amin (2006) did not occur. In 

this study, such products was only about 10-12%. 

 
Tabel 2  

The composition of bio-fuel produced from catalytic cracking of methyl 

ester of palm oil at 500oC using Ni-2/zeolite catalyst 

Fraction Yield (%) 

C2-C3 80.23 

C4-C5 1.42 

C6-C9 18.35 

 
Table 2 shows that the bio-fuel produced from the 

catalytic cracking of methyl ester of palm oil at 500oC 

using Ni-2/zeolite catalyst was predominated by light 

fraction. The product was not in gasoline fraction. 

Gasoline fraction has a range of number of carbon 

atoms 5-10 (Nasikin et al. 2009). The high yield of light 

products might be caused by the high cracking activity 

of the zeolite carrier as a result of the high acidity of the 

zeolite. Such conditions are not favored in the 

production of liquid fuels because it would give a low 

yield. Thus the yield of bio-diesel produced from this 

study only 18, 35%. These results are lower than those 

obtained Wijanarko et al. (2006) who reported that the 

yield of gasoline fraction obtained from catalytic 

cracking of palm oil catalysed by γ-alumina was 45.4%. 

However, the bio-fuel obtained from his study 

contained a lot of heavy fractions. It is clear tha the 

cracking activity of zeolite-based catalyst is higher that 

that of alumina based. 

The analysis result using GC-MS showed that biofuel 

produced at 500oC using Ni-2/zeolite catalyst contained 

cyclic compounds, carboxylic compounds, and paraffinic 

compounds with a total amount more than 20% .This 

result is similar to that reported by Wijanarko et al. 

(2006), Farouq et al. (1999), and Farouq et al. (2003). 

From these results, it could be confirmed that the pure 

paraffinic compounds in gasoline fraction which are in 

composition range of commercial gasoline are 

heptanoic acid and hexanoic acid, whereas the aromatic 

compounds are p-cresol and phenol. 

It is expected that the active sites of the catalyst 

could play an important role to break the double bond 

of oleic acid. Breaking the double bond is easier than the 

single bond. In this case, the methyl ester molecules can 

enter the pores of the catalyst with a diameter of ± 0.56 

because the longitudinal diameter (about 5.3 to 7.4 ° A) 

and the chain length of the methyl esters (about 30-45 ° 

A) are smaller than the pores of the catalyst (Nasikin et 

al., 2009). Unsaturated molecules such as methyl ester 

of oleic acid are not favored in the bio-fuel because it is 

prone to react with impurities which are present in 

fuels or even with other methyl esters of oleic acid, 

forming undesirable polymer molecules (Idem et al., 

1997). 

 

3.3 Physical properties of bio-fuel 

To evaluate the bio-fuel produced in the catalytic 

cracking process at 500oC  using Ni-2/zeolite catalyst, 

the measurement on its physical properties has been 

conducted. The physical properties inlude density, 

viscosity, flash point and specific gravity as summarized 

in Table 3. The density of the bio-fuel was lower than 

that of the methyl esters of palm oil which is down from 

0.996 g/cm3 for he methyl ester to  0.88 g/cm3 for the 

bio-fuel. It indicates that the cracking reaction actually 

occurs as evidenced by a decrease in the density of the 

product due to the production of lighter hydrocarbons 

fraction, besides indicated by the appearance of new 

peaks with retention times less than 14 minutes in the 

GC chromatogram. Flash point and specific gravity are 

also important characteristics of bio-fuel. The bio-fuel 

product has a flash point and a specific gravity that was 

only slightly higher than the commercial gasoline 

(commercial petrol). Of the four physical characteristics 

analysed in this study, it was shown that the bio-fuel 

produced in this study did not meet the standards of 

fuels yet. However, it may be indicated that the physical 

specifications of bio-fuel produced in this work were 

similar to commercial gasoline. These results 

complemented the results reported by Widjanarko et al. 

(2006) which measured the density and viscosity of bio-fuel produced using γ-alumina catalyst at 340oC for 1.5-

hours reaction time. it had a density and viscosity which 

is very close to commercial gasoline specifications. 
 

