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Abstract - The energy crisis is ready to whack,
according to the fact that about 66% of the earth's fuel
comes from fossils. The urgency for alternative fuels
discovery is increasing, one of such these fuels is being
natural rubber latex. This material has a potential as an
alternative fuel because of its high hydrocarbon
content. This study was to determine rubber latex
activity as biokerosene. In this study, the distillation of
fresh natural rubber latex was performed and the
process produces an average of 0.196 L of distillate per
0.5 kg of latex. The distillate was separated to obtain
pure biokerosene. Latex biokerosene analysis shows
yellow color, strong odor, nonpolar properties,
flammability, yellow flame color and black smoke,
873.9 kg/m? density, Rf=0.641 (4% methanol as mobile
phase) and Rf=0.883 (N-hexane and acetone as
mobile phase) of the thin layer chromatography. It can
be concluded that latex has the potential as a
biokerosene and can be an alternative solution against
the national energy crisis.
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I.  INTRODUCTION

Every aspect of life requires the energy provided by
fuel. Unfortunately, in many parts of the world,
including Indonesia, the condition of the energy crisis
is becoming a protracted issue. Based on the
calculation from Indonesian Energy Outlook,
Indonesia's oil reserves in 2014 is about 3.6 billion
barrels and it is expected to be exhausted by 2026 [1].
That phenomenon is based on many factors such as
population and economic growth [2]. The energy crisis
is also related to the fact that around 66% of the
world’s energy consumption in 2014 comes from non-
renewable fossil fuels [3]. Attempts to overcome this
energy crisis are crucial to preventing future
downturns. One of the efforts exerted is to use material

from nature such as latex as one kind of alternative
energy that can be used as fuel to provide better
productivity and decrease pollutants.

Latex potential as an alternative fuel is based on high
rubber hydrocarbon content that reaches 30-40% [4],
which has not been harnessed optimally. The
hydrocarbon potential of rubber latex can be an
alternative solution to help prevent the energy crisis.
The potential of this renewable energy is based on a
relatively short harvesting preparation period
compared with its quite long harvesting period (five
years of preparation and up to 35 years of harvesting
period, though Food and Agriculture Organization
recommended that the harvesting period be up to 28
years) [5], [6]. In addition to its long harvesting period,
rubber latex tapping can be done very frequently,
ranging from twice a day to every four days depending
on the season, soil (geographic area), and tree age [7].

South Sumatera Province, especially Banyuasin
Regency, is one of the largest rubber-producing areas
in Indonesia, evidenced by the statistics in 2015 from
the South Sumatra Forestry Department that shows
the rubber (Hevea braziliensis) farms in Banyuasin
Regency covering 248,501.86 hectares (ha) with
rubber production reaching 239,707.79 tons [8]. Based
on these data, every hectare of rubber farms can
produce about 1 ton/ha latex. In Indonesia, this
number is ranging from 892 kg/ha to 1.542 kg/ha
annually [9]. This ratio shows a relatively high prospect
in rubber production.

In the meantime, the use of rubber is limited to tire
production. It is a very huge problem especially with
the phenomenon of scrap rubber tire generation which
is exceeding 800 million pieces annually [10].

The recycling process is not going as expected and we
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must search for a new way of utilizing rubber latex to
optimize community activities. One of the ways that
can be adopted is to develop latex biokerosene as a
renewable fuel. The researchers in this study are
analyzing latex biokerosene and its value as an
alternative energy source.

Il. METHODS AND MATERIALS

The research method is based on laboratory
experiments. The study took four months and was
carried out at the Biomolecular Laboratory of the
Faculty of Medicine, Sriwijaya University, and the
Sriwijaya State Polytechnic Chemical Laboratory.

