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Abstract  

In this study, hydrocracking of coconut oil over Ni-Fe/HZSM-5 catalyst was carried out in a batch reac-

tor under different reaction temperature. Coconut oil is proposed as one of the potential feedstock for 

biofuel production. The Ni-Fe/HZSM-5 catalyst was prepared by incipient wetness impregnation meth-

od. The characterization of Ni-Fe/HZSM-5 catalyst by X-Ray Diffraction (XRD), Scanning Electron Mi-

croscopy-Energy Dispersive X-ray (SEM-EDAX), and Brunauer-Emmett-Teller (BET). The chemical 

composition of biofuel was analyzed by Gas-Chromatography-Mass Spectrometry (GC-MS). The results 

from the GC-MS analysis showed that the hydrocracking reaction over 10 % (Ni-Fe)/HZSM-5 catalyst 

at temperature of 375 oC obtained the highest hydrocarbon content (contained 49.4% n-paraffin, 26.93 

% isoparaffin, 3.58 % olefin) and the highest yield of bio-gasoil 38.6 % in the biofuel liquid hydrocarbon. 

Pentadecane (n-C15) and heptadecane (n-C17) were the most abundant hydrocarbon compounds in bio-

fuel liquid hydrocarbon. Decarboxylation and/or decarbonylation was the dominant reaction pathways 

in this process. Based on the result, the reaction temperature had a significant effect on the distribu-

tion of biofuel composition and yield of biofuel from coconut oil. Copyright © 2019 BCREC Group. All 

rights reserved 
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1. Introduction 

The increase of toxic gases affects earth at-

mospheric condition greenhouse generated by 

fossil fuels consumption. Therefore, it is neces-

sary to find an alternative energy to replace the 

fossil fuel resources which has efficient and sus-

tainable sources with lower emissions. Biomass 

is expected to be a renewable source in the near 

future because it has a great potential for pro-

duction biofuel [1,2]. In this context, the biofuels 

have been proposed as an alternative substitute 

for fossil fuels [3]. Vegetable oils are excellent 

feedstocks for production of renewable energy 

because they contain fatty acids in the proper 

carbon range (in most oil from C14 and C20) that 

can be easily removed by hydrocracking [4,5]. 

Coconut oil (Cocos nucifera) is proposed as one 

of the most potential feedstocks for production 

of biofuel because its seed contains high oil yield 

63-65 % [6]. In addition, the conversion of vege-

table oil via hydrocracking process has been 

 * Corresponding Author.  

E-mail: aroesyadi@yahoo.com (A. Roesyadi);  

Telp: 031-5937968, Fax: 031-5968153  

Received: 16th May 2018; Revised: 18th December2018; Accepted: 22th December 2018;  

Available online: 30th April 2019; Published regularly: 1st August 2019 



 

Bulletin of Chemical Reaction Engineering & Catalysis, 14 (2), 2019, 310 

Copyright © 2019, BCREC, ISSN 1978-2993 

known as one of the most promising methods 

that can directly convert into biofuels. The ad-

vantages of this process is introduction of hy-

drogen gas (remove oxygen atoms in the form of 

H2O, CO, and CO2), then to achieve high liquid 

yields known as biofuel straight chain alkanes 

and high cetane number of the product as main 

product (up to of 75 %) [1,7,8].  

Researchers have reported the conversion of 

vegetable oils into biofuel. Hydrocracking of 

palm oil to jet biofuel over Ni/SAPO-34 catalyst 

was produced the highest alkane selectivity of 

65 %, and lowest arene selectivity of 11 %. The 

jet biofuel yield under catalyst increased from 

21.1 % to 42 % when the reaction temperature 

was increased from 370 oC to 390 oC [9]. Hydro-

genated of rapeseed oil with three Ni-

Mo/Alumina hydrorefining catalyst in a flow re-

actor with temperature ranged from 260 oC to 

340 oC and under pressure of 7 MPa. Reaction 

products were affected by the reaction condi-

tion. Mainly C17 and C18 alkanes and about 40 

wt% of i-alkanes C16-C18 under higher reaction 

temperature and hydrocarbons were detected. 

