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Abstract

The development of curcas bean (Jatropha curcas Linn) as a raw material for biodiesel have a very
promising potential, because in addition to producing oil with high productivity (40-45%). Curcas
bean oil was transesterified at 600C for 120 minutes to produce biodiesel. The produced biodiesel
was the cracked with the H-zeolite catalyst at 70°C, 80°C, 90°C, 100°C, 110°C, and 120°C for 60,
90, and 120 minutes. This study was aimed to characterize the curcas bean biodiesel that had been
cracked using H-zeolite catalyst. Characterization of the biodiesel from cracking process included
viscosity, saponification number, iodine number, and cetane number. Results of the study indicated
that the breakdown of carbon chain in the fatty acid of curcas bean biodiesel can be achieved by
catalytic cracking. This was evidenced by the reduced viscosity and iodine number and increased
saponification number and cetane number of the curcas bean biodiesel after cracking. Analysis of
the curcas bean biodiesel product obtained indicated that the optimum temperature was 90°C and
optimum reaction time was 180 minutes. Characteristics of the curcas bean biodiesel on these
conditions included the viscosity of 3.850 cSt, saponification number of 206.332 mg KOH/g
sample, iodine number of 60.11 mg lodine/g sample, and cetane number of 68.83. GCMS test on
the biodiesel composition indicated the presence of 0.798% of methyl laurate (C13H2602), 44.527%
of methyl palmitate (C17H3402), 4.584% of methyl linoleic (C19H3402), 46.506% of methyl oleic
(C19H3602) and 3.584% of methyl stearic (C19Hz602).
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1. Introduction

The development of curcas bean (Jatropha curcas Linn) as a raw material for biodiesel have a
very promising potential, because in addition to producing oil with high productivity, this plant
also has a low economical value as non-food plant, and capable of producing plenty of fruits all
the year. Curcas beans have a relatively high oil content, about 40-45% of its weight contain about
77.3% of unsaturated fatty acid and 22.7% of saturated fatty acid (Dising, 2007).
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Gubitz in Zhang, et. al (2008) suggested that curcas bean oil contained fatty acids with carbon
chain length ranging from Cis — Cig. Lubis (2007) stated that the longer the carbon chain, the
higher the viscosity of the fuel. The high viscosity of a fuel makes it difficult to inject into ignition
chamber in diesel engine. The viscosity of curcas bean biodiesel ranges from 8.55-10.82 cSt
(Dising, 2007), 14.159 ¢St (Purba, 2007), to 11.44 cSt (Wisyastuti, 2007).

The high unsaturated fatty acids content, oleic and linoleic (60-90%), in the curcas bean oil makes
the cetane number of its biodiesel is low, only about 54.28 (Dising, et.al, 2012). According to
Purba (2007), cetane number of biodiesel produced from transesterification was 54.32. Knothe et.
al. (2003) suggested that the increased double bond can reduce cetane number. The high cetane
number is observed in saturated fatty acid esters such as palmitate and stearic acid. Generally, the
cetane number of monounsaturated fatty acid like oleic have been reported in the intermediate
range.

This study was aimed to characterize the curcas bean biodiesel that had been cracked using H-
zeolite catalyst. Characterization of the biodiesel from cracking process included viscosity,
saponification number, iodine number, and cetane number.

2. Material and Method

Material using in this research is curcas bean oil, methanol, NaOH, alcohol, pp indicator, distilled
water, chloride acid (HCI), chloroform (CHCI3), Kl, sodium thiosulphate (Na2S203), starch
indicator, and H-zeolite catalyst. Synthesis of H-Zeolite catalyst using the Plank method (Plank,
1990).

Method of research is curcas bean oil was transesterified at 60°C for 120 minutes to produce
biodiesel. The produced biodiesel was the cracked with the H-zeolite catalyst at 70°C, 80°C, 90°C,
100°C, 110°C, and 120°C for 60, 90, and 120 minutes. The biodiesel product was then
quantitatively tested. The test included the viscosity, saponification number, iodine number, and
cetane number. GCMS was used to determine the composition of the curcas bean biodiesel.

