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ABSTRACT

Fuel derived from crude vegetable oil, such as coconut oil, holds promise as an alternative energy source to
mitigate the increasing reliance on fossil fuels driven by population growth and industrial activities. The
experiment involved suspending a single droplet of crude coconut oil mixed with activated carbon from
areca shell waste and placed at the junction on R-type thermocouple (Pt/Pt-Rh13%). The droplets were
ignited using a hot wire and subjected to atmospheric pressure and room temperature. Coconut oil comprises
a saturated triglyceride carbon chain compound of approximately 91%, and areca shell waste possesses a
porous structure that fosters favorable interactions between fuel molecules. The droplet combustion method
was selected to streamline the process and enhance the contact area between air and fuel, thereby boosting
the reactivity of fuel molecules. The research found that adding activated carbon shortens the carbon chain,
making it more reactive and easier for the fuel to ignite. Specifically, activated carbon significantly enhances
fuel performance at a concentration of two parts per million (ppm). At this level, the fuel absorbs heat more
effectively and ignites faster compared to one ppm and three ppm levels. Moreover, the results show that
heat absorption occurs slowly at one ppm, while at three ppm, the increased molecular mass of the fuel can
strengthen carbon-bonding forces. These factors contribute to a longer ignition time for the fuel. The
findings suggest that the activated carbon from areca shell waste can play a good role as a combustion
catalyst, where overall, fuel performance increases.

Copyright © 2024. Journal of Mechanical Engineering Science and Technology.
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I. Introduction

Increasing crude vegetable oil fuel is one solution to overcome the fossil fuel crisis due
to rising energy consumption [1], [2]. Crude vegetable oil processed into fuel is one of the
alternative energy sources or as a fuel that can be relied on as a solution to overcome the
fuel energy crisis [3]. Previous researchers have used various types of vegetable oil in
internal combustion engines, including coconut oil [4]-[6], castor oil [7], [8], sunflower [9],
[10], corn oil [11], [12], palm oil [13], soybean oil [14], and glycerol [15]. Although many
studies have successfully applied vegetable oil, they also state that pure vegetable oil has a
long ignition delay, which results in slower combustion [16]. Therefore, additional materials
are needed in the coconut oil combustion process to overcome this weakness, such as
activated carbon catalysts, which are expected to improve fuel performance.

Furthermore, crude coconut oil is the same as other vegetable oils because it consists of
triglyceride compounds and various fatty acids, with a saturated fatty acid content of 90%
[17], [18]. Numerous studies have demonstrated the viability of utilizing vegetable oil as an
alternative fuel source. However, there exists a significant amount of intricate scientific data
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pertaining to vegetable oil, which may be challenging to comprehend. This complexity is
attributed to the presence of multi-component compounds in crude vegetable oil, each
fulfilling distinct roles. For instance, the high oxygen content and poor stability of surface-
active chemicals present in vegetable oil can exert a notable influence during the combustion
process. Moreover, vegetable oil is different from diesel oil due to its high viscosity, so
under normal conditions, it isn't easy to burn [19]. However, by adding a catalyst in the form
of activated carbon, this can be overcome because adding an activated carbon catalyst
functions to reduce the activation energy of the reaction or by decreasing the activation
energy such as changing the course of the response or the reaction method, so that the
reaction occurs faster, in addition, activated carbon has a structure with a vast surface area
and is porous [20], [21] so that it provides a large area for chemical reactions to take place.
The reactant molecules can bind to activated carbon's surface, bringing them closer to each
other and increasing the possibility of molecular interaction. Furthermore, activated carbon
can act as a catalyst that provides a surface for the reaction, reducing the activation energy
required. Moreover, activated carbon has good chemical stability, high surface area and
thermal conductivity, attractive pore distribution, and a unique morphological structure. Its
preparation process is straightforward and can be used as an electrode for supercapacitors
[22]. Based on the advantages of active carbon catalysts, this study developed a new catalyst
using areca shell waste (biomaterial). This renewable natural resource is environmentally
friendly and readily available. Therefore, the aim is to maximize the use of areca shell waste
as a valuable commodity while incorporating the local wisdom of the Papuan people. The
study specifically investigates the combustion characteristics of CCO droplets with varying
concentrations of activated carbon made from areca shell waste.