1. Chemicals and Materials

In the process of making the biokerosene, the
researchers used 2.5 kg of latex (rubber sap) from
rubber farm in Banyuasin, South Sumatera as the main
component, standard kerosene (Pertamina®) as
comparison substance, 6 liters of Paraffin (Sigma-
Aldrich®) and distilled water (Sigma-Aldrich®) in the
distillation  process, methanol (99.8%, Sigma-
Aldrich®), N-hexane (98.5%, Sigma-Aldrich®), acetone
(99.8%, Merck®), silica gel thin-layer plate (TLC Silica
gel 60G F254, Merck® for the thin layer
chromatography, cut into 5 cm (height)x2 cm (width)
[11], and aluminum foil (Sigma-Aldrich®).

2. Tools

There are some tools used in this research including
distillation apparatus, oil bath, temperature regulator,
thermometer, stative and clamps, Erlenmeyer flask 250
mL (Pyrex®), separator funnel, measuring cylinder in
the distillation procedure, pycnometer for the density
analysis, glass beaker (Pyrex®), dropping pipette
(Pyrex®), capillary pipette (Pyrex®) for thin-layer
Chromatography(TLC), ruler and Ultraviolet (UV)
reader (Eppendorf®) for the determination of
retardation factor (Rf).

. RESEARCH PROCEDURE

1. Biokerosene production

The procedure of biokerosene production from latex is
as follows: (1) put 0.5 kg of latex into the distillation
flask, make five experimental samples, (2) set the
distillation apparatus and the temperature regulator,
(3) put the distillation flask on the oil bath and fill the
oil bath with 3L paraffin, (4) put Erlenmeyer flask (250
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mL) at the end of the distillation apparatus, (5) heat
the distillation flask containing the latex to 130°C, (6)
dispose of the initial distillation product (water),
increase the temperature to 150-165°C[12] and the
later distillation product as the result of the distilled
latex is stored in the form of kerosene (but is still mixed
with water), (7) finally, separate the oil and water with
separator funnel [13]. The distillation process was
done for three hours for 500 grams of raw material and
stopped when there is no distillate produced in the
distillation apparatus.

2. Analysis

Analysis for the biokerosene was done using physical
examination (volume, color, smell, combustion
capability, the color of the flame and smoke color),
relative density measurement using a pycnometer at a
temperature of 18°C and 28.8°C and thin layer
chromatography test for the determination of
retardation factor (Rf). The retardation factor in planar
chromatography which is used in this research is
defined as the ratio of the distance traveled from the
center of the spot to the distance simultaneously
traveled by the mobile phase as compared with the
solvent [14]. Thin-layer chromatography was analyzed
by using Ultraviolet (UV) reader at 254 nm wavelength
[15]. Research procedures are simplified in figure 1.

IV. RESULTS

1. Distillation Products Volume

From five distillation experiments, the average results
were 0.196 liters per 0.5 kg of latex or about 2.55 kg of
latex to obtain 1 liter of distillate. It is comparable with
39.2% of oil-yield (ratio of distillate per raw material dry
weight). The results of distillation products can be seen
in table 1.

Table 1. Data of Latex Distillation Product.

Distillation process Latex mass Distillates
1 0.5 kg 0.190 L
2 0.5 kg 0.180 L
3 0.5 kg 0.195L
4 0.5 kg 0.205 L
5 0.5 kg 0.210 L
Average 0.5 kg 0.196 L

2. Macroscopic Examination

The distillate is observed macroscopically and then
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compared with Pertamina (Perusahaan Pertambangan  and its smoke. The macroscopic analysis showed that
Minyak dan Gas Bumi Negara) kerosene. The  the produced biokerosene has relatively the same
researchers examined the oil color, smell, insolubility in physical characteristics except for its smell and smoke
water, combustion capability, the color of the flame,  color. The complete results are depicted in table 2.

-

(f) T B (o)« (h)

Fig. 1. Research procedure. (a) Rubber sap gathering, (b) latex dried for one week to reduce its water content,
(c) distillation procedure, (d) water and oil separation using separatory funnel, (e) latex biokerosene, then
followed with outcome measurement (f) TLC analysis using UV reader, (g) density measurement, (h)
combustion capability measurement.

