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Abstract:

Fossil fuel is a traditional energy source that is still widely used in various sectors. The industrial and
transportation sectors are the main sectors that play an important role in the use of this energy source. Along
with the increasing demand for fuel, the problem of fuel scarcity arises, because so far its needs are highly
dependent on fossil fuels which are non-renewable materials. For this reason, it is necessary to develop other
energy sources as renewable alternatives in order to reduce dependence on fuel oil. One of the renewable
energies that can be developed is liquid fuel produced from kapok seed oil. This study aims to obtain the
optimum reaction temperature and time that produces the highest % yield. Liquid fuel is made from kapok
seed oil (ceiba pentandra) each as much as 500 grams and 10% zeolite catalyst through a pyrolysis process at
temperatures of 310°C, 330°C, 350°C, 370°C and 390°C with reaction times of 100 minutes, 120 minutes
and 140 minutes in catalytic cracking reactor. To determine the quality of liquid fuel, testing for density,
viscosity, flash point, cetane number, and GC-MS analysis was carried out. Based on the highest % vyield of
13.4664% at a temperature of 370°C and a time of 140 minutes, the resulting liquid fuel production has a
density value of 835.70 kg/m3, a viscosity value of 2.70 mm2/s and a cetane number of 79.8. The results of
the GC-MS analysis showed that in liquid fuel pyrolysis of kapok seed oil, there was a gasoline fraction (C5
— C12) of 23.07%, a kerosine fraction (C13—-C14) of 6.02%, and a diesel fraction (C15 — C19). by 51.2%.
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kerosene, and diesel using a catalyst. In general, the pyrolysis

1. Introduction reaction can be described by following formula:

Indonesia’s crude oil production since the 1990s has continued
to experience a downward trend due to a lack of exploration
and investment in this sector. The decline in Indonesia's crude
oil production coupled with increasing domestic demand has

CnHmOp (biomassa) heat
CaHbOc + H20 + C (char)

> liquid CxHyOz+ ) gas

The product in the form of a liquid is the main product of the

made Indonesia an oil-importing country since 2004 until
now. Along with the increasing demand for fuel in Indonesia,
the problem of fuel scarcity arises, because so far its needs are
highly dependent on fossil fuels which are non-renewable
materials. For this reason, it is necessary to develop other
energy sources as cheap and renewable alternatives to reduce
dependence on fuel oil.

One of the renewable energies that can be developed is liquid
fuel produced from kapok seed oil (ceiba pentandra) using a
zeolite catalyst. Kapok Seed Oil is a cheap and easily
available raw material so that it can be used for biofuel
production. Zeolite catalyst is one type of catalyst that is
widely used in the cracking process. Its abundant presence
and good conversion results make zeolite catalysts widely
used and also produce carbon neutral.

The cracking process (pyrolysis) is a process in which
unsaturated long-chain compounds with large molecules will
be broken down into short-chain compounds such as gasoline,

pyrolysis process, commonlyreferred to as pyrolysis oil or bio-
oil. Bio-oil can be used in the production process of liquid
fuels or chemicals. The initial products formed from the
pyrolysis process are condensed gas and solid fuel. The
condensed gas may decompose further into non-condensable
gases such as CO, CO2, H2, and CH4, liquids, and solid fuels.

Temperature determines the rate of material decomposition,
residence time in the reactor, and pyrolysis results. The rate of
decomposition and damage to the structure of the constituent
material increases with increasing temperature of the
pyrolysis reaction. Reaction time is related to the length of
time the material holds in the reactor. If the residence time is
long enough, the pyrolysis process will be perfect for
converting raw materials into gas and liquid.

2. Materials and Method

2.1. Materials
The manufacture of liquid fuel in this study uses kapok seed
oil as much as 500 grams each and 10% zeolite catalyst from
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the raw material is inserted into the catalytic cracking reactor.

2.2. Method

This research begins with preparing the raw material, kapok
seed oil as much as 500 mL. Then make preparations on the
zeolite catalyst. The zeolite catalyst in the form of granules
crushed into powder. Then the zeolite was sieved using a 60
mesh sieve. The sifted zeolite was immersed in 1 N HCI
solution for 80 minutes while stirring. Zeolite was washed
with distilled water until the pH was neutral. Zeolite was
calcined in an oven at 300°C for 2 hours.

The pyrolysis process of 500 mL of kapok seed oil used 10%
zeolite catalyst with temperature variations of 310°C, 330°C,
350°C, 370°C and 390°C and reaction times of 100 minutes,
120 minutes, and 140 minutes. Liquid fuel product analysis
includes % yield, density, viscosity, flash point, cetane
number, and GC-MS analysis.