On the other side, previous studies comparing the relationship between activated carbon
and the polarity of vegetable oil, which affects the characteristics of premixed combustion,
show that adding activated carbon can make vegetable oil fuel easy to evaporate, increasing
the burning rate [23]. They stated that volatility comes from the polarity of the oil used. The
more polar an oil is, the easier it is to evaporate, so the flame speed can increase during
combustion. In addition, this study also proved an increase in flame speed along with the
addition of activated carbon. Therefore, adding activated carbon to the coconut oil
combustion process is expected to have the same function: increasing the flame speed.
Selecting vegetable oil such as pure coconut oil without a transesterification process depends
on the material that is easy to obtain. Although there are weaknesses because it has a rigid
saturated fatty acid carbon chain content, these characteristics can affect the oil flash point
and increase viscosity [24]. Furthermore, high viscosity can hinder fuel performance by
increasing flow resistance, resulting in slower flow rates. A viable solution to this issue is to
add a catalyst in the form of activated carbon derived from the pyrolysis of areca shell waste.
This addition can enhance the performance of pure coconut oil, optimizing its use as a
sustainable and environmentally friendly alternative energy source through the utilization of
biofuels.

I1. Material and Methods

Prior to evaluating the characteristics of droplet combustion, it is crucial to ascertain the
fatty acid compounds contained in coconut oil. To facilitate this, we conducted a GCMS
analysis, with the findings presented in Table 1. Additionally, an EDX mapping test was
conducted to analyze the chemical properties of activated carbon made from areca shell
waste, and the results are displayed in Table 2. Additionally, we carried out droplet
combustion and diffusion flame tests on coconut oil, both with and without incorporating
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activated carbon bio-additives sourced from areca shell waste. The experimental setup is
illustrated in Figure 1.

Table 1. Fatty acid compounds of coconut oil [25]

Fatty acids Formula Composition (%)
Caproik C5H1202 0.6
Caprylic CsH1602 8.45
Capric C10H2002 6.1
Lauric C12H2402 31.43
Myristic C14H250, 18.45
Palmitic CisH3202 8.4
Stearic C1sH3602 1.65
Linoleic ClgHszoz 14
Linolenic CisH3002 0.05
Oleic Ci1sH3407 57

Table 2. The chemical properties of activated carbon

Element (K) Weight (%)
C 75.8

@) 19.2

Mg 0.3

Si 15

K 2.9

Ca 0.4

The setup in Figure 1 is designed to suspend the oil droplet precisely at the thermocouple
intersection. Furthermore, to measure droplet size using ImageJ, follow these steps. Start the
ImageJ program on computer — Open and select the image containing the droplets to
measure — Set the droplet scale — Click on the line tool (straight line) and draw a line
along the scale in the droplet image — Enter the known distance and units (mm) in the dialog
box — Click OK. Meanwhile, this study's raw materials consist of crude coconut oil (CCO)
and activated carbon from areca shell waste (see Figure 2).