3. Results and Discussion

In this research will show the characteristics of curcas bean biodiesel after cracking reaction.
Curcas bean biodiesel characteristics include viscosity, saponification number, iodine value and
cetane number will be described hereinafter. Biodiesel derived from curcas bean oil
transesterification reaction, cracking at temperatures 70, 80, 90, 100, 110, and 120 ° C at reaction
times of 60, 120, and 180 minutes.

Viscosity of Curcas Bean Biodiesel

Figure 1 shows the relationship between temperature and reaction time cracking the viscosity of
biodiesel. The longer the reaction time and the higher the reaction temperature, the lower the
viscosity of the produced biodiesel. For the reaction time of 180 minutes and temperature reaction
of 70, 80, 90, 100, 110, and 120°C, the viscosity obtained were 4.15 cSt, 4.390 cSt, 3.850 cSt,
3.493 cSt, 3.519 cSt, and 3.509 cSt. It can be seen from these data that the reduction of biodiesel
viscosity was caused by the breakdown of carbon chains composing the curcas bean biodiesel.
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This is in accordance with Lubis (2007) and Dising (2007) that the viscosity of a fuel was highly
influenced by the length of the carbon chains constructing the fuel. The longer the carbon chain,
the higher the viscosity. Conversely, the shorter the carbon chain, the lower the viscosity. GCMS
analysis indicated the increase of methyl palmitate (C17H3402) and reduction of methyl oleic
(C19H3602) and methyl linoleic (C19H3402) level. The increase methyl palmitate level after
ca}alytic cracking reaction again proved the breaking of carbon chain in curcas bean biodiesel.
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Figure 1: The influence of cracking reaction temperature and time on the viscosity of curcas bean

biodiesel

Saponification Number of Curcas Bean Biodiesel

Figure 2 shows the relationship between temperature and reaction time cracking the saponification
number of biodiesel. The highest saponification number is achieved at 90°C and 180 minutes. At
these conditions, the saponification number obtained was 206.332 mg KOH/g sample. These data
indicated that the reaction temperature at 90°C and reaction time of 180 minutes were the optimum
conditions for the breaking of carbon chains of the curcas bean biodiesel. The high saponification
number (206.332 mg KOH/g sample) indicated that the compounds composing the curcas bean
biodiesel contained fatty acids with relatively low molecular weight. When the molecular weight
is low, the mole of the biodiesel will increase, thus it needs many KOH for saponification
(Widyastuti, 2007). According to these data, it can be assumed that a cracking reaction had
occurred that breakdown the carbon chain of unsaturated fatty acid ester, oleic or linoleic, in the
curcas bean biodiesel. The carbon chain breaking occurred in the saturated fatty acid ester will
form new fatty acid esters with carbon chain length of C1> — C16. This was confirmed by GCMS
analysis which indicated a significant increase in methyl palmitate level.
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Figure 2: The influence of cracking reaction temperature and time on saponification number of
curcas bean biodiesel
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lodine Number of Curcas Bean Biodiesel

Figure 3 shows the relationship between temperature and reaction time cracking the iodine number
of biodiesel. lodine number of biodiesel indicates the unsaturation level compounds composing it.
lodine number of the curcas bean biodiesel from transesterification reaction was 92.38 mg iodine/g
sample. This value meets the SNI 04-7182-2006 standard that requires 115 mg iodine/g sample as
maximum iodine number for biodiesel. However, the iodine number of 92.38 mg iodine/g sample
was near the maximum threshold. From these data it can be estimated that the curcas bean biodiesel
still contain high unsaturated fatty acid ester. The obtained iodine number of the curcas bean
biodiesel after catalytic cracking reaction, shows the presence of iodine number decrease to 60.11
mg iodine/g sample at reaction temperature of 90°C and reaction time of 180 minutes.

