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combustion catalyst.

Alternative fuels were developed by blending crude coconut oil and bio-carbon nanoparticles.
Bio-carbon, derived from sago waste via pyrolysis and ground using a ball mill, underwent
FTIR testing to assess its energy absorption capabilities. SEM analysis was conducted to
examine the surface morphology of bio-catalyst with and without crude coconut oil. The
findings indicate that incorporating bio-catalyst can enhance mechanical properties,
facilitating rapid heat absorption, as evidenced by reduced flashpoint and viscosity. In
addition, the results show an increase in fuel mass, broadening of molecular contacts,
increased reactivity, and increased heat absorption for easier ignition. This phenomenon
indicates that bio-carbon of sago waste have great potential for biofuel use as a homogeneous
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1. Introduction

Increasing fuel consumption and depleting
fossil fuel reserves have increased the need for
crude vegetable oil as an alternative fuel [1], [2].
This situation makes
producing fuel continue to increase [3], but the
negative impact is rising levels of pollution and
greenhouse gas effects [4]. Therefore, solutions
needed to provide
environmentally friendly, natural-based
alternative fuels that can be obtained using a
simple, cheap, and environmentally friendly

industrial activities in

and  policies are

process [5]. Therefore, solutions and policies are
needed to provide environmentally friendly,
natural-based alternative fuels that can be
using a simple, cheap,
environmentally friendly process. However,
crude coconut oil (CCO) is one of the natural
ingredients that has the potential to be used as an
alternative fuel [6]-[8]. Meanwhile, its saturated

obtained and

and stiff nature makes the viscosity and flash
point high so that the fuel is difficult to burn and
even worsens the performance of the fuel, which
is characterized by a decrease in the combustion
rate and a long burning lifetime [9]-[11]. On the
other hand, various studies have been conducted
to reduce the adverse effects of exhaust gas
pollutants and improve engine performance,
including exhaust modification (muffler), engine
geometry, and fuel engineering [12]-[15]. Fuel
engineering has become one of the solutions that
can be taken by adding catalysts to CCO, and
several previous studies have proven that CCO
has excellent potential to be used as an alternative
fuel when mixed with catalysts [6], [16]-[20]. In
addition, previous studies also used various types
of nanoparticle catalysts used, including:
Rhodium [21], platinum [22], aluminium oxides,
magnesium oxides [23], copper, iron, aluminium,
cobalt, boron, silver, cerium oxide [24], graphene
and graphene oxide [25], [26] have been recently
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used in biodiesel fuel blends. Unfortunately, most
do not use bio-catalysts made from natural
ingredients; they all use metal-based catalysts,
causing high production costs [27]. Therefore, this
research uses natural bio-materials as a bio-
catalyst, namely sago waste characterized and
activated with ethanol, to become nano activated
bio-carbon (NABc). The choice of NABc as a
catalyst is due to its unique structure, composed
of carbon chains, hydroxyl groups (OH), and
aromatic rings, which have great potential to
improve fuel performance [6], [28]. In addition,
using micron-sized particles in fuel can cause
aggregation and clustering in the fuel due to
[29], thus
dispersing micron-sized particles into liquid fuel
[30].  Obstacles sedimentation,
aggregation,  clustering,  flocculation, and
agglomeration can be overcome

differences in mass and volume

such as

using
nanoparticles ranging from 1 to 100 nm, easily
dispersed in liquid fuels [31].

