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Abstract  

Biofuel has been considered as one of the environmentally friendly energy sources to substitute fossil 

fuel derived from non-edible vegetable oil. This research aims to investigate the effect of the non-edible 

vegetable oil composition on a specific hydrocarbons distribution contained in biofuel and the aromatics 

formation through hydrocracking reaction with the Co-Ni/HZSM-5 catalyst. The formation of aromatics 

from non-edible vegetable oils, such as: Cerbera manghas, rubber seed, and sunan candlenut oils, con-

taining saturated, mono- and polyunsaturated fatty acids is presented. The hydrocracking reaction was 

carried out in a pressure batch reactor, a reaction temperature of 350 oC for 2 h, reactor pressure of 15 

bar after flowing H2 for 1 hour, and a catalyst/oil ratio of 1 g/200 mL. Liquid hydrocarbon product was 

analyzed by gas chromatography-mass spectrometry. Based on the GC-MS analysis, hydrocracking on 

three different oils indicated that polyunsaturated fatty acids were required to produce relatively high 

aromatics content. The sunan candlenut oil can be converted to gasoil range hydrocarbons containing a 

small amount of aromatic through hydrocracking reaction. Meanwhile, the aromatics in liquid product 

from hydrocracking of Cerbera manghas and rubber seed oils were not found. Copyright © 2017 

BCREC Group. All rights reserved. 
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1. Introduction  

The high level of energy consumption in 

transportation causes a problem about high ex-

haust emissions, namely CO2 and SO2 in the 

air. One of the consequences of financing, in or-

der to minimize CO2 levels, are seeking renew-

able energy sources without CO2 emissions. Bio-

fuel produced by hydrocracking of non-edible 

vegetable oils has been considered as one of the 

most promising energies derived from renew-

able resources. Non-edible vegetable oils are a 

potential feedstock for production of biofuel be-

cause they contain fatty acids in carbon range 

from C14-C20 and relatively little oxygen that 

can be removed by hydrocracking [1]. The use of 

non-edible plant oils can be considered because 

they don’t compete with the use of them as a 

food source [2]. In addition, non-edible oil has a 

higher yield than the edible oil so that the cost 

of production can be reduced. As reported by 

Gui et al. [3], the cost of raw materials reaches 
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70-80 % of the total production cost of biodiesel 

production.  

A liquid product produced through hydro-

cracking of vegetable oil contained specific hy-

drocarbon compounds, such as: n-paraffins, 

isoparaffins, cycloparaffins, and aromatics. In 

addition, the other side compounds, such as: 

olefins and oxygenated compounds including 

carboxylic acids, esters, acids, aldehydes, ke-

tones, and alcohols, were also found in the liq-

uid product. As explained in a previous study 

[4], the diesel range hydrocarbon was produced 

by deoxygenation of the refined soybean oil at 

temperature of 400 oC and 9.2 MPa of hydrogen 

with a sulfided NiMoSx catalyst contained aro-

matics of 3.2 area% (C17-C18). Cobalt and mo-

lybdenum catalysts were used by Pinto et al. [5] 

in the hydrogenation of rapeseed oil to produce 

a high content of aromatics about 50 % at a 

temperature of 400 oC and an initial hydrogen 

pressure of 1.10 MPa for 3 h. Verma et al. [6] 

reported that hydrocracking of jatropha oil 

with sulphided NiMo and NiW catalysts sup-

ported on hierarchical mesoporous SAPO-11 

produced kerosene range hydrocarbons contain-

ing 8 vol.% of desired aromatic. Marlinda et al. 

