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Abstract

Jatropha curcas oil is a seed oil or bio-oil, which has advantages compared to
others plant’s seed-oil. The advantage of this oil is due to the fact that Jatropha
oil does not compete with the food sector. In this research, the potential carrier
oil testing was conducted to seek a way in improving the performance of
Jatropha oil as lubricant oil, coolant or biodiesel. For this purpose, Jatropha oil
was mixed with the other carrier oils in the variation of 0 — 45 %. Each variation
was tested to obtain kinematic viscosity and density values. The results of this
research was the carrier oils has the potential to be used as the mixing material
since it can improve the physical properties of Jatropha oil, before the next
process. Kinematic viscosity and density of Jatropha oil decreases as more
percentage of mixed carrier oil was added.
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1. INTRODUCTION

Jatropha curcas plants is an ideal raw material for biodiesel, lubricant oil or coolant,
because these plants do not compete with the food industry, and higher oil content
compared to palm-oil. Jatropha oil content range from 32-35 %, whereas palm-oil is around
24 %. Jatropha curcas plants are easy to cultivate eventhough the productivity depends on
several factors such as variety, soil fertility, soil texture, with the most important factors to
consider are drainage system, rainfall and altitude [1].

Jatropha curcas oil has potential to be reprocessed, such as for biodiesel or lubricants.
It is a renewable fuel that contains 10—-12% more oxygen and its properties are closer to
diesel [2]. Biodiesel itself is an alternative fuel that can be used as an additive for diesel oil
derived from fossil. Biodiesel is now widely processed using the transterification reaction
to produce methyl esther and glycerrin [3]. Conversion of triglycerides into esters is
intricate, if vegetable oils consist of large amounts of FFA (>1% w/w) that will form soap
with base catalyst [4]. Few researchers have worked with feedstocks having higher FFA
levels using alternative processes [5].

Now the biodiesel is one of the alternative fuel and almost every country making a
policy of using biodiesel in the transportation sector. Moreover, the scientific research on
biodiesel production, storage, performance and emission has increased exponentially [6].
The important physical properties of biodiesel are kinematic viscosity, density and calorific
values, where these properties greatly affect engine performance and emission [7]. In the
process of making biodiesel, viscosity and density are two important physical properties
that are widely used in combustion modelling and fuel quality [8][9].

In this research, Jatropha curcas oil has been tested for physical properties, especially
kinematic viscosity and density after being mixed with various carrier oil. This treatment is
expected to show the potential of carrier oil as a pretreatment for the process of making
biodiesel [10]. So that biodiesel has been obtained is in accordance with the international
standard of biodiesel.
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2. METHODS
2.1 Equipment and Materials

This research used several equipment, namely glass bottle, specimen bottle,
pycnometer, Ostwald viscometer, refrigerator and oven. Whereas the material used is
crude Jatropha oil (CJO). The Jatropha curcas oil is obtained from the Faculty of Agriculture
and Animal Husbandry, University of Muhammadiyah Malang. Olive oil and sunflower seed
oil as a carrier oil and phosphoric acid (HzPOa) as gum binder in the degumming process.

2.2 Procedure
2.2.1 Preparation

Jatropha curcas oil was obtained from the process of pressing Jatropha seed. After
the process, the oil was precipitated to remove impurities for about 3 days. Then the
deposition process take place, followed by oil filtering to produce pure Jatropha oil.

2.2.2 Production

Pure oil obtained from filtering process, then tested for the kinematic density and
viscosity values. It was conducted to determine the initial density and viscosity of Jatropha
oil. The next process was mixing and blending of Jatropha curcas oil with the carrier oil in
the determined percentage. The oil mixture then mixed perfectly using a magnetic stirrer
for about 15 minutes. Followed by degumming process using an operating temperature 80°
C in 30 minutes. After degumming process, the mixture oil then be allowed to settled and
filtered to separate gum and oil for at least 48 hours. Oil that has been separated from gum,
then purified using warm water around 55° C and separated again to formed 2 phases,
water and oil. Separated oil then be heated in an oven at 90° C for about 2 days, or until
the oil mass was stabilized.