High-speed photography was used to visually analyze the ignition process of coconut
oil droplets and their combustion characteristics. The flame video was extracted using GOM
Player, resulting in 900 images, each spaced 0.01 seconds apart. The experiment was
conducted at standard gravity and room temperature, with humidity levels ranging from 57%
to 62%. Meanwhile, the heater used is a Ni-Cr wire with a diameter of 0.9 mm and a voltage
of 12 Volts. In the process of mixing coconut oil with activated carbon catalyst, a mixture
ratio of 1 ppm to 3 ppm is used. Furthermore, a camera recorded the ignition and burnout
times, while a thermocouple connected to a laptop monitored the droplet's temperature for
reliability [26], [27].
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Fig. 2. Crude coconut oil (left) and activated carbon of areca shell waste (right)

. Result and Discussion

Figures 3 to 7 and Table 3 are a complete presentation of the results obtained from the
research conducted. The first stage in heating is the transfer of heat energy from the Ni-Cr
wire to the droplet's surface. The heat generated by the Ni-Cr wire during the heating process
until the ignition process to the initial combustion stage of the droplet causes an increase in
droplet temperature.
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Fig. 3. Flame evolution of CCO droplets with activated carbon 1 ppm
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In Figure 3, the flame development process in coconut oil is very clearly visible when
one ppm of activated carbon catalyst from the areca shell is added. The duration of the flame
in this period is 1.68 seconds, with the first flame igniting at 0.08 seconds. An exciting event
is related to the flame, flame color and height, and variations in flame width. The occurrence
of this phenomenon is based on temperature, materials used, and combustion rate. In the
initial ignition stage, the flame height reaches 13.4 mm, the flame width is 4.2 mm, and the
burning flame has a relatively bright orange color. At 1.32 seconds, the flame peaks, where
its width is 6 mm and height is 41.9 mm. At this stage, the flame produces a striking orange
color made from the combustion oxidation process with a low energy level and flame
temperature. In addition, before the flame stage shrinks again and goes out at 1.68 seconds,
the shape of the flame is slightly wavy, which is caused by a micro explosion that causes the
width of the flame to change and sometimes is not aligned at each stage, which is also
influenced by oxygen or air. Furthermore, micro-explosions in coconut oil fuel droplets
occur when there is a significant temperature difference between the volatile and non-
volatile components within the droplet. The phenomenon is primarily driven by the
difference in pressure caused by the rapid vaporization of the more volatile components,
such as water or lighter oil fractions, compared to the less volatile components. This is
because when a coconut oil droplet is exposed to high temperatures (such as during
combustion), the outer layer of the droplet heats up quickly. Coconut oil typically contains
water and lighter fractions (e.g., free fatty acids) that vaporize at lower temperatures
compared to the heavier triglycerides. After that, when the temperature rises, these volatile
components vaporize rapidly inside the droplet. This vaporization creates high pressure
within the droplet, while the less volatile components remain in liquid form and maintain a
relatively lower pressure. This causes the high-pressure vapor inside the droplet to become
trapped by the still-liquid outer layer of the droplet, leading to a significant pressure
differential between the interior and exterior of the droplet. Furthermore, when the pressure
inside the droplet exceeds the surface tension of the liquid shell, the droplet can rupture
violently. This rupture releases the vapor, causing a micro-explosion. The droplet breaks
into smaller fragments, which then evaporate and combust more rapidly.

The added activated carbon catalyst makes the molecular bonds in coconut oil more
reactive, making it easier to decompose, and the evaporation process can react faster [22].
This happens because certain carbon atoms in coconut oil are drawn to activated carbon,
filling the pores in the activated carbon.
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Fig. 4. Flame evolution of CCO droplets with activated carbon 2 ppm
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In Figure 4, the flame development process in coconut oil is illustrated by adding a two
ppm activated carbon catalyst. During this period, the flame lasts for 2.00 seconds because
activated carbon has a large pore structure and a high internal surface area. This allows fuel
or combustible vapors to be adsorbed effectively. As a result, the fuel remains on the surface
longer, which slows the burning rate and extends the duration of the flame. Additionally,
activated carbon can store some heat energy during combustion. This heat accumulation can
potentially maintain the flame longer because the heat is released gradually. Initially, the
flame ignites at 0.08 seconds and undergoes width, height, and color variations. Upon
ignition, the flame reaches a height of 7.70 mm, a width of 3.30 mm, and exhibits a relatively
bright orange color. The flame peaks at 1.72 seconds, reaching a height of 46.20 mm and a
width of 5.80 mm, still displaying a striking orange color, as shown in Figure 3.
Subsequently, the flame slightly curves before shrinking and extinguishing at 2.00 seconds.
These findings indicate that adding a two ppm activated carbon catalyst can influence the
combustion speed and visual characteristics of the coconut oil, leading to changes in shape,
height, width, and color during combustion.
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Fig. 5. Flame evolution of CCO droplets with activated carbon 3 ppm

