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Synthesis of the ethyl ester biodiesel from rubber seed oil and Jatropha

curcas oil by using heterogeneous catalyst from Anadara granosa shell
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ABSTRACT

This research was to study the synthesis of ethyl ester biodiesel from non-edible oil, rubber seed
oil and Jatropha curcas oil. Prior to subject transesterification, high free fatty acid containing in
both rubber seed oil and Jatropha curcas oil were reduced through esterification reaction.

Preparation of catalyst used for ethyl ester production started by. calcination of waste Anadara

granosa shell at 1000 °C before impregnation with LINO; at 1.75 % w/w of Li concentration. The
parameters that were studied to optimize the condition for transesterification included molar ratio
of ethanol to oil }9:1-18:1), the amount of catalyst (2-4 % W/W), temperature (55-75°C), reaction time
{1-5 h). The results indicated that the prepared catalyst could be used in synthesis of ethyl ester
biodiesel, and the optimized condition for both oils was the molar ratic of ethanol to oil at 9:1, the
amount of catalyst at 4 % w/w, the reaction temperature at 75°C, and the reaction time at 5 h. This
yielded ethyl ester biodiesel when utilized rubber seed cil and Jatropha curcas oil as raw material
at 90.1 % w/w and 85.6 % w/w, respectively. Importantly, the results from this study can be used

to increase considerable value of two non-eatable oil, ubber seed oil and Jatropha curcas oil in

industrial
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ABSTRACT

This research was to study ethyl ester synthesis from non-
edible oils, rubber seed and Jatropha curcas oils. Prior to
subject to transesterification, high free fatty acid
containing in both oils were reduced through esterification
reaction. Preparation of catalyst used for ethyl ester
production started by caleination of waste Anadara
granosa shell at 1000 °C before impregnation with LiNO;
at 1.75 %w/w of Li concentration. The parameters studied
to optimize the condition for transesterification included
melar ratio of ethanol to oil ) 9:1-18:1), the catalyst
amount(2-4 %w/w), temperature (35-75°C), reaction time
{1-5 h). The results indicated that the prepared catalyst
could be used in synthesis of ethy] ester biodiesel, and the
optimized condition for both oils was the ethanol to oil
molar ratio at 9:1, the catalyst amount at 4 % wiw, the
reaction temperature at 75°C, and the reaction time at 5 k.
This yielded ethyl ester when utilized rubber seed oif and
Jatropha curcas oil as raw material at 90.1 %w/w and 85.6
Yew/w, respectively,

KEYWORDS
Ethyt ester; rubber seed oil: Jatropha curcas oil; Anadara
granosa shell.

INTRODUCTION

Presently, rubber seed oil and Jatropha curcas oil are
considered, int particular Thailand and Asian countries, as
important raw materials for renewable energy. In biodiesel
production, calcium oxide (Ca0Q) is widely used as a
catalyst because of its highly reactivity, availability, and
low toxicity {2]. Furthermore, CaO can be prepared from
calcination of waste materials ¢.g. shells at high
temperature [4]. Meher et al. reported that reactivity of
Ca0 will be increased when impregnated with lithium (Li),

and can be used for catalysis of ofl with > 1 % wiy high
free fatty acid (FFA) [1, 3]. Thus it is suitable for non-
editable oils which usually contain high free fatty acid.
The aim of this research was to determine utilization and
efficiency of waste shells as a catalyst in ethyl ester
biodiesel synthesis.

MATERIALS AND METHODS

Raw Materials and Chemicals

The rubber sceds were purchased from rubber plantation
from the North-East region of Thailand, The Jatroph
curcas oil was purchased from Thai Jatropha Co., Lid.,
Pathum Thani Province. The Anadara granosa shells were
obtained from a local market. All chemicals were of
analytical grade.

Catalyst Preparation

For Ca0 preparation, the Anadara granosa shells were
cleaned and air dried. The mashed shel] was then, calcined
at 1000 °C for 2 h prior to perform XRD analysis. We:
impregnation of Ca0 was carried out by mixing calcin
Anadara granosa shell Ca0 with LiNO, soludic,
containing 1.75%w/w Li, and stirring for 2 h continuousiy
before drying again at 100°C for 24 h [1].

Transesterification Reaction

All experiments were carried out in a reflux system. The
reaction was started by mixing a desired amount of cataly::
and ethanol in a three-necked flask. The reaction was
heated while stirring (700 rpm). When the desired
temperature reached, 15 g of oil was added and allowed
the reaction continuing until reaching the reaction tirae
The mixture was kept in a separatory funnel avernight i
allow complete separation between catalyst and ethyi ester
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layers. On the next day, the mixture was filtered to separate
the catalyst before heat at 160°C to evaporate ethanol from
the ester layer, while the glycerol was collected at the
bottom of the flask. Quantification of the ethyl] ester was
determined by EN 14103 standard method.

RESULTS AND DISCUSSION
Properties of Crude Oil

Table 1 illustrates the chemical and physical properties of
the crude oil investigated by standard methods.

Properties Jatroph? Rubber sced oil
curcas oil
Viscosity, cSt 35.18 30.11
Water content, 5
0w 0.23 0.21
Free fatty acid 16.1 29.0
conttent, % w/iw (as oleic acid) | (as linoleic acid)

Table 1. Chemical and physical properties of crude oils

Characterization of CaQ

Figure 1 shows the X-ray diffraction (XRD) patterns from
Anadara  gronosa  shell samples after calcination
confirming that the transformation of CaCOs in shells into
Ca0 was completed.

Effect of Variables on Transesterification
Determination of the effect of ethanol/oil molar ratio on the
reaction revealed that at 9:1 and 12:1 molar ratios, the
reaction yields were almost the same. Besides, the ester
amounts from both ratios trended ta be increased when the
teaction time was longer, and stable at 5 h reaction time.
Compared with 9:1 and 12:1 molar ratios, using 15:1 and
18:1 molar ratios gave lower amounts of ethyl ester.

T34
ey CaQ from Anmudurs grantma saell

e

5agg

Interssity {€ouats)

S Pl
Trwo-Theta (deg)

Figure 1: XRD patterns of Ca0 and Aradara granosa
shells after being calcined at 1000 °C for 2 h.

Importantly, increasing catalyst amount from 2 to 4% Wiy
resulted in higher yield. The increased cthyl ester amounts
were observed from 74.0 to 85.6 Yew/w and from 75.1 to
90.1 Yow/w for rubber seed oil and Jatropha curcas oil,
respectively, at the reaction condition of 9:1 ethanol/oil
molar ratio, reaction time at 5 h, and 75°C. It should be
noted that no separation of glycerol was seen when using
the same reaction eondition but without catalyst addition.
Finally, the effect of temperature on the ethyl ester
synthesis was examined by comparing the yield between 2
reaction temperatures, 55 and 65°C at the reaction time of
5 h. For-both rubber seed oil and Jatropha curcas oil
increasing of ethyl ester, for about 60-70 %w/w was
obtained from both reaction temperatures. One explanation
is that when reaction temperature was higher, decreasing
of oil viscosity occurred. This led into increasing of
interaction between catalyst and oil, thereby higher
reactivity.

CONCLUSION

The results from this study indicated that Li/Ca0 from
Anadara granosa shells can be potentially used to prepare
a high reactive catalyst for ethyl ester synthesis. From the
results, it was found that the optimal condition for the
highest yield for both oils is reaction time at 5 h., molar
ratio of ethano! to oil at 9:1, and temperature at 75°C.
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