At lower temperature than 310 oC, the final or-

ganic liquid products contained fatty acid and 

triglycerides [10]. C15-C20 range hydrocarbon 

was produced from hydrotreatment of jatropha 

oil over NiMoLa/Al2O3 catalyst [11]. Hy-

drocracking of soybean oil using a NiMo/ZSM-5 

catalyst was produced hydrocarbon fuel con-

taining gasoline (C5-C12), jet fuel (C8-C16), and 

diesel fuel (C12-C22). When the molar ratio of Ni 

to Mo was 0.5, the highest hydrocarbon fuel 

yield was about 50 % [12]. Catalytic fast pyroly-

sis of biomass with Fe/HZSM-5 catalyst was 

showed the yields of aromatic hydrocarbons 

were significantly increased with the rising of 

temperature from 500 oC to 600 oC and de-

creased with the increase from 600 oC to 800 
oC. It was reported that the addition of transi-

tion metals into HZSM-5 catalyst was used to 

reduce the yields of polycyclic aromatic hydro-

carbons (PAHs) and improve the amounts of 

monocyclic aromatic hydrocarbons (MAHs) [13-

15]. HZSM-5 catalyst was used for the conver-

sion of jatropha oil. It indicates ZSM-5 catalyst 

can produce gasoline along with kerosene and 

diesel range product [16]. 

Zeolites have been successfully used for the 

conversion of oxygenated organic compounds to 

hydrocarbons [17,18]. In particular zeolite 

HZSM-5 is well known as an efficient catalyst 

for the conversion of vegetable oil into hydro-

carbon production due to its crystallinity, high 

surface area, strong acidity and high resistance 

to deactivation. In a reaction involving large 

molecules, such as: triglycerides conversion, 

catalyst accessibility, and textural properties 

have a strong effect on the overall catalytic 

performance [19,20].  

The addition of transition metal compounds 

to zeolite HZSM-5 is expected to modify the 

properties of the catalyst. The combination of 

metal with zeolite leads to bi-functional cata-

lyst showing both acid and metal sites. The 

presence of some metals, such as nickel, is ex-

pected to promote hydrogenation / dehydro-

genation reactions, enhancing the production 

of high quality hydrocarbon in biofuel [21]. 

The objective of this study was to investi-

gate the feasibility of converting coconut oil in-

to hydrocarbons, which could be applied in the 

fuels, by using bifunctional catalyst by incorpo-

rating nickel and iron in zeolite HZSM-5 cata-

lyst. The different loading metal in catalyst has 

been characterized to obtain a better under-

standing of the relationship between catalyst 

performances. The influence of reaction tem-

perature on the hydrocracking process was also 

studied. The Gas Chromatography-Mass Spec-

trometry (GC-MS) was to determine the compo-

sition and product yield of biofuel. 

 

2. Materials and Methods  

2.1 Materials 

Coconut oil was commercially purchased 

from local market in East Java Province, Indo-

nesia. Coconut oil was analyzed using by Gas 

Chromatography-Mass Spectrometry (GC-MS) 

with chromatogram as shown in Figure 4(a). 

Table 1 shown the composition of fatty acid in 

coconut oil. From analysis result, the main 

abundant component in coconut oil contains 

lauric acid of 45.16 %, myristic acid of 14.49 %, 

and oleic acid of 28 %. The main abundant 

component of coconut oil in this research has a 

high content of saturated fatty acid. This same 

result was reported by Zareh et al. [22] that the 

high composition of fatty acid in coconut oil is 

lauric acid of 45.16 %. 

Fatty acid 
Molecular 

formula 
Composition, %wt 

Capric acid C10H20O2 0.03 

Lauric acid C12H24O2 45.16 

Myristic acid C14H28O2 14.49 

Oleic acid C18H34O2 28 

Stearic acid C18H36O2 3.49 

others - 8.83 

Table 1. Fatty acid composition of coconut oil 

analyzed by GC-MS  
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The Commercial ZSM-5 zeolite powder was 

purchased from Zeolyst International USA 

(SiO2/Al2O3 mole ratio: 40). Nickel(II) nitrate 

hexahydrate (Ni(NO3)2.6H2O) and iron(III) ni-

trate nonahydrate (Fe(NO3)3.9H2O) was pur-

chased from Merck with 98 % purity. 