[7] also reported that pentadecane and hepta-

decane were the main abundant hydrocarbon 

compounds in gasoil-range hydrocarbon pro-

duced in hydrocracking of Cerbera manghas oil 

at a temperature of 350 oC, 15 bar for 2 h with 

Co(0.88 %)-Ni(3.92 %)/HZSM-5 catalyst. The 

authors also reported that 2.9 area% of aromat-

ics (C11-C12) were found in this condition. In ad-

dition, Al-Muttaqii et al. [8] reported that aro-

matics of 10.52 area% (C11-C17) were found in 

the liquid product produced through hydro-

cracking of the sunan candlenut oil at a tem-

perature of 350 oC, 15 bar for 2 h with Co-Ni/

HZSM-5 catalyst. As reported by a previous 

study [6], the aromatic production during the 

hydroprocessing of vegetable oil can reduce the 

process cost. The aromatization reaction 

caused the decrease of hydrogen consumed 

during hydrocracking, so that this process gave 

a considerable benefit [6]. The suitable aro-

matic hydrocarbons can improve the properties 

of transport fuel [9]. Rabaev et al. [1] also re-

ported that a diesel containing a certain 

amount of aromatics are needed and aromatics 

below 8 % contained jet fuel may cause drag-

ging of contraction seals. However, according to 

Santillan-Jimenez et al. [9], the aromatization 

is an undesirable side reaction so that it is nec-

essary to control this reaction during hydro-

cracking of vegetable oil. Biofuel containing 

aromatic compounds was assumed to be pro-

duced through the nine interconnected reac-

tions of triglyceride molecules and intermedi-

ate, i.e. dehydrogenation of cyclohexene to aro-

matic [1]. 

The other some research papers studied 

preparation of catalysts by incipient wetness 

impregnation and its application in hydro-

cracking of vegetable oils in the presence of a 

nickel-based catalyst to produce a paraffin-rich 

mixture of hydrocarbons in the range of C14-

C20. The hydrocarbon compounds founded in 

the liquid product were similar to petroleum 

diesel as detected by GCMS chromatogram in 

Figure 1. When the Ni or Pd supported on -

Al2O3 catalysts were used in hydroprocessing of 

Figure 1. GC-MS Chromatogram of the commercial petroleum diesel [14]         



 

Bulletin of Chemical Reaction Engineering & Catalysis, 12 (3), 2017, 320 

Copyright © 2017, BCREC, ISSN 1978-2993 

soybean oil, the pentadecane and heptadecane 

as the main abundant hydrocarbon compounds 

in gasoil-like hydrocarbon were produced [10]. 

In addition, Satyarthi et al. [11] obtained octa-

decane (C18) as the main hydrocarbon product 

through deoxygenation of C18 fatty acid during 

hydroprocessing of soybean oil with                  

Ni-Mo/-Al2O3 catalyst. Hydrocarbons 

(primarily n-C15 to n-C18 alkanes) were pro-

duced by hydrocracking of jatropha oil with Ni-

HPW/Al2O3 as a new green catalyst, as found 

by Liu et al. [12]. Marlinda et al. [13] also found 

the effect of varying nickel and cobalt content 

supported on HZSM-5 catalyst on product dis-

tribution produced by hydrocracking of Cerbera 

manghas oil and it was implied that the forma-

tion of straight chain hydrocarbons (C12-C20) in-

creased through decarboxylation and/or decar-

bonylation reaction during hydrocracking proc-

ess. 

Non-edible vegetable oils, such as: Cerbera 

manghas, rubber seed, sunan candlenut and 

Calophyllum inophyllum oil, are recommended 

as a potential biofeed for biofuel productions 

via hydrocracking [2,7,8,13,14]. Therefore, it is 

suggested that the fatty acid composition of 

vegetable oil affects on hydrocarbon product 

distribution [1,6] corresponding to the proper-

ties of biofuel [3]. It is interesting to investigate 

the effects of the non-edible vegetable oil com-

position on a specific hydrocarbons distribution 

contained in the biofuel and the aromatics for-

mation. A mild hydrocracking of these non-

edible vegetable oils containing saturated, 

mono- and poly-unsaturated fatty acids with 

the Co-Ni/HZSM-5 catalyst in a batch pressure 

reactor were performed to study the aromatics 

formation.   

 

2. Materials and Methods  

2.1 Non-edible vegetable oil as biofeed         

Rubber, sunan candlenut, and Cerbera 

manghas seeds were extracted with screw 

press machine in Balittas, Malang, Indonesia. 