In Figure 5, the flame development process in coconut oil is seen by adding three ppm
of activated carbon catalyst. In this period, the duration of the flame in is 1.76 seconds,
starting from the flame that ignites at 0.08 seconds, the flame varies in color, height and
width. The first stage of the flame is ignited; the flame has a width of 3.80 mm and a height
of 12.30 mm, and the flame is a relatively bright orange. The striking orange color of the
flame from the combustion of coconut oil and activated carbon of areca shell waste is the
result of a combination of the chemical composition of the fuel, the combustion temperature
is not too high, and the combustion conditions may not be perfect, the cause of imperfect
combustion is often due to a combination of lack of oxygen. It can be seen in Figures 3, 4,
and 5 that the combustion process at two ppm is more efficient. This is confirmed by the
flame, which is bright orange and reinforced with the temperature graph in Figure 11. While
the amount of activated carbon that attracts oxygen makes the flame a relatively bright
orange, the combustion process at three ppm experiences excess oxygen. The flame that
reaches its peak occurs at 1.36 seconds, where the flame width is 7.20 mm, and the height
is 41.00 mm.

Furthermore, the color of the resulting flame is the same as in Figures 3 and 4, namely
orange, which is caused by the low energy and temperature of the flame used. Before the
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flame at the stage of shrinking and extinguishing at 1.72 seconds, the shape of the flame in
Figure 5 is slightly curved but remains stable, which is caused by an unstable environment.
In the last stage of the flame evolution process, increasing the concentration of 3-ppm
activated carbon catalyst can improve the stability of the flame, making it more symmetrical
and stable in the ignition process. This is because the amount of activated carbon is used at
a concentration of 3 ppm to accelerate the decomposition reaction of triglyceride compounds
in coconut oil. In addition, the study's results stated that the longer the carbon bond in oil
(low polarity) could accelerate a reaction [28]. In coconut oil, there is a carbon bond Cis,
which causes coconut oil to evaporate quickly (high vapor flow mass); by adding activated
carbon to coconut oil so that it can evaporate more quickly, the speed of the flame increases.
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Fig. 6. The effect of activated carbon on droplet flame width

The graph in Figure 6 shows that the mixture, by adding activated carbon at
concentrations of one ppm, two ppm, and three ppm, affects the flame width. The results
obtained in the graph above are that the flame width at one ppm is 6 mm, 2 ppm is 5.80 mm,
and three ppm is 7.20 mm. Activated carbon is frequently used as a catalyst and binder in
fuel mixtures. Its addition can improve the mixture by increasing its density and accelerating
the combustion process as it expands the surface area exposed to oxygen. Furthermore, the
surface characteristics of activated carbon—such as its specific surface area and pore size
distribution—significantly affect how the fuel burns, influencing the speed and size of the
flame in various sections. The high flame width increase affects the activated carbon
mixture's concentration. The higher the activated carbon mixture, the resulting flame width
will also increase and accelerate the combustion rate reaction [29] because activated carbon
has a large surface area and a porous structure. Having a large surface area makes it easier
for oxygen to interact with carbon and trigger a combustion reaction [30]. More activated
carbon particles are available at an activated carbon concentration of three ppm. This can
cause more combustion points and reactions to coincide, thus expanding the flame width.

From Figure 7, it can be seen from the mixture that adding one ppm, two ppm, and three
ppm of activated carbon can affect the flame height. The flame height results obtained in the
graph above are at one ppm, 41.9 mm; two ppm, 46.20 mm; and three ppm, 41.00 mm high.