The decrease in iodine number of the curcas bean biodiesel after catalytic cracking reaction
indicated that the produced biodiesel was more saturated, suggesting that the carbon chain
breakdown reaction had occurred, thus the saturating in its double bonds. This was confirmed by
GCMS analysis, as shown in Table 1. This table shows the saturated fatty acid ester is 45.326%
and unsaturated fatty acid ester is 54.674%.
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Figure 3: The influence of cracking reaction temperature and time on iodine number of curcas
bean biodiesel

Figure 4 shows the relationship between temperature and reaction time cracking cetane number of
biodiesel. Cetane number is a parameter to determine the quality of biodiesel. Study results indicated
that the highest cetane number (68.83) was obtained at reaction temperature of 90°C and reaction
time of 180 minutes. This number was higher when compared to that of before cracking (54.28).
This indicated the increase of cetane number after catalytic cracking reaction by 14.55. This cetane
number was much higher than the standard required by Indonesian biodiesel quality standar (SNI)
minimum cetane number is 51 (Badan Standar Nasional, 2006).

According to Shreve in Knothe, et.al (2006), the high cetane number will cause the fuel ignites in
a relatively low temperature with rapid ignition time. Thus, the quality of the biodiesel produced
in this study will increase with the cetane number. The low cetane number before cracking was
due to the presence of unsaturated fatty acids such as oleic and linoleic in the composition of the
curcas bean diesel. The cetane number was increased significantly about 30% after catalytic
cracking.
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According to Knothe et. al (2003), the increased double bond can cause lower the cetane number
but, generally, the higher cetane number for saturated fatty acid ester. Therefore, reducing the
unsaturated fatty acid ester level in the curcas bean biodiesel composition by up to 88.044% after
cracking will automatically increase the cetane number of the curcas bean biodiesel. This indicated
that after catalytic cracking there was a decrease in unsaturated fatty acid ester by about 37.902%.

Knothe (2008) also suggested the cetane number of some straight-chain fatty acid methyl esters
such as methyl laurate (66.70), methyl palmitate (85.9), methyl stearic (101), methyl oleic (59.3)
and methyl linoleic (38.2). This confirmed the finding of this study. According to GCMS analysis,
it can be concluded that the increased cetane number after catalytic cracking reaction was caused
by the increased methyl palmitate and methyl stearic in the composition of curcas bean biodiesel.
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Figure 4: The influence of hydrocracking reaction temperature and time on cetane number of
curcas bean biodiesel

Composition of Curcas Bean Biodiesel

Based on viscosity, the number of the bribe, the number of iodine, and the number of stamp-
spacing biodiesel after the directive is obtained the best reaction conditions are at the temperature
of 90 oC and the reaction Watu 180 minutes. In this case, the GCMS analysis is carried out to
obtain a plants composition of curcas bean biodiesel. Composition of curcas bean biodiesel after
cracking by GCMS analysis as shown in Table 1. In table 1, obtained methyl lauric 0.798%, methyl
palmitate 44.527%, methyl linoleate 4.584%, methyl oleic 46.506%, and methyl stearate 3.584%.
This data indicates that the curcas bean biodiesel obtained through the cracking reaction contains
48.910% methyl ester of saturated fatty acids and 51.090% methyl ester of unsaturated fatty acids.

Table 1: Composition of Fatty Acid Methyl Esters of Curcas Bean Biodiesel after Cracking at
90°C for 180 minutes.

Fatty Acid Methyl Ester |Retention Time|Corrected Peak Area| Composition (%0)
Methyl laurate 17.590 1023224 0.798

Methyl palmitate 19.338 57083817 44,527

Methyl linoleic 20.951 5877228 4.584

Methyl oleic 21.002 59620625 46.506

Methyl stearic 21.227 4595102 3.584
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4. Conclusions and Advice

From the results of this study, some conclusions can be drawn the optimum temperature for the
catalytic cracking reaction of curcas bean biodiesel was 90°C and the optimum time reaction was
180 minutes. The produced biodiesel at these conditions had viscosity of 3.580 cSt, saponitication
number of 206.332 mg KOH/g sample, iodine number of 60.11 mg iodine/g sample, and cetane
number of 68.83. GCMS analysis found the following compounds in the composition of curcas
bean biodiesel: methyl lauric (C13H2602) (0.798%), methyl palmitate (C17H3402) (44.527%),
methyl linoleic (C19H3402) (4.584%), methyl oleic (C19H3602) (46.506%), and methyl stearic
(C19H3802) (3.584%).

For further research needs to be studied further comparison with biodiesel catalyst, and the effect
of reaction temperature and reaction time for the hydrocracking process with the same catalyst (H-
zeolite).
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