 

2.2 Methods 

2.2.1 Preparation of catalyst 

NH4-ZSM-5 zeolite was modified into 

HZSM-5 through calcination process as previ-

ously reported at 550 °C for 5 hours [23,24]. 

The Ni-Fe/HZSM-5 catalyst was prepared via 

incipient wetness impregnation with the proce-

dure as reported by a previous studies [23,24]. 

The amount of HZSM-5 zeolite was impregnat-

ed with aqueous solution of nickel(II) nitrate 

hexahydrate (Ni(NO3)2.6H2O) and iron(III) ni-

trate nonahydrate (Fe(NO3)3.9H2O) containing 

the required amount of nickel and iron. The 

first step is an aqueous solution of nickel(II) ni-

trate hexahydrate was introduced into HZSM-5 

slowly and the catalyst was kept overnight in a 

desiccator and dried at 120 oC for 12 h in the 

oven. Then, the aqueous solution of iron (III) 

nitrate nonahydrate was introduced into 

Ni/HZSM-5 catalyst slowly and the catalyst 

was kept overnight in a desiccator and dried at 

120 oC for 12 h in the oven. After being dried, 

the powder catalyst was calcined in 550 oC in 

the air for 3 h and reduced in flowing H2 at 550 
oC for 2 h, as reported in the previous study 

[13]. The Ni-Fe/HZSM-5 catalyst was obtained 

with different metal ratio of 1:1 and 1:2 for 

nickel-iron. The metals content measured by 

Energy Dispersive X-ray (EDX). The metals 

content was 3.19 wt% of Ni and 2.66 wt% of Fe 

of the catalyst weight. The catalyst is symbol-

ized as 5 % (Ni-Fe)/HZSM-5 catalyst. Other 

catalysts with different metal ratio obtained 

metal content was 3.75 wt% of Ni and 5.43 

wt% of Fe. The catalyst is symbolized as 10 % 

(Ni-Fe)/HZSM-5 catalyst. 

 

2.2.2 Characterization of catalyst 

The Crystallinity of catalyst was assessed 

by X-Ray Diffraction (XRD: PANalytical X’Pert 

PRO) with a Cu-Kα radiation source operating 

at 40 kV and 30 mA. The sample was recorded 

in the range 2θ of 5 to 70o with a step size 0.02. 

The microstructure of surface morphology cata-

lyst was characterized by SEM instrument 

(model: EVO MA10) equipped with Energy-

Dispersive X-ray analysis spectroscopy (EDAX) 

for analysis of metal dispersion of catalyst. N2 

adsorption isotherms were measured using a 

Quantachrome NovaWinVersion 11.03. Before 

the measurements were made, samples were 

degassed in a vacuum at 300 oC for 3 h. The 

surface area and pore size of the catalyst were 

investigated by Brunauer-Emmett-Teller 

(BET) and Barret-Joyner-Halenda (BJH)    

analyses. The total pore volumes were calculat-

ed from the volume of N2 adsorbed at a relative 

pressure, p/po, of 0.9907. 

  

2.2.3 Hydrocracking process 

The hydrocracking experiment of coconut oil 

were carried out in a batch reactor (Parr USA, 

600 mL) equipped with a mechanical stirrer as 

reported by the previous study [23]. Figure 1 

shows the equipment used to produce biofuel 

Figure 1. Schematic diagram of the hydrocracking process, consist of (1) Gas inlet tube, (2) Thermo-

couple, (3) Pressure gauge, (4) Furnace, (5) Stirrer, (6) Reactor, (7) tube gas outlet, (8) Controller  
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from coconut oil by hydrocracking process using 

Ni-Fe/HZSM-5 catalyst. The experiments for 

each process the hydrocracking of coconut oil 

were conducted under the reaction conditions: 

temperature of 350-400 °C, reactor pressure of 

30 bar, the reaction time of 2 h, coconut oil of 

200 mL, and catalyst mass of 2 g. In each pro-

cess, the coconut oil and catalyst were loaded in 

the reactor. Before each run, the reactor was 

injected with nitrogen gas for 10 minutes to re-

move any oxygen that might have been dis-

solved in an oil or in the reactor [25]. Then, the 

reactor flows with hydrogen gas for 1 h and the 

pressure was reached after flowing hydrogen. 