Table 2. Macroscopic Properties Comparison between Latex Biokerosene 4. Thin Layer Chromatography
and Pertamina.

Parameter Latex Biokerosene ':(‘zrrtgsngi:: The distillate was then analyzed using thin-layer

Oil color T velow | vellow chromatography. Thin-layer chromatography is

smell WW performed by using two solvenjc (mobile

-— 00— phase/eluent), 4% methanol, and the mixture of n-
| Insolubilyinwater | Negaive | Negaive | hexane and acetone at 8:2 ratio. The average Rf
| Combustion capability |  Flammable | Flammable | ygye for the produced biokerosene was slightly
The color of the flame Yellow Yellow different with a smaller number for methanol solvent
Smoke color Black (++) Black (+) (0.641 vs. 0.696) and higher for n-hexane and

acetone (0.883 vs. 0.815). The full result of the
retardation factor calculation is shown in table 3. The
thin layer chromatography result is shown in figure 2.

3. Density Measurement

The experimental procedure was examining
biokerosene density at two different temperatures,
18°C and 28.8°C as the room temperature. There
was no density difference between the two
temperatures with 873,9 g/cm? value.
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(1.a) (1.b) (2.a) (2.b)

Fig .2 Results of thin layer chromatography. (1.a) Latex
biokerosene-methanol, (1.b) Kerosene-methanol; (2.a) Latex
biokerosene-hexane & acetone (2.b) Kerosene-hexane &
acetone.

Table 2. Retardation Factor (Rf) for Latex Biokerosene and Pertamina

Kerosene.
NoO Rf Rf Rf Rf
Sample 1 Standard 1 Sample 2 | Standard 2

1 0.600 0.700 0.900 0.800

2 0.580 0.750 0.890 0.850

3 0.625 0.680 0.843 0.833

4 0.650 0.675 0.910 0.790

5 0.750 0.675 0.870 0.800
Average 0.641 0.696 0.883 0.815

Note: 1 = using methanol 4% as mobile phase, 2 = using N-
hexane + acetone (8:2) as mobile phase

5. Utilization Testing

A biokerosene utilization test was done by boiling 100
mL of water. Then it was compared to Pertamina®
kerosene. Boiling time using biokerosene is five
minutes with 2,5 mL of biokerosene as fuel. It is 25%
slower than boiling time using Pertamina kerosene
(four minutes) with the same amount of fuel. This was
examined by using a standard oil stove.

V. DISCUSSION

Based on the measurement of pure rubber latex
distillation results, no significant difference is found in
every distillation process. The maximum difference
per experiment is 0.03 liters. The result of distillation
ranged from 0.18 liters to 0.21 liters. As stated above,
the produced biokerosene return oil yields about
39.2%. Biokerosene from waste cooking oil distillate
has a 20% oil yield [16]. Meanwhile, the analysis of
rubber seed showed the highest yield of 32,4% [17].

On the macroscopic examination, it is found that
distillate color is clear yellow and visually similar to
kerosene. The combustion capability shown by the
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lamplight test is also quite good as compared to
kerosene. This is due to the considerably high
hydrocarbon content, which is about 30-40% [4]. The
combustion process results in sufficient black smoke
due to its main hydrocarbon content which is in the
form of cis-1.4-polyisoprene [18]. Meanwhile, the color
of the yellow flame that appears is similar to kerosene.

The distillates show practically insoluble properties in
the water, like nonpolar compounds, such as
kerosene. Latex biokerosene odor is quite foul-
smelling because of the existence of several
compounds, like low molecular weight fatty acids such
as acetic acid, butyric and isovaleric acids; long-chain
fatty acids such as stearic acid and aromatic
compounds such as p-xylene and phenol as well as
unexpected compounds such as isoamyl alcohol,
benzyl alcohol, benzaldehyde, benzoic acid and
phenolic acids [19].