On the other hand, NABc has a high heat
absorption capability due to the porosity of the
carbon surface, On the other hand, activated
carbon can absorb heat due to the porosity on the
carbon surface. It even has the potential to
generate a magnetic field, thereby increasing the
reactivity of bio-graphene molecules [32].
Moreover, in the presence of the OH group, it
accelerates the hydrolysis process in the CCO
triglyceride chain and increases hydrogen
production [33]. In addition, when activated
carbon is at nano size, its aromatic ring triggers it's
natural properties, namely excitation and electron
transfer [34]. In addition, the presence of hydroxyl
groups (OH) in NABc has the potential to form
water molecules that can be used as coolants in the
combustion chamber to produce environmentally
friendly combustion products by reducing levels
of exhaust emissions such as CO, NOx, sulfur
dioxide, CO2, and smoke [6]. Therefore, based on
these advantages of NABc, this research aims to
reveal the role of NABc on fuel physicochemical
properties, heat transfer characteristics, and their
effect on fuel ignition characteristics.

2. Material and Method

The initial step begins with the pyrolysis
process of sago waste dregs to produce sago waste
charcoal and is continued with a refining process
using a ball mill. Furthermore, 10 grams of carbon

© Hendry Y. Nanlohy et al.

sago waste is activated using 3 mol of absolute
ethanol for analysis with a concentration of 99.9%,
and the activation process begins with a stirring
process using a glass stirring rod for 12 hours.
After that, the separation process was carried out
using filter paper, and washed with distilled
water to obtain nanoparticles. Furthermore, NABc
of sago waste was dried under adequate sunlight
for two days; and it was dried in an oven for 3
hours at 105 °C. As an activating agent, ethanol
can produce nano cracks in the NABc structure,
thereby expanding the contact area between
molecules [35].

This analysis is confirmed from the data
properties in

Table 1, where it can be seen that with NABc,
the CCO flash point decreased from 215 °C to 198
°C so that the fuel burned quickly because the
flame temperature of the fuel was easily reached.
In addition, it can be seen that the density and
viscosity also decrease, which indicates that nano-
cracks occur in the molecular structure of the CCO
fuel with NABc. Thereby weakening the Van der
Wall bonding forces between the carbon chains,
increasing the space for movement and the contact
area, so that the fuel molecules become more
reactive and easier to ignite.

Furthermore, the effect of NABc on the
performance of CCO fuel was observed by testing
the properties of CCO with and without NABc,
shown in

Table 1. Conversely, CCO consists of various
fatty acid carbon chain compounds with different
properties, potentially impacting its performance
as a fuel. Our research has identified the fatty
acids present in CCO, as detailed in Table 2.
Meanwhile, the molecular structures of NABc (see
Figure 1) and CCO (see Figure 2) were simulated
using the free chemistry software Avogadro 1.1.1.

3. Results and Discussion

Figure 3 shows the surface description of the
interaction between NABc and the carbon chain of
crude coconut oil. NABc is composed of carbon
atoms bonded to oxygen atoms and OH hydroxyl
groups. Furthermore, it shows that there are
empty gaps in the NABc molecular structure. On
the other hand, Table 2 shows the fatty acids of
crude coconut oil is composed of carbon chains
with different lengths, geometric structures, and
mass amounts [16]. Crude coconut oil contains
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more short chains, resulting in lower mass. Weak increased attractive interactions between atoms
binding forces between molecules lead to and molecules. The arrangement of the CCO and

Table 1. The main properties of CCO with and without NABc

Properties CCO with NABc CCO without NABc
Flash Point (°C) 198 215
Caloric value (cal/gr) 9948 9825
Density at 15 °C (gr/ml ) 0.7924 0.7804
Viscosity at 40 °C (cSt) 1.517 1.541
Carbon residue (% wt) 0.13 0.30

Table 2. The main of fatty acid of CCO [6], [16]

Fatty acids Composition (%) Carbon chain structure
Caproic 0.6 CH3(CH2)4«COOH

Caprylic 8.45 CH3(CH2)sCOOH

Capric 6.1 CH3(CH2)sCOOH

Lauric 31.43 CH3(CH2)10COOH

Myristic 18.45 CH3(CHz)12COOH

Palmitic 8.4 CH3(CH2)1uCOOH

Stearic 1.65 CH3(CH2)1sCOOH

Oleic 5.7 CH3(CH2)7CH=CH(CH2)>COOH

Linoleic 14 CH3(CH2)+«CH=CH(CH2)CH(CH2)7COOH
Linolenic 0.05 CH3(CH2)(CH=CHCH?2)3(CH2)sCOOH
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Figure 2. The illustration of surface interactions between carbon chain of CCO and NABc
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Figure 3. SEM morphology of NABc with (left) and without (right) CCO