3. Results and Discussion
3.1. Yield Percentage
Yield percentage is the ratio of the mass of the product
produced to the mass of the raw material that is fed. The
percentage yield resulting from the cracking process can be
seen in Figure 4.1.
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Fig.1. Effect of Pyrolysis Temperature (°C) on Yield
Percentage at Various Pyrolysis Times

Figure 1 shows that the % yield of liquid fuel tends to increase
with increasing pyrolysis temperature. At the reaction
temperature of 370 oC it can be seen that kapok seed oil has
been converted into products and co-products. This is because
at high temperatures the decomposition of raw materials will
be more perfect so as to produce a higher % vyield of liquid
fuel as well. In accordance with the Arrhenius theory that the
higher the pyrolysis temperature, the greater the pyrolysis
reaction rate constant so that the yield of the resulting product
is also higher for the same reaction time. This is because the
higher the temperature, the higher the reaction for breaking
long hydrocarbon chains into shorter hydrocarbon chains.
This is because at high temperatures the carbon chain is easier
to crack than at low temperatures (Priyatna et al., 2015).

However, at 390°C there was a decrease in % yield. This can
be caused because at high or optimal temperatures the
cracking conversion produces more gas than liquid, this is in
accordance with research (Nurul Kholida, 2018) that at high

temperatures the gas produced from the cracking process is
more than the liquid product. According to Wibowo et al in
2015, temperature has an important influence on product
yields. At higher temperatures the gas yield will be more and
more, the oil yield will increase to a certain extent and then
decrease. The same thing was also stated by Wardana et al in
2016, high temperatures also had an impact on decreasing the
quantity of liquids accompanied by high gas products. This is
caused by the secondary cracking process which breaks long
chains of organic compounds and hydrocarbons into shorter
chains so that they cannot be condensed.

Another factor that affects the % yield of liquid fuel in this
study is the pyrolysis time. In this study, the yield of liquid
fuel tends to increase with increasing pyrolysis time. This is
because the longer the pyrolysis time, the more raw materials
are decomposed due to the length of heat contact time with
the raw materials (Idral et al, 2015).

This decrease in % yield occurs because at high temperatures
and too long a time will result in greater loss of weight.
Setiadi and Arifianto in 2007 stated that increasing the
pyrolysis temperature further will break the carbon bonds
stronger so that secondary cracking is possible and will
produce smaller bonds. In accordance with the research of
Maulina and Putri, that %yield increased with increasing
temperature and pyrolysis time, but decreased at a
temperature of 2500C and a pyrolysis time of 90 minutes due
to further cracking.

3.2. Density
Density or specific gravity is defined as the mass of a
material per unit volume of the material. The purpose of
determining this density is to determine the density value of
the liquidfuel product resulting from the pyrolysis process.
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Fig.2. Effect of Pyrolysis Temperature (°C) on Density at
Various Pyrolysis Times

The results of the pyrolysis process on the density quality can
be seen in Figure 2 above which shows an increase in density
at a temperature of 330°C and a decrease at a temperature of
350°C and 370°C. This increase in density is due to pyrolysis
at low temperatures, cracking occurs again. This re-crack
occurs because the gas in the reactor is condensed into the
condenser so that the oil will return to the reactor and before
returning. Re-cracking leads to solving problems and finding
more things that can accelerate the occurrence of shorter gas
bonds (Gao, 2010). The shorter bonds result in the resulting
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oil having a lower mass density and lighter fraction. Kapok
seed oil has a density value of 0.872 g/cm3, according to
research conducted by Silitonga et al in 2013 which is 0.876
g/cm3.

The decrease in density at temperatures of 350°C and 370°C
because there are no more saturated fatty acid compounds that
will decompose and also evaporation of decomposed
substances which causes the density value to decrease. The
decrease in density was influenced by heating and increasing
the pyrolysis temperature so that the cracking decomposition
of the kapok seed oil component was perfect. As in lke
Rabiatul's research in 2017, the resulting density decreases
after long burning. This is because the density value is
determined by the chemical components contained in the
liquid smoke, so the longer the pyrolysis time, the higher the
pyrolysis temperature. This implies that if the kapok seed oil
comes into contact without contact with air and the
temperature is high enough, a decomposition reaction will
occur from complex compounds in the form of saturated fatty
acids with the content of kapok seeds.