In general, increasing the addition of carbon causes the flame height to decrease. The
decrease in flame height with the addition of three ppm activated carbon is due to the high
concentration of the activated carbon mixture. It has an impact on the flame height becoming
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low and increasing the combustion reaction. There is an increase in the speed of the
combustion reaction so that the resulting flame time is shorter, so the flame does not have
time to get high and then extinction.
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Fig. 7. The effect of activated carbon on droplet flame height
Table 3. Compare the properties of CCO with different masses of activated carbon
Properties ASTM  1ppm 2 ppm 3 ppm
Flash Point PM cc, °C D97 251 251 244.5
Density 15 °C gr/ml D1298 0.9181 0.9281 0.9283
Kinematic Viscosity 40 °C, cSt D445 27.37 27.40 27.46
Caloric value Kcl/kg D240 9.151 8.983 8.959

Table 3 illustrates the impact of increasing activated carbon levels from 1 ppm to 3 ppm
on the combustion characteristics of coconut oil. It reveals that the flash point remains
constant at 251 between 1 ppm and 2 ppm but decreases at 3 ppm. Additionally, there is a
decrease in calorific value at each concentration, with values of 9.151 (1 ppm), 8.983 (2
ppm), and 8.959 (3 ppm); furthermore, both density and viscosity increase as the
concentration of activated carbon increases. The density values are 0.9181 (1 ppm), 0.9281
(2 ppm), and 0.9283 (3 ppm). Moreover, the viscosity values for combustion also increase
from 27.37 (1 ppm) to 27.40 (2 ppm) to 27.46 (3 ppm). The addition of activated carbon
breaks the carbon chain shorter, making it more reactive and more accessible for the fuel to
ignite quickly. At 1 and 3 ppm, it takes longer to absorb heat because, at one ppm, the heat
absorption that occurs still takes quite a long time; this is confirmed by the temperature data,
which shows that the addition of 2 ppm activated carbon is the most effective. This result is
supported by low density and viscosity in addition the temperature data also indicates that
at two ppm it reaches the highest temperature compared to the others, namely 722.10 °C. In
comparison, the addition of 3 ppm activated carbon is also effective. Still, it has a high
density and can potentially increase the molecular mass of the fuel so that the carbon
bonding force increases. This is what makes the fuel take longer to ignite. The findings
indicate that the lower flash point suggests the fuel can easily reach its combustion
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temperature, causing it to burn quickly. This conclusion is supported by the increase in
density and slightly higher viscosity, which suggests that the molecular structure of the CCO
droplets has expanded, leading to a larger contact area between molecules. This is due to the
tighter density between the fuel molecules, creating the potential for stronger attractive
forces [31]. These attractive forces occur due to the release and acceptance of electrons by
atoms or the formation of radicals. The double bonds in the activated carbon are not
concentrated, causing its position to shift, as shown in Figure 8. Adding a catalyst alters the
structure of the triglyceride molecule and weakens the van der Waals bond; moreover,
because of this phenomenon, activated carbon has a weak magnetic field, which disrupts the
stability of the bonds in the chemical structure of coconut oil.

Fig. 8. Surface interaction in activated carbon

(IR

© 9o (¥

Fig. 9. lllustration of the attractive force between activated carbon and fatty acids

As seen in Figure 9, activated carbon's magnetic field disrupts the bonds' stability in
coconut oil, stimulating electrons in fatty acids and glycerol to jump out of their orbits. With
carbon as an element that makes up the same compound, activated carbon compounds can
act like graphene, which can bind carbon atoms in triglyceride compounds; this causes
carbon atoms in coconut oil to decompose [32]. The change in some hydrogen atoms into
free radicals is because graphene bonds carbon atoms from triglycerides [33]. Additionally,
hydrogen atoms that are loosely bonded and form magnetic graphene allotropes can
influence the release of triglyceride electrons from their orbits, leading to weak triglyceride
bonds. The fragility of these bonds can aid in the breakdown of molecules such as fatty acids
and glycerol.