NABc carbon chains can produce new molecular
interactions and bonds, where the OH hydroxyl
group can form the H20 water molecule; and the
interaction between the O and H atoms has the
potential to create a new hydroxyl group.
Furthermore, empty gaps in the NABc carbon
chain structure can potentially become a trap for
the crude coconut oil carbon chain; and this has
the potential to happen because it is assisted by
the reactivity of the short-chain CCO fatty acid
compound, which allows attraction between
molecules to occur. These molecular interactions
potentially
physicochemical properties and mass behavior
when heated.

Table 1 shows the effect of adding bio-carbon on
the properties of CCO fuel. It can be seen that the
flash point decreases from 47 °C to 42 °C, and the
heating value increases from 9825 cal/gr to 9838
cal/gr. Moreover, it can also be seen that the
density increased from 0.7824 gr/ml to 0.7904
gr/ml, while the viscosity decreased from 1.541 ¢St
to 1.517 cSt. A decrease in flash point indicates
that the flame temperature is easily reached so
that the fuel will burn quickly. This analysis is
very reasonable because the reduction in viscosity
and increase in density shows that the CCO
droplet molecular structure increases in width so
that the contact area between molecules increases
[21]. Which is caused by the density between fuel
molecules becoming closer so that there is
potential for attractive forces to occur between
fuel molecules are intensive. This analysis is very
reasonable because it follows several previous
studies discussed in other perspectives [36].

can influence the fuel's

Meanwhile, increasing the heating value of the
fuel shows an increase in the fuel's energy content,
indicating that the flame temperature of CCO
with NABc fuel is higher than CCO without it.

Furthermore, Figure 3 show the surface
morphology characteristics of NABc with and
without CCO. Before adding CCO, it can be seen
that the NABc surface is less dense and seems to
have empty gaps or distances between one plane
and another. On the other hand, after NABc was
added to the CCO, it was seen that the void space
was significantly reduced, and the distance
between one plane and another was getting closer.
These results show that adding NABc to CCO
increased the density between fuel molecules.
This analysis is very reasonable because it clarifies
the increasing density of CCO fuel (see

Table 1).

Moreover, this phenomenon also indicates that
CCO molecules fill the empty gaps in NABc. This
surface interaction makes the CCO geometric
structure bent. These results are per previous
research, which discussed oil mobility and
physicochemical interactions due to the influence
of NABc catalysts [37].