Rubber seeds were collected from rubber plants 

that grow in Jember, East Java, Indonesia. 

Meanwhile, the Cerbera manghas plants were 

found as the greening plant in Surabaya, East 

Java, Indonesia, and the sunan candlenut 

seeds were obtained from fruits which were col-

lected from Bogor, West Java, Indonesia. All 

vegetable oils used in this work were grouped 

in non-edible oil plants. Their advantages are 

ease of growing in marginal land, they do not 

competitive with a food supply because of the 

presence of toxic compound, feedstock supply 

can be kept sustainability, high oil content and 

oil consist of fatty acids in chain length C18 

with double bonds in triglycerides. The sunan 

candlenut oil contained more eleostearic acid 

(C18:3) indicating the presence of toxic com-

pound, while the Cerbera manghas oil con-

tained cerberin as a toxic compound. 

Rubber seed, sunan candlenut, and Cerbera 

manghas oils were analyzed by gas chromatog-

raphy-mass spectrometry. The analysis results 

are presented in Table 1 indicating that the su-

nan candlenut and the rubber seed oils are 

composed of a high content of polyunsaturated 

fatty acid, while the Cerbera manghas oil con-

tains highly mono-unsaturated fatty acids. The 

detailed fatty acid composition of the sunan 

candlenut and the Cerbera manghas oil used in 

this work were reported by the previous study 

[8,13].   

 

2.2 Preparation of catalyst   

The HZSM-5 catalyst was obtained from 

calcination of a commercial NH4-ZSM-5 

(Zeolyst International Inc.). HZSM-5 catalyst 

used as a support in this work has been pre-

pared by a procedure in the previous study and 

its detailed characterization showed specific 

peaks of ZSM located at 2= 7-8 o and 22-24 o 

was published elsewhere [8]. Furthermore, the 

zeolite was impregnated with Ni(NO3)2.6H2O 

(Merck, 98 %) and Co(NO3)2.6H2O (Merck, 98 

%), keeping metal loading of 5 % and a weight 

Table 1. Non-edible vegetable oil fatty acid composition         

Properties 
Rubber 

seed* 

Sunan 

candlenut* [8] 

Cerbera manghas* 

[13] 

Degree of saturation       

Saturated fatty acid (palmitic and stearic) 3.67 - - 

Mono-unsaturated fatty acids (oleic) - - abundant 

Poly-unsaturated fatty acid (linoleic and linolenic) 95.2 abundant - 

Density, g/cm3 0.8889 0.8971 0.8810 

*area% 
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metal ratio of 1:2 for cobalt-nickel. With the in-

cipient wetness impregnation procedure in a 

previous study [7], the Co-Ni/HZSM-5 catalyst 

was obtained.   

 

2.3 Catalyst characterization   

X-ray diffraction (XRD) was used to meas-

ure phase analysis and the crystallinity of Co-

Ni/HZSM-5 catalyst. XRD diffraction patterns 

of the catalyst were recorded on 2 of 10-90 o 

using a PANalytical X’Pert PRO X-ray diffrac-

tometer with a Cu-Ka radiation source operat-

ing at 40 kV and 30 mA. Quantachrome No-

vaWin Version 11.03 instrument was applied to 

determine the surface area and pore volume of 

the catalyst through Brunauer-Emmett-Teller 

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

methods. SEM instrument (Inspect S50, FEI 

Company) was used to study the surface mor-

phology of Co-Ni/HZSM-5 catalyst. EDAX was 

performed to determine Si/Al ratio and cobalt-

nickel content.   

 

2.4 Hydrocracking and analytical proce-

dure   

In this work, the equipment and procedure 

of hydrocracking were given elsewhere [13]. 