Following the breakdown of molecules in coconut oil, a process like oxidation between
charged molecules or atoms with oxidants takes place. This occurs due to the interaction
between oxygen from the surrounding air and the carbon elements in coconut oil. This
process happens rapidly due to the difference in charge between the oxygen in the air and
the carbon in the fuel, resulting in a robust and attractive force [34].

The diagram in Figure 10 illustrates the oxidation process of unbound coconut oil
molecules. Unbound molecules, which are not bound to other molecules, allow them to
move and interact freely. The illustration also depicts a potential difference between
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molecules and atoms, leading to electrostatic forces between adjacent molecules or atoms,
resulting in different potential energies and electron jumps. This process facilitates the
transfer of electrons between atoms or molecules, promoting interaction through strong
attractive forces. Consequently, it can enhance the burning speed of droplets. This analysis
is grounded in prior research findings [35].
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Fig. 10. The illustration depicts the process of free molecule oxidation of coconut oil
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Fig. 11. Comparison of the evolution of the flame temperature

Figure 11 depicts a temperature and flame time graph for a sample of coconut oil with
the addition of biocatalysts at concentrations ranging from 1 ppm to 3 ppm. The graph
illustrates changes in temperature over time. When 1 ppm of biocatalyst was added to the
coconut oil, it ignited at 0.08 seconds with an initial temperature of 33°C. At 2.69 seconds,
it reached the highest temperature of 713.44°C before the flame was extinguished.

Similarly, when 2 ppm of biocatalyst was added to the coconut oil, it ignited at 0.08
seconds with the same initial temperature. The highest temperature of 722.10°C was reached
at 2.37 seconds before the flame went out, and the temperature returned to normal. When 3
ppm of biocatalyst was added to the coconut oil, it also ignited at 0.08 seconds with an initial
temperature of 33°C. The highest temperature of 709.90°C was reached before the flame
was extinguished, and the temperature returned to normal. The graph indicates that the
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temperature and flame time changes have a positive impact, specifically in increasing the
speed of fuel combustion.

Figure 12 is the result of the FTIR test. Activated carbon functions as a maker of oil
molecules to be charged and facilitates their distribution with oxygen in the combustion
reaction process, this is because the number of protons in activated carbon is less than
oxygen, therefore activated carbon often releases its electrons to oxygen, because oxygen is
a strong electron acceptor, and carbon has an electronic structure that allows it to easily
release electrons. This happens because it is facilitated by a large surface area and the
presence of oxygen functional groups so that an oxidation reaction occurs which results in
the transfer of electrons from carbon to oxygen. Electrons from activated carbon are given
to oxygen which can make oxygen negatively charged and activated carbon can be positively
charged. The cathodic energy of a molecule is constant, but if the diameter of the atom
increases due to the molecules receiving heat, so that the distance between the atom nuclei
increases and the atomic catharsis decreases [36]. Thus, to break the atomic bonds the energy
used becomes lower and in the energy absorption process can be better, so that the amount
of %T infrared (IR) heat absorbed by CCO with the addition of activated carbon at a
concentration of 1 ppm is 110%T, 2 ppm 109%T, and 3 ppm 108%T. These results indicate
that the addition of activated carbon makes the molecular bonds of CCO weak causing the
molecules to react more quickly when absorbing heat energy.
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Fig. 12. FTIR graph of CCO with variations in activated carbon.
(Purple = CCO with 1 ppm; Yellow = CCO with 2 ppm; Blue = CCO with 3 ppm)

The addition of activated carbon causes the absorption of energy to increase, therefore
at a concentration of 3 ppm it experiences turbulence because it absorbs quite a lot of energy
in the form of heat compared to 1 ppm and 2 ppm which tend to be stable. Activated carbon
with a positive charge will be mixed with coconut oil so that activated carbon often attracts
electrons in the double bonds of coconut oil. In redox reactions, activated carbon can
function as a reducing agent or oxidizer. In this case, activated carbon can accept or donate
electrons, depending on the reaction conditions and the interacting molecules. This
interaction is a weak force of attraction between molecules due to fluctuations in electron
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distribution. Although these interactions are not very strong, they are quite effective in
attracting organic molecules to the surface of activated carbon.