Tabel 3  

Physical properties of the bio-fuel produced in the catalytic cracking 

of methyl ester of palm oil at 500oC using Ni-2/zeolite catalyst 

Properties Commercial petrol Bio-fuel 

Densitas (g/cm3) 0.77 0.88 

Viskositas (P) 3.70x10-3 4.60x10-3 

Titik Nyala (oC) 60 64.5 

Specific Gravity (g/mL) 0.76 0.88 

 

 

3.4 Performance test of fuel blending in 4-strike engine 

Table 4 shows some parameters of fuel performance 

including bio-fuel produced in this work and 

commercial gasoline (petrol). In this study, the 

performance parameters of pure bio-fuel were not 

determined due to the limitation of the engine used in 

the performance test. The test was carried out for the 
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mixture of commercial gasoline (petrol) and bio-fuel 

with the ratio of 9:1 and 3:1. It was shown that the bio-

fuel product still had a low performance compared to 

the gasoline did. The mixture of commercial gasoline 

and bio-fuel product with a ratio of 9:1 was able to 

produce a calorific value of 10% lower than that of the 

commercial gasoline (petrol) did, whereas the mixture 

of commercial gasoline and bio-fuel product with a ratio 

of 3:1 gave a calorific value of 11% lower than the 

commercial gasoline (petrol) did. 

Tablel 4  
The results of the performance test of commercial gasoline (petrol) 

and its mixtures with bio-fuel in the 4-strike engine (RPM 8000, 

breaker RPM 5000) 

Parameter  

Type of Fuel 

Petrol 

Petrol:Bio-

fuel 

9:1 

Petrol:Bio-fuel 

3:1 

Calorific 

value  

(KCal/kg) 

10,674.60 9,745.53 9,509.43 

Tortion 

(N.m) 

1.10 3.22 0.78 

Consumption 

time per 2 

mL (s) 

7.87  9.17 9.02 

AVR M/s 10.66 11.37 13.64 

Gas 

emission(%) 

(load 10 kg) 

CO 

CO2 

UHC 

(ppm) 

O2 

0.16 

0.59 

39.70 

 

12.17 

CO 

CO2 

UHC 

(ppm) 

O2 

0,10 

9.51 

60.6 

 

7.92 

CO 

CO2 

UHC 

(ppm) 

O2 

0.12 

7.00 

830 

 

12.74 

 

 

Table 4 also shows that a mixture of commercial 

gasoline and bio-fuel with a ratio of 3:1 had a tortion 

value consumption time per mL which is close to the 

mixture of 9:1 and the commercial gasoline (petrol). It 

indicates that the fuel blend was quite effective. 

However, the 3:1 mixture had a very high value AVR 

with high CO and O2 emissions. It indicates that fuel 

burning of the 3:1 mixture was inefficient which is also 

evidenced by the high UHC (unsaturated hydrocarbons) 

particulate emissions. Thus, the 9:1 mixture had more 

similar performance to the commercial gasoline (petrol) 

with much lower CO and O2 emissions than the 

commercial gasoline (petrol) did. The low O2 emission 

showed that the burning of 9:1 mixture fuel was more 

efficient than that of commercial gasoline (petrol). 

4.   Conclusions 

The catalytic cracking process of methyl esters of 

palm oil in a fixed-bed reactor system at 500oC using Ni-

2/zeolite gave a bio-fuel yield of 99.0 % with a yield of 

gasoline fraction of 18.35%. The physical properties of 

the bio-fuel produced from this process in terms of 

density, viscosity, flash point, and specific gravity were 

lower but similar to the commercial gasoline (petrol). 

The performane test of the mixture of the commercial 

gasoline (petrol) and bio-fuel product showed that the 

9:1 mixture had a similar performance to the 

commercial gasoline (petrol) with much lower CO and 

O2 emissions (62.5% and 65.1% lower, respectively) 

and gave more efficient combustion compared to the 

commercial gasoline (petrol). 
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