The reaction temperature was heated and kept 

it for 2 h. After the hydrocracking process is 

over, the reaction is cooled to at room tempera-

ture. The liquid biofuel products were collected 

and analyzed by Gas Chromatography-Mass 

Spectrometry (GC-MS). 

 

2.2.4 Analysis of liquid biofuel products 

The chemical composition of liquid biofuel 

products was analyzed with standard GC: Ag-

ilent HP 6890 models 19091S-433, HP–5MS ca-

pillary column 30 m × 250 mm × 0.25 mm. The 

initial pressure of 13.3 psi. The oven tempera-

ture was programmed from 150 oC with the 

heating rate of 4 oC/min for 2 min, then in-

creased to 240 oC with the heating rate of 10 
oC/min for 11 min. The chromatography peaks 

data were identified according to the National 

Institute of Standards and Technology 

(NIST02) and Wiley 275 library. 

  

3. Result and Discussion 

3.1 Characterization of Catalyst 

The XRD patterns of HZSM-5 and             

Ni-Fe/HZSM-5 catalyst are shown in Figure 2. 

The peak characteristics of HZSM-5 structure 

were consistent with the previous study 

[1,14,23,24]. The main peaks of HZSM-5 zeolite 

were presented at the 2θ of 7.9o, 8.8o, 23.1o, 

23.4o, 24o, and 24.46o which are the specific 

range of an MFI type zeolite HZSM-5 (2θ = 7-9o 

and 23-24o). The XRD patterns of Ni-Fe/HZSM-

5 catalyst show the similar characteristic peaks 

with HZSM-5 support. The results indicate no 

difference in crystallinity between HZSM-5 and 

Ni-Fe/HZSM-5 catalyst, suggesting that the ze-

olite framework structure did not affect after 

impregnation by Ni and Fe. However, when 

compared with HZSM-5 catalyst, the peak in-

tensity of Ni-Fe/HZSM-5 catalyst decreased. It 

may be the incorporation of Ni and Fe on the 

HZSM-5 supports decreased the degree of crys-

tallinity of the HZSM-5 as a support [13].  

Figure 3 shows the surface morphologies of 

the HZSM-5, 5 % (Ni-Fe)/HZSM-5, and 10 % 

(Ni-Fe)/HZSM-5 catalyst. HZSM-5 powders ap-

peared in agglomeration of particles on the top 

surface. The morphologies of Ni-Fe/HZSM-5 

catalyst revealed the similar morphologies of 

HZSM-5 support. The particles of Ni and Fe 

could not be observed at this magnification be-

Figure 3. SEM of the HZSM-5, 5 % (Ni-Fe)/HZSM-5, and 10 % (Ni-Fe)/HZSM-5 catalyst  

Figure 2. XRD Patterns of the HZSM-5, 5% 

(Ni-Fe)/HZSM-5 and 10% (Ni-Fe)/HZSM-5 cata-

lyst  
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cause they were presented in a small amount. 

The metal contents of Ni and Fe were deter-

mined by EDAX as shown in Table 2. It was 

found that the metal contents of Ni and Fe 

were detected in HZSM-5 support. The metal 

contents of Ni and Fe in Ni-Fe/HZSM-5 cata-

lyst were a bit lower than calculated metal con-

tents, which might be due to non-uniform dis-

tribution of the metal on the HZSM-5 support 

[7,23,24]. 

The surface area, pore size, and total pore 

volume of the HZSM-5 and Ni-Fe/HZSM-5 cata-

lyst are displayed in Table 2. The HZSM-5 had 

a high surface area of 407.486 m2/g. After im-

pregnation by Ni and Fe, the BET surface area 

decreased of 195.841 and 336.617 m2/g. The 

BET surface area and total pore volume de-

creased significantly compared to HZSM-5 sup-

port after addition of metal (Ni and Fe) by in-

cipient wetness impregnation method. For the 

5 % (Ni-Fe)/HZSM-5 catalyst, BET surface ar-

ea, total pore volume, and pore size showed a 

decreasing trend. This indicated that some of 

the HZSM-5 pores and external surface of the 

HZSM-5 were deposited with Ni and Fe parti-

cles after impregnation. However, some of the 

mesopores were originated from the interparti-

cle voids, which might be due to the aggrega-

tion of partial metal deposited on the surface of 

HZSM-5 [26]. For the 10 %(Ni-Fe)/HZSM-5 cat-

alyst, the BET surface area and total pore vol-

ume also decreased. These changes indicate 

that metal particles were successfully filled on 

the HZSM-5 surface and incorporated into 

HZSM-5 pore [1,7,14,23,24]. 