2.2.3 Testing

After the degumming process, Jatropha oil was obtained which is free of gum. The
next step was to re-measure the kinematic density and viscosity of the pure oil. Each
concentration was measured using a 25 ml pycnometer and measured at 20° C.

After measuring the density at each concentration, kinematic viscosity measurements
were carried out using an Oswald viscometer at 40° C. Both values are theoretically
adjusted to the density and viscosity value of the mixture.

3. RESULT AND DisScuUsSION

Jatropha oil is one of the oil plants that have many advantages. The oil content that is
above 40% with the highest fatty acid content is 45% oleic fatty acid [11]. Jatropha oil
contains about 14% free fatty acids (FFA) which far exceeds the FFA level limit of 1% which
can be converted to biodiesel using the transesterification reaction process with a base
catalyst [12]. For this high level of FFA, it is necessary to optimize the process of converting
Jatropha oil into biodiesel. The step that needs to be taken into account is the pretreatment
at the beginning of the process to reduce high FFA levels to less than 1% in the
transesterification reaction with a basic catalyst [13].

Carrier oils used in this study were extra virgin olive oil (EVOO) and sunflower seed
oil (SFO). The two oils were chosen as carrier oils because the kinematic viscosity value
of the two oils was lower when compared with Jatropha oil or crude jatropha oil (CJO). The
kinematic viscosity of olive oil and sunflower seed oil are 29.4 and 34.4 cSt, respectively
[14].

3.1 Effect of Carrier Oil Concentration to Kinematic Viscosity

Viscosity is usually defined as the time of volume of liquid flowing through the Oswald
viscometer calibrated at 40° C. Kinematic viscosity in biodiesel from plant oils has a very
high value when compared to diesel fuel. This becomes the main problem in the
combustion process.

Because fuels that have high viscosity will tend to form larger droplets during injection,
resulting in worse atomization and creating problems such as crust in the combustion
chamber [15].
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Carrier oils used in this research are extra virgin olive oil and sunflower seed oil. The
two oils were chosen as carrier oils because the kinematic viscosity value of the two oils is
very low when compared with Jatropha oil or crude Jatropha oil (CJO). As a study
conducted by Dermibas (2003) which states that the kinematic viscosity of olive oil and
sunflower seed oil are 29.4 and 34.4 cSt, respectively.

The effect of carrier oil concentration on viscosity can be seen in Figure 1.
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Figure 1. Relationship between carrier oil concentration and kinematic viscosity

In Figure 1 it can be seen that the concentration of carrier oil is very influential on
kinematic viscosity. The kinematic viscosity of each oil used is mixed oil kinematic viscosity.
In Figure 1, it can be seen that the kinematic viscosity for the addition of CJO with olive oil
gives a lower viscosity value compared to the mixture of CJO with sunflower seed oil. This
is because the kinematic viscosity value of olive oil is also lower when compared to
sunflower seed oil.

Figure 1 also shows that CJO mixed with olive oil will give a low viscosity when
processed through a transesterification reaction to be converted into biodiesel. This is
shown from the performance graph that tends to be lowered compared to a mixture of CJO
with sunflower seed oil. This is in line with the purpose of the transesterification process to
reduce oil viscosity so that it can be used as an alternative diesel fuel as in previous
research [16].

This study also compared kinematic viscosity values between testing with the
theoretical one. Kinematic viscosity testing was conducted by using Oswald viscometer
while theoretical kinematic viscosity was obtained from mixed kinematic viscosity for each
concentration. The relationship between the two kinematic viscosity for mixture of Jatropha
oil and olive oil (EVOO) can be seen in Figure 2.

From Figure 2, it can be seen that the kinematic viscosity of the oil mixture are not
much different from the theoretical calculations. The more EVOO content given has the
tendency to lower the kinematic viscosity. This can be estimated carefully because the
kinematic viscosity of EVOO has a low value of 29.4 ¢St (Dermibas, 2003).