Based on the Decree of the Director General of New
Renewable Energy and Energy Conversion in 2020, the fuel
density ranges from 850 — 890 kg/m3. Overall, the density
value of the liquid fuel produced from the pyrolysis of kapok
seeds has met the criteria.

3.3. Viscosity
Viscosity is the property of a liquid (fluid) due to friction
between the molecules of the liquid with the force on the
liquid. Viscosity aims to determine the value of the viscosity
of a liquid, the greater the viscosity, the slower the flow.
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Fig.3. Effect of Pyrolysis Temperature (°C) on Viscosity at
Various Pyrolysis Times

The results of the pyrolysis process on the amount of viscosity
can be seen in Figure 3 above which shows an increase at a
temperature of 370°C and then a decrease at a temperature of
390°C. The increase in the value of the viscosity of the liquid
is influenced by the increase in heating and the length of
combustion time. Increasing the temperature in the pyrolysis
process will produce oil that has a greater viscosity value.
This is because the viscosity is also affected by the chemical
structure of the bond. The longer the chemical structure bond,
the greater the viscosity value (Endang, 2016).

The largest viscosity of the sample at a temperature of 370°C
with a time of 140 minutes is 2.70 mm2/s. Viscosity describes

a fluid's internal resistance to flow. The lower the viscosity of
a fluid, the greater the movement of the fluid. The decrease in
the value of viscosity at a temperature of 390°C is due to the
fact that there are no more saturated fatty acid compounds that
will decompose and also the evaporation of substances that
have decomposed which causes the viscosity value to
decrease.

Based on the Indonesian National Standard (SNI) 8968: 2021,
the viscosity of liquid fuels ranges from 2.0 to 4.5 mm2/s.
Almost the entire viscosity value of liquid fuel produced from
the pyrolysis of kapok seed oil is sufficient to meet the
Indonesian National Standard (SNI) 8968: 2021.

3.4. Flash Point
The flash point is closely related to the ease with which the
fuel is ignited and the speed of the combustion process. Flash
point is a phase with which a material will be able to
extinguish a fire in the form of a vapor. The lower the flash
point temperature, the easier it willbe for the material to burn.
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Fig.4. Effect of Pyrolysis Temperature (°C) on Flash Point at
Various Pyrolysis Times

From Figure 4 it can be seen that the flash point increases
with temperature. Where at a temperature of 390°C the
greatest value is obtained at the flash point, which is 56.9°C.
This is due to the contact point with the carbon chain
contained in the oil. Oil that has a complex carbon chain will
have a higher flash point value because the more complex the
carbon chain, the more difficult it will be for the oil to
evaporate. Vice versa, oil that has a simple carbon chain then
the flash point value will be lower which causes the oil to
evaporate easily. A low flame value will complicate the
storage process, because of its flammable nature. However, if
the flame has a value that is too high, it will be difficult during
the ignition process (Trisnaliani and Ahmad, 2016).

Based on the Indonesian National Standard (SNI) 8968: 2021,
the flash point of liquid fuel is at least 55°C. Overall, the flash
point value of the liquid fuel produced from the pyrolysis of
kapok seeds has met the Indonesian National Standard (SNI)
8968: 2021.

3.5. Cetane Number
The cetane number is a diesel engine fuel test number, which
describes its slow combustion properties. A high cetane
number indicates slow combustion and means there is less
diesel fuel in the combustion chamber during combustion.
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The cetane number can be obtained by comparing the acidity
of the combustion properties of diesel motor fuel in the test
motor with the combustion properties of a mixture of cetane
(n-hexadecane) which has a cetane number of 100, with a-
methylnaphthalene, which has a cetane number of 0
(Suwarsono et al. 2008).

The higher the cetane number, the higher the quality of the
fuel, because the shorter the combustion lag. This means that
the amount of fuel used is less so the engine has high
efficiency. Therefore a high cetane number provides a rapid
pressure rise and a low maximum pressure, thereby reducing
combustion noises.

The results of the Cetane Number measurement on liquid fuel
products are found to be 79,8, compared to the standard for
hydrocarbon diesel oil as a result of the Decree of the Director
General of New, Renewable Energy and Energy Conservation
in 2021 which is worth70 so that it can be concluded that liquid
fuel products meet the Standards. Indonesian National Standard
(SNI) 8968: 2021.