  

3.2 Hydrocracking Reaction of Coconut Oil over 

Ni-Fe/HZSM-5 Catalyst 

3.2.1 Characterization of coconut oil and biofuel 

liquid products 

Figure 4 shows the GC-MS profiles of coco-

nut oil and biofuel liquid hydrocarbon product 

at temperature of 375 oC. Figure 4 (a) shows 

that compounds contain coconut oil with the re-

tention time of 10-24 min and it disappeared 

after the hydrocracking process. Figure 4 (b) 

and (c) shows chromatograms of liquid biofuel 

products after hydrocracking process at tem-

perature of 375 oC. It shows that the activity of 

hydrocracking reaction was enhanced to pro-

duce the main chemical composition of hydro-

carbon with the retention time of 2-7 min. It in-

dicates triglycerides of coconut oil were con-

verted into short chain molecules such as do-

decane, tridecane, tetradecane, pentadecane, 

and heptadecane by cracking, cyclization, aro-

matization, isomerization reactions [24,27]. 

Figure 4 (b) and (c) shows the composition of 

various hydrocarbon in the biofuel product con-

tains dodecane (C12), tridecane (C13), pentade-

cane (C15), and heptadecane (C17) were the four 

major products. The presence of pentadecane 

(n-C15) and heptadecane (n-C17) suggested that 

Decarboxylation and/or decarbonylation was 

the dominant reaction pathways in this pro-

cess. This result is similar to the previous 

study [24,25]. 

 

3.2.2 Effect of temperature on biofuel liquid hy-

drocarbon composition 

The effects of temperature on the chemical 

composition of the biofuel liquid hydrocarbon 

products over Ni-Fe/HZSM-5 catalyst are 

shown in Figure 5(a) and (b) at 350 oC, 375 oC, 

and 400 oC. In order to determine the effect of 

temperature on biofuel liquid hydrocarbon 

products, GC-MS was used to analyze the 

chemical composition of biofuel. The major 

chemical components consisted of n-paraffin, 

olefin, aromatics, cycloparaffin, isoparaffin, 

and other oxygenated compounds, such as car-

boxylic acid, ketones, and alcohol. The presence 

of organic compounds causes poor properties in 

the biofuel hydrocarbon including low heating 

value, high viscosity, instability, and corrosive-

ness [14,28,29]. 

As shown in Figure 5(a) the temperature 

significantly influence on biofuel liquid hydro-

carbon composition with the 5 % (Ni-Fe)/HZSM

-5. At the temperature of 350 oC, a carboxylic 

acid of 89.1 area% was found in significant 

amounts. The presence of the carboxylic acid 

Catalyst 
Surface area 

(m2/g) 

Pore Size  

(nm) 

Total Pore Volume 

(cm3/g) 

Element (wt%) 

Ni Fe 

HZSM-5 407.386 3.12 3.18 - - 

5 % (Ni-Fe)/HZSM-5 195.841 3.07 3.04 3.19 2.66 

10 % (Ni-Fe)/HZSM-5 336.617 3.32 2.80 3.75 5.43 

Table 2. Properties of Ni-Fe/HZSM-5 catalyst  
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Figure 5. Effect of reaction temperature on chemical composition of biofuel liquid hydrocarbon from 

hydrocracking process using a) 5% (Ni-Fe)/HZSM-5, and b) 10% (Ni-Fe)/HZSM-5 catalyst  

Figure 4. GC-MS spectra of (a) coconut oil, (b) biofuel liquid hydrocarbon product produced at 375 oC 

using 5 % (Ni-Fe)/HZSM-5 catalyst, (c) biofuel liquid hydrocarbon product produced at 375 oC using 10 

% (Ni-Fe)/HZSM-5 catalyst, under pressure 30 bar in a batch reactor. Saturated chain hydrocarbons (n-

paraffins) have the number of carbon atom from C12 to C22   

(a) (b) 

(a) (b) 

(c) 
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and oxygenated compounds indicates that they 

have not completely converted to hydrocarbon 

compound at temperature of 350 oC. Figure 5(a) 

shows that the carboxylic acid decrease with 

the increasing temperature. This reaction was 

favorable at high temperature.  