While the comparison of kinematic viscosity values of sunflower seed oil can be seen
in Figure 3.
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Figure 2. Relationship between EVOO concentration with theoretical and testing kinematic viscosity

41
40
39
38

37

Viscosity (cSt)

36
35

34
0% 5% 10% 15% 20% 25% 30% 35% 40%  45%

SFO concentration
e=@==Theoretical ==@== Testing

Figure 3. Relationship between SFO concentrations with kinematic viscosity theoretically and tested

In Figure 3 it can be seen that the kinematic viscosity of oil blends are not much
different from the theoretical calculations. The more SFO content is given, the less likely is
the kinematic viscosity to be lower. But the lowered value that occurred was not too large
when compared to the decrease in EVOO. This is because the kinematic viscosity value of
sunflower seed oil is much greater when compared to the kinematic viscosity of olive oil,
which is 32.4 ¢St [14].

Kinematic viscosity is one of the most important things to know to determine the next
step in the process of making Biodiesel. This is because the change in kinematic viscosity
is one of the important specifications in accordance with ASTM-D445. This measurement
step is important since high viscosity will cause poor atomization of the fuel spray so that it
results in worsening the operation of the fuel injector [17].
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3.2 Effect of Carrier Oil Concentration on Density

Density is another important thing in the process of making biodiesel. Density can be
defined as the ratio of the mass of an object to its volume. This density is the density of a
mixture of Jatropha oil (CJO) with carrier oil, namely sunflower seed oil and extra virgin
olive oil. The effect of EVOO carrier oil concentration on density can be seen in Figure 4.
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Figure 4. Relationship between carrier oil concentration and density

In Figure 4, it can be seen that higher the concentration of the carrier oil, the lower the
density value. The density of sunflower seed oil is lower when compared to the density of
extra virgin olive oil. But the densities of the three oil are actually very close, so the results
of mixing using a pycnometer do not differ much.

The density of the mixed oils in this research is measured with a pycnometer at a
temperature of 20° C in accordance with the specifications of the instrument used. The
decrease in density at each concentration is due to the mixing between the two oils which
have different densities in which one of them has a lower density because of the influence
of the concentration of the carrier oil. This density measurement is carried out at the same
temperature, so that there is no change in density as occurs when a temperature difference
exist.

While the comparison of the density of pychometer measurements with theoretical
calculations of mixture density using EVOO can be seen in Figure 5.

In Figure 5, it can be seen that the density of the pycnometer measurement is lower
when compared to the density of the calculated density results. This is because of effect of
temperature instability when measuring with a pycnometer. The difference is around 0.3%
- 1%.

The comparison of the density of pycnometer measurements with theoretical
calculations of mixture density using SFO can be seen in Figure 6.

In Figure 6, it can be seen that the density of the pycnometer measurement is lower
when compared to the density of the calculated density results. This is because the
influence of temperature instability when measuring with a pycnometer. The difference is
around 0.7% - 1%. This change occurs due to differences in concentration variations and
the number of double bonds found in EVOO and SFO oils. The double bonds contained in
each carrier oil greatly affect the density of the mixture because the relative molecules of
each carrier oil are also different [8].
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Figure 5. The relationship between EVOO concentration and density by means of experiments and
calculations
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Figure 6. Relationship between EVOO concentration and density by experiment and calculation

This density measurement is needed to know the value of initial density of the mixture
oil for making biodiesel. Once initial value is obtained then it can be estimated the density
of produced biodiesel [7]. The decreasing density of this mixture will affect the density of
biodiesel produced later. Because the density of biodiesel also affects the operation of fuel
injection [18].

4, CONCLUSION

In this study the potential of carrier oil gives the result that EVOO and SFO have the
potential to be used as carrier oil in the pre-treatment process of Jatropha Curcas oil as
biodiesel. This is because the results of the viscosity and density of the mixture of CJO with
the two oils that are used as carrier oil make the density and viscosity of CJO also decrease.
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