The catalyst of 1 g was placed in the reactor 

and followed non-edible vegetable oil of 200 

mL. A temperature of 350 oC for 2 h were      

operation condition in the reactor. After 2 h,     

liquid product was produced. Gas chromatogra-

phy-mass spectrometry was used to identify hy-

drocarbon in the liquid product. Standard GC 

used was Agilent HP 6890 models 19091S-433, 

HP–5MS capillary column 30 m × 250 m × 

0.25 m, at a nominal initial pressure of 13.3 

psi, the oven temperature of 150 °C for 2 min, 

then increased to 240 °C at 10 oC/min for 11 

min. All hydrocarbon components were identi-

fied using the Wiley275 and NIST02 mass 

spectral library of data. The hydrocarbon com-

ponents with a probability match equal to or 

higher than 80 % were considered. Then, hy-

drocarbon (C15-C22) in the liquid product were 

listed as gasoil-range hydrocarbon.   

 

3. Results and Discussion 

3.1 Catalyst characterization 

The XRD patterns of Co-Ni/HZSM-5 cata-

lyst are shown in Figure 2. Small peak inten-

sity showed the existence of Co3O4 crystallites. 

In addition, diffraction peaks were located at   

2 of 34.3o, which was attributed to the exis-

tence of CoO. Nickel was detected at 2 of 

51.8o. The catalyst has a framework of the MFI 

structure as the only crystalline phase [15]. Ac-

cording to a previous study [8], the metal im-

pregnated HZSM-5 catalyst had still a struc-

ture similar to HZSM-5. The result of EDAX 

measurement also proved the existence of co-

balt and nickel in HZSM-5. Figure 3 indicates 

that Co and Ni were found in the HZSM-5 

pores. The actual metal content on support was 

2.15 wt.% of Co and 4.7 wt.% of Ni. The metal 

content obtained was approximately 5 wt.% 

with Co: Ni ratio of 1:2 for Co-Ni/HZSM-5 cata-

lyst. 

The surface area, average pore size, and 

pore volume of Co-Ni/HZSM-5 catalyst are 

listed in Table 2. The HZSM-5 had high surface 

area of 355.967 m2/g [8], while the impregna-

Figure 2. XRD patterns of Co-Ni/HZSM-5 catalyst       
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tion of Co and Ni into the HZSM-5 pore caused 

the decrease of surface area and pore volume of 

Co-Ni/HZSM-5 catalyst. These changes indi-

cated that the metal particles were successfully 

dispersed in surface area and HZSM-5 pore. 

 

3.2 Hydrocracking of non-edible vegetable 

oils 

3.2.1 GC-MS analysis    

GC-MS chromatogram of rubber seed oil 

and liquid product produced are shown in    

Figure 4. If Figure 4(a) and (b) are compared, 

the compounds with retention time of 14-22 

min in the rubber seed oil disappear after hy-

drocracking reaction. According to Zheng et al. 

[16], triglycerides with long chain fatty acids 

were converted into short chain molecules by 

cracking, isomerization, cyclization, and aro-

matization reaction [16]. Figure 4(b) shows 

that the amounts of different hydrocarbon com-

pounds with retention time of 0-12 min in liq-

uid product increase after cracking reaction. 

Figure 4. GC-MS Chromatogram of (a) rubber seed oil, (b) liquid product obtained from hydrocracking 

at 350 oC for 120 min with Co-Ni/HZSM-5 catalyst, metals ratio of 1:2        

Figure 3. SEM-EDAX of Co-Ni/HZSM-5 catalyst         

Table 2. Properties of catalyst         

Catalyst Si/Al (EDAX) 
BET surface area  

(m2/g) 

Average pore size  

(nm) 

Pore volume  

(cm3/g) 

Co-Ni/HZSM-5 24.7 336.423 1.326 0.223 

(a) (b) 
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Figure 5 shows n-paraffins produced from 

hydrocracking of rubber seed oil. The liquid 

product contains pentadecane of 5.35 area%, 

heptadecane of 10.11 area% and 46.36 area% of 

oxygenated compounds including carboxylic ac-

ids. The carboxylic acids found in liquid prod-

uct were oleic acid of 20.86 area% and palmitic 

acid of 14.64 area%. It suggested that in the 

first step hydroconversion reaction of rubber 

seed oil fatty acids produced the oxygenated 

compounds through a sequential mechanism as 

reported by García-Dávila et al. [17] who did 

the hydroconversion of Jatropha curcas L. oil. 