From density measurement, the kerosene density
obtained is about 873,9 kg/m3, slightly higher than
Pertamina kerosene density which has a maximum
value of 835 kg/m3 [20]. This density value is still in
the range of kerosene density reference value
according to the U.S. Department of Health and
Human Services, where kerosene is known as
number 1 fuel with density between 810-936 g/cm3
[21]. Past research on Jatropha curcas biokerosene in
Nigeria showed a very small difference in density with
the product (p=874.7 kg/m3) [22] of this research. The
higher density values are due to the existence of
contaminants that need to be separated furtherly.
Researchers also compared the density of latex
biokerosene with other fluid as shown in graph 1
[91.[10].

Graph 1. Latex biokerosene and other fuel density comparison (in
kg/m?3).

1000 936

m = s 70 50
750 _—
810 815
500 715
250
0 T T T T 1
K LB PK G PD

K = Kerosene, LB = Latex iokerosene, PK = Pertamina®
Kerosene, G = Pertamina® Gasoline, PD = Pertamina® Diesel.
Data comparison [9],[10].

The analysis of thin-layer chromatography was done
by using a UV reader at 254 nm wavelength to read
and calculate the retardation factor (Rf). The first
experiment is done by using 4% methanol as the
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mobile phase and shows an average value of 0.641,
on the other hand, Pertamina kerosene control has
an average Rf of 0.696. Based on the data from Ko
et. al., the biokerosene reaches a value of 0.641 by
using 4% methanol as a mobile phase is included in
the kerosene Rf range, i.e. 0.6-0.7 [11]. In this
experiment, there are two readings, which can be
concluded as the result of impure latex biokerosene.
The second experiment was done by using a mixture
of n-hexane: acetone (8:2) as a mobile phase and
resulting in an average Rf value of 0.883 for latex
biokerosene, besides Pertamina kerosene control
has a mean Rf value of 0.815. The results of the
sample test showed that there are movements of
fluid on the silica paper due to the mobile phase and
the stationary phase interaction. However, based on
Ramteke et. al., biokerosene Rf value of 0.883 is
more than expected, which is 0.8 [23] because the
distillate is not pure and still has some contaminants.
The semi-quantitative method above shows that the
distillate may contain biokerosene, although it needs
to be purified further. Future research also must
assess the functionality of this biokerosene product.

Latex biokerosene utilization was assessed by boiling
water in the standard oil stove. It was proved that latex
biokerosene has a 25% slower time to boil the water
as compared with standard kerosene (Pertamina®)
and can, therefore be used for household activity
although it needs more improvement. The
researchers did not find a suitable comparison for the
utilization test. On the other hand, we found a burning
test for efficiency testing of biokerosene from used
frying palm oil as compared with standard kerosene
(110 mL/minute vs. 92 mL/minute). It is concluded that
standard kerosene is still better in efficiency
considering the potential of biokerosene from used
frying oil [24].

In the future, biokerosene implementation should be
on a larger scale to fulfill national needs or even
worldwide use. When we are talking about latex
production especially in Indonesia, it is estimated that
3.229.861 tons of rubber latex generated yearly [25].
Based on these data, latex biokerosene, if effectively
produced, can reach more than 1.2 billion liters or
about 7.8 million barrels annually. It is exceeding
kerosene demand in Indonesia by 2014 which is
4.620.000 barrel [1] and it can be concluded that latex
biokerosene can be used as an alternative for facing
a national energy crisis.

The produced biokerosene is still far from large scale

production due to its basic method and high cost
related to its production process. We need to
implement some strategies before such biokerosene
can be produced on a large (mass) scale. It includes
enlarging biomass resource basis, providing better
agricultural technology and biomass production, a
greater combination of biomass production and its
marketing, in addition to maximizing assessment of
sustainability criteria throughout the overall provision
chain [26].

VI. CONCLUSION

Biokerosene from latex distillation has relatively
similar characteristics as standard kerosene and
therefore has the potential to be used as an alternative
source of energy. According to scarcity of Pertamina
kerosene in Indonesia, biokerosene production can be
optimized as a newer option although in the meantime
calculation of its production cost is still high due to the
small scale production.
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