3.6. Results of GC-MS Analysis of Kapok Seed Oil
Raw Material

Fig.5. Kapok Seed Oil Raw Material Chromatogram

The GCMS spectrum of kapok seed oil showed that kapok
seed oil consisted of triglycerides containing several kinds of
fatty acids. Figure 4.2 shows that the highest peak was owned
by 9.12-Octadecanoic acid compound at a retention time of
11.38 minutes, and the second highest peak at a retention time
of 11.33 minutes was owned by 9.12 Octadecanoic acid which
has another name for linoleic acid. This proves that the largest
fatty acid content of kapok seed oil is Linoleic Acid. The
second most abundant composition is Palmitic Acid. This
shows that kapok seed oil contains unsaturated fatty acids
with more than one double bond (polyunsaturated fatty acids).
In addition to linoleic acid (C18:2), there are other
components of triglyceride fatty acids such as palmitic acid
(C16:0) at a retention time of 9.60-11.08 and pelargonic acid
(C9) at a retention time of 11.33-18.39. Linoleic acid is a
polyunsaturated fatty acid, while palmitic acid and oleic acid
are monounsaturated fatty acids. The content of unsaturated
fatty acids in kapok seed oil causes kapok seed oil to be stable
at room temperature. Unsaturated fatty acids contained in
kapok seed oil play a role in the conversion of vegetable oil
into liquid fuel.

It can be seen that kapok seed oil contains 90.27% fatty acids
in the form of carboxylic acids with the largest composition
being linoleic acid at 71.18%. While the composition of other
triglyceride fatty acids is 19.06% palmitic acid and 0.03%
pelargonic acid. This is in accordance with a study conducted
by Silitonga et al in 2013 where the two dominant triglyceride
fatty acid content in kapok seed oil (Ceiba pentandra) were
linoleic acid and palmitic acid.

3.7. Results of GC-MS Analysis of Liquid Fuel
Products
The results of GC-MS analysis for liquid fuel products
based on the highest % vyield area at a temperature of
370°C, pyrolysis time of 140 minutes.
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Fig.6. Liquid Fuel Products Chromatogram

In Figure 6 it can be seen that the GC-MS results identify the
pyrolysis oil where pentadecane (C15) has the first highest
peak and is followed by the second highest peak, namely
heptadekane (C17) which appears as the dominating
compound. The retention time at each peak represents the
compounds present in the liquid fuel product. From the
retention time of each peak, the percentage of area is obtained
which is the composition of hydrocarbon compounds in liquid
fuel products. This fuel product still contains compounds in
the form of (ketones, aldehydes) and carboxylic acids.

Most of the fatty acids in kapok seed oil are cracked and
turned into compounds of the alkane group, alkene, and
aromatic group compounds with the highest number of carbon
chains, namely C15 - C19, equivalent to diesel fuel. The
results of the GC-MS analysis show that the liquid fuel
fraction produced is classified into 4 groups, namely the
gasoline (C5 — C12) fraction of 23.07%, the kerosine fraction
(C13 — C14) of 6.02%, and the diesel fraction (C15 — C12).
C19) of 51.2%. The content of gasoline (C5 — C12) and
kerosine (C13 — C14) in the product is due to the ongoing
cracking reaction that changes compounds with long-chain
carbon into lighter fractions and cracked into shorter carbon
chains equivalent to gasoline during cracking. catalytic
(Bielansky et al., 2011).

4. Conclusion
The best operating conditions to produce liquid fuel with the
highest % yield is at a temperature of 370°C and a reaction
time of 140 minutes. Based on the highest % vyield of
13.4664%, the resulting liquid fuel production has a density
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value of 835.70 kg/m3, a viscosity value of 2.70 mm?/s, and a International on  Chemical and Material
cetane number of 79.8 where the three parameters are in Engineering 2012 ISBN: 978-602-097-281-7.
accordance with the Presidential Decree. Ministry of Energy 11. Yunizurwan, (2007), “Analisis Potensi dan Peluang
and Mineral Resources of the Republic of Indonesia in 2021 Ekonomi Biodiesel dari Minyak Jarak Pagar
regarding the Indonesian National Standard (SNI) 8968: (Jathopa Curcas L) sebagai Bahan Bakar Alternatif
2021.%yield of 13.4664%, the results of the GC-MS analysis 12. Vogel., (1985), “Buku Teks Analisis Anorganik
show that the gasoline fraction (C5 — C12) is 23.07%, the Kualitatif Makro dan Semimikro. Edisi Kelima
kerosene fraction (C13 — C14) is 6.02%, and the diesel Bagian I”, PT Kalma Pustaka: Jakarta

fraction (C15 — C19) of 51.2%. Based on the characteristics
and results of the GC-MS analysis obtained, the product of the
pyrolysis of kapok seed oil is a liquid fuel equivalent to diesel.
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