Therefore, the longer reaction time at the same 

condition was needed. In addition, the tempera-

tures above 350 oC were also needed to crack 

C=O bond through decarboxylation and/or de-

carbonylation. Aromatic was not found in liquid 

product, while a small amount of cyclotetraco-

sane of 0.69 area% and 4-ethylcyclohexene of 

0.81 area% were found in liquid product. The 

presence of cycloparaffins and/or cycloolefins 

suggested that various reactions occurred dur-

ing hydrocracking process, including cyclization 

and dehydration. It was important to be ob-

served that olefins of 12.96 area% were also 

found in liquid product, i.e 8-heptadecene. Ac-

cording to Kim et al. [18], dehydrogenation 

and/or hydrogenolysis of n-alkanes can lead to 

olefin formation at a temperature of 350 oC 

when the Ni catalyst was used. Additionally, 

Katikaneni et al. [19] stated that aromatic hy-

drocarbons were produced through oligomeriza-

tion, acid catalyzed cyclization and H-transfer 

reactions on hydrocarbon molecules. 

Figure 6 shows that liquid product produced 

from hydrocracking of the sunan candlenut oil 

contained a high aromatic content in retention 

time range of 2.34-2.9 and 7.05-7.56. The hy-

drocarbon compound produced in this work had 

been listed and reported in the previous work 

[8]. The hydrocarbons correspond to peak spec-

tra presented in Figure 6. In addition, peak 

spectra of saturated fatty acid, such as: 

palmitic acid and stearic acid, were also de-

tected. It indicated that hydrogenation reaction 

has been well proceeded with helping cobalt 

dan nickel in form as a metal oxide crystal to 

saturate the double bonds of linoleic acid. As 

reported by a previous study [8], when Co-

Ni/HZSM-5 catalyst was used in the same con-

dition in this work, the hydrocracking of sunan 

candlenut oil produced a liquid product con-

taining aromatic compounds in the form of 

abundant monocyclic aromatic hydrocarbons 

(MAHs), i.e. n-hexylbenzene, n-heptylbenzene, 

nonylbenzene, n-octylbenzene, and n-

undecylbenzene. Meanwhile, a cycloparaffin 

was found in the form of long branched chain 

cyclohexane, i.e. 1-(1,5-dimethylhexyl)-4-(4-

methyl pentyl) cyclohexane. The oxygenated 

compounds, including carboxylic acids of 58.89 

area%, were also found. It is important to be 

noted that olefin of 4.18 area% was found in 

liquid product. 

Figure 7 shows that liquid fuel of Cerbera 

manghas oil contained still many oxygenated 

compound including carboxylic acids, but the 

isoparaffin was found, i.e. 2,6,10,14-

tetramethyl hexadecane (C20H42) of 1.64 area% 

Figure 5. GCMS chromatogram of liquid product produced from hydrocracking of rubber seed oil         
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(molecular weight of 282). Subsequently, liquid 

product containing pentadecane of 7.16 area% 

and heptadecane of 6.20 area%, was also de-

tected. According to Hancsók et al. [20], the 

presence of isoparaffins can improve the prop-

erties of liquid product containing gasoil-range 

hydrocarbon which have a high cetane number 

and cold flow properties are good. Meanwhile, 

n-paraffin as abundant compound in liquid 

product can produce the clean combustion and 

these compounds can be biodegraded relatively 

easier than other hydrocarbons. Composition of 

liquid product consisted of hydrocarbons, i.e. 