The rise of reaction temperature was com-

pletely converted carboxylic acid and oxygenat-

ed compounds to hydrocarbon compound. This 

decrease may be due to the conversion of oxy-

genated compounds into hydrocarbons caused 

by decarbonylation, hydrogenation, and crack-

ing reactions [30]. The n-paraffins compounds, 

i.e. pentadecane (n-C15) and heptadecane (n-

C17), were produced in the reaction tempera-

ture of 350-400 oC through decarboxylation and 

decarbonylation reaction with 5 %                   

(Ni-Fe)/ZSM-5 catalyst. On the other hand, aro-

matic compounds were also found in the biofuel 

produced at a temperature of 400 °C with 5 %                

(Ni-Fe)/HZSM-5 catalyst, i.e. octyl-benzene, 

and hexyl-benzene. It indicates, the incorpora-

tion of transition metals on/into HZSM-5 cata-

lyst showed a bifunctional character which in-

cluded acid and metal sites to increase the aro-

matization, and aliphatics reactions [14,24]. It 

has been reported that the hydrocracking tem-

peratures have a great effect on the biofuel liq-

uid hydrocarbon composition and hydrocrack-

ing conversion was increased with the increas-

ing of the hydrocracking temperatures. 

When the 10 % (Ni-Fe)/HZSM-5 catalyst 

was used at a temperature of 375 °C the car-

boxylic acid and oxygenated compounds were 

completely converted to hydrocarbon com-

pounds as shown in Figure 5(b). Carboxylic ac-

ids at this temperature were completely con-

verted into 49.4 % n-paraffin, 26.93 % isoparaf-

fin, 3.58 % olefin, and 20.07 % carboxylic acids. 

The composition of n-paraffin formed at this 

temperature contained the main components of 

pentadecane of 2.51 area% dodecane, tridecane 

of 27.13 area%, pentadecane of 14.27 area%, 

heptadecane of 5.49 area%. It was also differ-

ent found in biofuel produced at a temperature 

of 375 °C with 5 % (Ni-Fe)/HZSM-5 catalyst. 

Sotelo-Boyás et al. [31] stated that isoparaffin 

formation was influenced by the acid strength 

of the active site of HZSM-5. These results 

agree with those reported by Sotelo-Boyas et al. 

[31], who observed that the rising temperature 

decreased the formation of liquid components. 

This result was good performance in the for-

mation of hydrocarbon compounds. Compared 

to the other studies, Cheng et al. [32] was pro-

duced biofuel with the hydrocarbon contents 

(18.99-28.60 %) and high yield hydrocarbon 

28.60 wt%. The content of esters in biofuel 

were 47.83-55.30 %.  

The amount of metal loading catalyst in-

creased to show the production of hydrocarbon 

were improved significantly with increasing 

temperature. The addition of metal is expected 

to modify the acid and textural properties of 

the HZSM-5 support to promote the cracking 

activity in terms of eliminating oxygenated 

compounds and increasing amount of hydrocar-

bon [14]. The oxygenated compounds was re-

duced when the temperature increase. The in-

creasing ratio of Fe from 2.66 to 5.43 % of the 

catalyst weight (by EDAX in Table 2) on ZSM-5 

catalyst promoted the conversion of carboxylic 

acids to produce n-paraffin compounds. It pro-

duced the highest aliphatic compounds for-

mation and amount of aromatic compounds. 

The results indicated that active site HZSM-5 

play more important role in the formation of al-

iphatic compounds than aromatic production 

[1,14,24]. Via dehydrogenation, deoxygenation, 

cracking and reforming reactions, the catalyst 

can re-arrange the structure of molecules [33]. 