H C#s 1 2 3 4 5 5 7 B8 9 10 11 12 13 14 15 16 17 18

i
H-G-OH HOO-C-CH,-CH,-CH,-CH,-CH,-CH -CH_-CH_-CH,_-CH_-CH,-CH,-CH,-CH,-CH,-CH_-CH,

i
H-G-OH HOO-G-CH,-GH,-CHCH,-GH,-GH,-CH,-CH=CH-CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH,

Fig.13. Hlustration of the formation of bonds between the triglyceride carbon chain and the
activated carbon chain of areca shell waste

Some carbon atoms in coconut oil are attracted by activated carbon to cover the defects
that occur in activated carbon due to the lack of carbon atoms (this analysis is illustrated in
Figure 13). Furthermore, a double bond breaking reaction or addition reaction occurs,
causing the double bond in coconut oil to break into a single bond that is positively charged.
With this condition, the oxygen around the droplet is negatively charged, causing an
attractive force, making the diffusion process more accessible and accelerating combustion.
In addition, the conjugation and delocalization of electrons between atoms reduce the energy
of fuel molecules, making them easier to heat, vaporize, and ignite. Several studies that we
have conducted before are per this analysis, namely by using CCO as fuel [37], morinda
citrifolia oil [38], as well as crude castor oil [39] and crude sunflower oil [40], and this
analysis is even clarified from the FTIR test result graph in Figure 12. With the addition of
active CCO fuel molecules at concentrations of 1 ppm and two ppm, they begin to absorb
the transmittance (T) of infrared (IR) energy of around 109% T, while at three ppm, it is
around 110% T. This result proves our previous hypothesis, which states that adding
activated carbon catalyst can reduce the reaction activation energy of fuel molecules. In
addition, CCO molecules with the addition of activated carbon catalyst can absorb IR energy
more strongly, indicated by more profound peaks around the waves of 1450, 1750, and 2400,
and the waves of 2750 to 3000. These results suggest that adding an activated carbon catalyst
to CCO will weaken the bond strength between carbon chains or the reaction activation
energy of fuel molecules so that the fuel quickly absorbs heat and burns.

IVV. Conclusions

The research on the combustion characteristics of coconut oil droplets mixed with areca
shell-activated carbon has been completed. The findings indicate that the incorporation of
areca shell-activated carbon alters the fuel's physicochemical properties, resulting in
improved performance. This improvement is evidenced by a decrease in the flash point and
calorific value, along with an increase in density.

An optimal addition of two ppm of activated carbon significantly enhances fuel
performance; at this level, the fuel absorbs heat quickly and ignites quickly. In contrast, at
one ppm and three ppm, ignition takes longer. At one ppm, the heat absorption is relatively
slow, while adding three ppm may increase the fuel's molecular mass, leading to stronger
carbon bonding and a longer ignition time. Areca shell-activated carbon acts as a biocatalyst,
modifying the carbon chain structure in coconut oil. This alteration creates attractive forces
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between fuel molecules, facilitating combustion. The presence of activated carbon shortens
the carbon chains, making them more reactive and allowing for easier ignition.

The complex molecular structure of areca shell-activated carbon and crude vegetable
oil opens avenues for future research, particularly in exploring molecular dynamics,
including bond characteristics, atomic interactions, and bond angles and their effects on fuel
properties and combustion characteristics.
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