16.61 area% of n-paraffins, 1.91 area% of cyclo-

paraffins, and aromatic, was not detected. It is 

interesting to study that the nonylcyclohexane 

(C15H24) corresponds to n-paraffin formation, 

i.e. pentadecane. However, it was still found 

55.81 area% of carboxylic acids. It is important 

to be noted that olefin of 14.9 area% was also 

found in liquid product in the form of 8-

heptadecene. The carboxylic acid formed was 

dominated by saturated fatty acids, i.e. 

palmitic acid and in the small amount of capric 

acid. At the same process condition to this 

work, the previous study found that the gasoil 

(C12-C18) was produced from hydrocracking of 

Cerbera manghas oil in the presence 

Co(0.88%)-Ni(3.92%)/HZSM-5 catalyst. The liq-

uid product contained pentadecane of 20.06 

area%, heptadecane of 14.13 area%, and oxy-

genated compounds of 9.51 area%. A small 

Figure 7. GC-MS chromatogram of liquid product produced from hydrocracking of Cerbera manghas 

Figure 6. GC-MS chromatogram of liquid product produced from hydrocracking of sunan candlenut oil  
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amount of cycloparaffin (less than 5 area% in 

total) were also observed in the form of long 

branched chain alkylcyclohexane. Diaromatic 

(less than 1 area%) was found in the form of 

naphthalene, and olefin of 13.49 area% was 

also observed [7]. 

According to the explanation and GC-MS 

chromatogram as presented in Figures 5, 6, 

and 7, the oxygenated compounds were found 

in large amount quantities around more than 

45 %. Therefore, to obtain hydrocarbon com-

pounds, the reactor temperatures above 350 oC 

were needed for cracking process. Acidity sites 

also did play in the cracking reaction. In addi-

tion, the composition of different hydrocarbons 

found in liquid product showed that the metal 

ratio and loading impregnated on HZSM-5 pore 

affected cracking of C=O, C–C, and O–C=O 

bonds in oxygenated compounds. It can be 

stated that metal oxide affects hydrocarbon 

product distribution. When Figures 1, 5, 6, and 

7 are compared, it implied that retention time 

of n-C15 and n-C17 in liquid product slightly 

shifted from the retention time of C15 and n-C17 

detected in a commercial petroleum diesel. The 

n-C15 and n-C17 in liquid product produced via 

hydrocracking of non-edible vegetable oil are 

located at the same retention time from 4.76 to 

6.92.      

 

3.2.2  Influence of saturation degree of non-

edible vegetable oil on paraffin, cycloparaffin 

and alkylbenzenes formation   

Table 3 shows the comparison of hydrocar-

bon compounds of liquid product produced from 

hydrocracking of different non-edible vegetable 

oils at 350 oC using Co-Ni/HZSM-5 catalyst. It 

suggested that the formation of n-paraffins in-

creased with increasing the degree of satura-

tion of non-edible vegetable oils. Meanwhile, 

cycloparaffins and alkylbenzenes increased 

with the increasing of the degree of unsatura-

tion of non-edible vegetable oils. It was found 

that the sunan candlenut oil liquid product 

produced alkylbenzenes in range of gasoil 

(predominant C17). This result corresponded to 

the result obtained by Da Rocha Filho et al. 

[21] using the NiMo/γ-Al2O3 catalyst on hydro-

cracking of soybean, maracuja, and buriti oils 

at a temperature of 360 °C, 14 MPa for 2 h. Ac-

cording to this author, cyclization reaction and 

α-,β-cleavages increased, because of the pres-

Figure 8. Mass spectra of cycloparaffin produced from hydrocracking of Cerbera manghas oil at a tem-

perature of 350 oC.  

Table 3. The comparison of hydrocarbon compounds of liquid product produced from hydrocracking of 

different non-edible vegetable oils at 350 oC with Co-Ni/HZSM-5 catalyst          

Non-edible 

vegetable oil 

Hydrocarbon compounds, area% 

Ref. 
paraffins 

Cyclo-

paraffins 

Alkyl-

benzenes 
acidsf otherg 

Cerbera manghas 18.25a 1.91b 0 55.81 14.9 Present study 

Rubber seed 17.44a 2.34c 0 44.51 12.96 Present study 

Sunan candlenut 6.87a 12.29d 10.52e 35.03 4.18 [8] 