The HZSM-5 catalyst has an important fea-

ture of shape selectivity that avoids oversized 

vegetable oil molecules from diffusing into the 

catalyst pores and only allows product with 

small molecules to diffuse out of the catalyst 

pores. The relative narrow channels of zeolites 

lead to diffusional limitations and hinder the 

access to active catalytic sites for large reac-

tants such as triglycerides [12]. The coconut oil 

triglycerides molecules went through the inside 

pores and/or the external surface of the cata-

lyst to undergo the hydrocracking and the 

products formed after the cracking exited the 

HZSM-5 catalyst pores through another type of 

channels due to the size and shape of products 

[34]. The acid sites on the support HZSM-5 

promoted the chemical reactions such as crack-

ing and decarbonylation during the hy-

drocracking process. The combination of metal 

centers with the zeolite acid sites leads to the 

bifunctional character of the catalyst [12,35]. 

From biofuel liquid products as shown in 

Figure 5(a) and (b), hydrocarbon is the main 

valuable components. The contents of hydro-

carbon in biofuel liquid products increased sig-

nificantly in comparison with raw coconut oil. 

This is caused by HDC reactions including 

cracking, decarbonylation, decarboxylation, hy-

drocracking, hydrodeoxygenation and hydro-

genation that converted oxygenated compounds 

to  hyd ro carbo n co mpo ne nt s  ov er                      

Ni-Fe/HZSM-5 catalyst with different loading 

metal. Based on the results above, it can be 
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concluded that the hydrocracking process of co-

conut oils with 10% (Ni-Fe)/HZSM-5 catalyst at 

375 oC produced the greatest amount of ali-

phatic hydrocarbons. Hydrocarbon compounds 

such as aliphatic and aromatic were expected 

as products from hydrocracking process, due to 

high heating value properties [2,14,36].   

The incorporation of the transition metal 

such as Ni and Fe on/into HZSM-5 was ex-

pected to affect the deoxygenation and the hy-

drogen transfer during the hydrocracking pro-

cess of coconut oil. The addition of Ni combined 

with acid site provided the ideal environment 

for oligomerization of small alkenes followed by 

cyclization and dehydrogenation, leading to 

greater rate of aromatic formation [37]. The 

presence of Fe showed excellent performance in 

the conversion of oxygenates and formation of 

an aromatic hydrocarbon. This result was simi-

lar to Thangalazhy-Gopakumar et al. [38], also 

reported and suggested that compared to     

ZSM-5 catalyst, the metals, such as: Ni, Co, 

Mo, or Pt, supported on ZSM-5 catalyst im-

proved the yields of an aromatic hydrocarbon.  

During the hydrocracking process, the high 

temperature may lead to cracking of vegetable 

oil into a small molecule: diglycerides, mono-

glycerides, and carboxylic acids, and oxygen 

may be removed from these compounds by the 

reactions: decarboxylation (1), decarbonylation 

(2), and hydrodeoxygenation (or dehydration/

hydrogenation) (3) [39]. From these results, it 

can be concluded that the effect temperature 

has an effect to produce aliphatic compounds 

and decreases the oxygenated compounds. In 

addition,  the effect of temperature in hy-

drocracking process has been positive in the 

conversion of the coconut oil triglycerides into 

biofuel liquid hydrocarbon products. 

 

3.2.3 Effect of reaction temperature on bio-

kerosene/bio-gasoil yields  

The yield of biofuel liquid hydrocarbons, 

such as: bio-kerosene and bio-gasoil, during hy-

drocracking process over Ni-Fe/HZSM-5 cata-

lyst with 5 % and 10 % metal loading at reac-

tion temperature range from 350 to 400 oC as 

shown in Figure 6. As reported by Barron et al. 

[40], biofuel was description as bio-gasoline 

(C5-C9), bio-kerosene (C10-C13), and bio-gasoil 

(C14-C22). The yield of bio-gasoil increase with 

increasing temperature as shown in Figure 6 

(a) and (b). Increasing temperature causes 

more intensive cracking not only heavier mole-

cules but also some bio-gasoil molecules are 

further cracked into lighter molecules.  