amainly paraffins, n-C15 and n-C17 ; bmainly cycloparaffin, molecular weight 210 ; cmainly cycloolefin, molecular weight 262; 
dmainly cycloparaffin, molecular weight 280; emainly alkylbenzenes, molecular weights 162, 176, 232 ; fmainly fatty acids, i.e 

palmitic acid, stearic acid, oleic acid ; gothers = olefin 
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ence of unsaturated bonds in vegetable oils. It 

can be observed that the different chemical 

structure of cyclic compounds was identified in 

liquid product produced in this work. Some 

mass spectra of cycloparaffins were presented 

in Figures 8, 9, and 10. A small amount of lin-

ear cycloparaffin (molecular weight 210, less 

than 1 area%) was found in liquid product pro-

duced from hydrocracking of Cerbera manghas 

oil. Then, linear and branched cycloparaffin 

(molecular weight 280) was found in liquid 

product produced from hydrocracking of sunan 

candlenut oil. Finally, a small amount of linear 

and branched cyclohexene (molecular weight 

262, less than 1 area%) was also identified in 

liquid product produced from hydrocracking of 

rubber seed oil. Although aromatic has not 

formed in hydrocracking of rubber seed oil at 

350 oC, the presence of cyclohexene compound 

is an indication that the formation of aromatic 

compounds will occur at temperatures above 

350 oC. According to Da Rocha Filho et al. [21], 

cyclohexene as intermediate state was formed 

because of the presence of two or three double 

bonds leading to form aromatic compound. 

While one double bond was only needed to form 

cycloparaffin compounds. Later, the both of 

compounds were converted to aromatic com-

pounds.  

According to the results, it suggested that 

the degree of saturation of non-edible vegetable 

oils affected the formation of aromatic com-

pounds during hydrocracking. It was consistent 

with reported results [1,21] using some differ-

ent catalysts in hydrocracking of various vege-

table oils. According to a previous study [22], 

the color of vegetable oil after catalytic crack-

ing becomes darker because of the presence of 

polyaromatic hydrocarbons or large aromatics 

in the liquids. The polyaromatic hydrocarbons 

form coke giving a dark color. If it was ob-

served on liquid product, it can be seen that su-

nan candlenut liquid product was darker than 

the others. It showed the presence of large aro-

matics in liquid product. It was consistent with 

the GC-MS analysis result. The produced liq-

uid product was hydrogenated oil which had 

not been purified so that this liquid product 

can not be directly compared with standard 

fuel. The determining of hydrocarbon composi-

tion of the liquid product was the way chosen 

to imply that this liquid product has the simi-

lar hydrocarbon composition to the petroleum 

fuel. So far, according to the results above, hy-

drocracking of non-edible vegetable oils in this 

work has produced liquid hydrocarbon product 

or biofuel. Later physical properties, such as: 

Figure 10. Mass spectra of cycloolefin produced from hydrocracking of rubber seed oil at a tempera-

ture of 350 oC   

Figure 9. Mass spectra of cycloparaffin (a) and alkylbenzenes (b) produced from hydrocracking of su-

nan candlenut oil at a temperature of 350 oC    

(b) 

(a) 
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density, viscosity, and heating value, indicate 

favorable changes as fuel candidates.   

 

4. Conclusions 

The fatty acid composition of non-edible 

vegetable oil affects on hydrocarbon product 

distribution. The higher saturation, the higher 

produced paraffins. Meanwhile, the higher un-

saturation, the higher is cycloparaffin and alkyl 

benzenes produced. The presence of the carbox-

ylic acid and oxygenated compounds indicates 

that the compounds have not completely con-

verted to hydrocarbon compound at a tempera-

ture of 350 oC. Therefore, the reactor tempera-

tures over 350 oC were needed. In this work, 

aromatic compounds were only found in sunan 

candlenut liquid product. It means that polyun-

saturated fatty acid in triglycerides in sunan 

candlenut oil can be converted to gasoil range 

hydrocarbon containing small amount of aro-

matics through hydrocracking reaction.   
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