Figure 6(a) shows with 5 % (Ni-Fe)/HZSM-5 

catalyst, yield of bio-gasoil was increased from 

3.8 % at temperature of 350 oC to 24.1 % at 

temperature of 375 oC. The yield of bio-

kerosene changed from 3.5 % at temperature of 

350 oC to 22.2 % at temperature of 400 oC. It 

indicates that this hydrocracking process more 

suitable for bio-gasoil production rather than 

bio-kerosene or bio-gasoline production. 

Figure 6(b) shows with 10%(Ni-Fe)/HZSM-5 

catalyst, yield of bio-gasoil was increased from 

5.6 % at temperature of 350 oC to 38.6 % at 

temperature of 375 oC. The yield of bio-

kerosene changed from 3.8 % at temperature of 

350 oC to 27.5 % at temperature of 375 oC. This 

Figure 6. Effect of reaction temperature on kerosene/gasoil yields of biofuel liquid product from hy-

drocracking process using 5% (Ni-Fe)/HZSM-5 and 10% (Ni-Fe)/HZSM-5 catalyst  

(a) (b) 
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suggested that hydrocracking reaction changed 

when the temperature increased. Therefore 

middle hydrocracking temperatures (375 oC) 

promote bio-gasoil rather than bio-kerosene or 

bio-gasoline production. Pentadecane (n-C15) 

and heptadecane (n-C17) were the main abun-

dant components found in bio-gasoil with 10 

%(Ni-Fe)/HZSM-5 catalyst at temperature of 

375 oC. The decarboxylation/decarbonylation 

reaction occurs at temperatures above 350 oC. 

This result is similar to Mohammad et al. [41] 

stated that the hydrocracking reaction was 

strongly influenced by the reaction tempera-

ture, pressure, liquid hourly space velocity, and 

the catalyst. Carboxylic acids were also signifi-

cantly reduced after the addition of nickel and 

iron showing the removal of oxygenated com-

pounds through the reaction of hydrodeoxygen-

ation, decarboxylation, and decarbonylation. 

Based on the above result, it can be            

concluded that the yield of bio-gasoil produced 

at 375 oC was the highest yield over 10 %                    

(Ni-Fe)/HZSM-5 catalyst. The reaction temper-

ature affects the chemical composition of       

biofuel liquid hydrocarbon products which in-

fluences the hydrocarbon fuel yield. The high 

temperature would break long chain carboxylic 

acids into smaller molecular compounds. The 

active sites of HZSM-5 catalyst promoted the 

reactions such as cracking, decarboxylation, 

and decarbonylation [7]. It indicates that high 

reaction temperature favored the cracking ac-

tivity of HZSM-5 and had an effect on the yield 

of upgraded coconut oil, consistent with previ-

ous study [7,42]. On the other hand, with the 

increase of temperatures, the degree of crack-

ing and isomerization selectivity increased. In 

summary, the acid strength of HZSM-5 plays 

important role in the transformation of triglyc-

erides into biofuel in the range of alkanes [43]. 

 

4. Conclusions 

The Ni-Fe/HZSM-5 catalyst was applied to 

the hydrocracking process to produce biofuel in 

a batch reactor. The effect of temperature on 

the chemical compositions and yields were in-

vestigated by GC-MS. The results from the GC-

MS analysis showed that the hydrocracking re-

action over 10 % (Ni-Fe)/HZSM-5 catalyst at 

375 oC obtained the highest hydrocarbon con-

tent (contained 49.4 % n-paraffin, 26.93 % iso-

paraffin, 3.58 % olefin) and the highest yield of 

bio-gasoil 38.6 % in the biofuel liquid hydrocar-

bon. The increasing ratio of Fe from 2.66 to 

5.43 % of the catalyst weight (by EDAX in Ta-

ble 2) on ZSM-5 catalyst promoted the conver-

sion of carboxylic acids to produce n-paraffin 

compounds. Aliphatic and aromatic compounds 

were produced from this process. Pentadecane 

(n-C15) and heptadecane (n-C17) were the most 

abundant hydrocarbon compounds in biofuel 

liquid hydrocarbon. Decarboxylation and/or de-

carbonylation was the dominant reaction path-

ways in this process. The rise of reaction tem-

perature was strongly influenced to convert 

carboxylic acid and oxygenated compounds into 

hydrocarbon compounds. 
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