However, through the depth observations of
the surface morphology of NABc, it shown that
the increased density indicates that the potential
for increased interactions and attractive forces
between molecules is getting bigger. This analysis
is possible because the result of the interaction
between molecules is the increasing reactivity of
the fuel molecules so that the viscosity decreases.
From
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Table 1, it is clarified that the mixture of NABc
and CCO managed to reduce the viscosity from
1,541 ¢St down to around 1,517 ¢St. The decrease
in viscosity indicates that the intermolecular
bonding forces are diminished or weakened so
that the reactivity of the fuel molecules is higher,
which causes greater electron mobility. This
analysis is possible because, based on Table 2, it
can be seen that most CCO compounds are
unsaturated, even though their chains are straight.
This is due to the fact that short-chain compounds
have a small mass, so reactivity can only be
achieved with less energy. Moreoever, from Figure
4, it can be seen that the surface area of NABc with
CCO is wider than NABc without CCO; it is even
clear that NABc with CCO has a greater density
and a larger thermal surface area in where the
reddish-orange color indicates that the electrons
are excited and attracted to the surface. This
phenomenon also confirms a polarity on the
surface charge, which triggers an attractive force
between fuel molecules, which shows that the
dark blue part at the bottom is a negative charge.
However, the reddish-orange part is a positive
charge. Moreover, this analysis makes sense
because the force (F) is inversely proportional to
the distance and directly proportional to the mass,
which shows that the closer the density between
the fuel molecules, the greater the attractive force.
This is also clarified in Table 2, which shows that
short, straight carbon chains make up the majority
of crude coconut o0il compounds. This makes the
surface area of bio-graphene larger than that of
NABc without CCO so that it widens the contact
area between fuel molecules and is easily ignited.
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However, in Figure 5 the FTIR test results
clearly demonstrate that the presence of an
aromatic ring group triggers the delocalization of
electrons, leading to attractive solid forces
between fuel molecules [38]. Furthermore, the
conjugation and delocalization of electrons
between atoms unequivocally reduce the energy
of fuel molecules, making it significantly easier to
heat, vaporize, and ignite the fuel. Moreover, the
structure of the CCO carbon chain compound (see
Table 2), which is composed and dominated by
short carbon chains with little mass (Lauric 31%,
Myristic 18.45%, caprilic 8.54%, palmitic 8.4%),
makes it polar so that it has the potential to
increase the attractive and attractive interactions
and reactivity of these molecules. This analysis is
by some of our previous studies [21], [39], [40]
which also used CCO as fuel, Morinda citrifolia
oil, as well as crude jatropha oil and crude
sunflower oil, and this analysis even clarified from
the graph of FTIR test results (see Figure 5). It can
be seen that the CCO fuel molecules with NABc
begin to absorb transmittance (T) of infrared (IR)
energy at around 104%T, whereas without NABc,
it is around 89%T. These results prove our
previous hypothesis, which states that adding
NABc to CCO effectively increases fuel molecules'
attractive interactions and reactivity. Moreover,
CCO molecules with NABc can absorb stronger IR
energy, as indicated by more profound peaks that
occur around waves 1450, 1750, 2400, and around
waves 2750 to 3000. Furthermore, it can also be
seen that there are aromatic rings around waves
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Figure 4. Thermal surface of NABc with CCO (left) and without CCO (right)
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Figure 5. The response of CCO molecules to IR heat. The blue line for CCO with NABc; and the red line for CCO
without NABc

875 to 1700, which have an enormous potential to
produce magnetic fields because of the nature of
the electrons in aromatic molecules, which are
easily delocalized [5]. These advantages allow
CCO molecules with NABc to absorb more heat
energy, allowing the fuel to be easily ignited.
These results indicate that adding a NABc to CCO
weakened the bonding forces between carbon
chains and increased the reactivity of fuel
molecules so that the fuel quickly absorbs heat
and ignites. This analysis is supported by the fuel
viscosity test (see

Table 1), which shows that with NABc, the
viscosity achieved is around 1.517 c5t. In contrast,
without NABg, it is around 1.54 cSt.

4. Conclusions

A study on the effect of NABc bio-catalyst from
sago waste on the physicochemical properties of
alternative fuels for crude coconut oil has been
completed. Therefore, several significant findings
can be concluded, including;:

a. The addition of NABc succeeded in changing

evidenced by the decrease in flash point,
viscosity, and success in increasing the density
and heating value.

. As a bio-catalyst, NABc has succeeded in

changing the shape of the carbon chains and
increasing the distance between the carbon
chains of crude coconut oil so that the contact
area between fuel molecules increases. This
increases the density between fuel molecules,
thereby increasing the attractive forces
between fuel molecules.

. The addition of NABc was successful in

making CCO fuel have an excellent ability to
absorb heat and release energy quickly, where
it is proven that the rate of mass loss occurs so
quickly, accompanied by an increase in the
ignition rate of the fuel.

. The complex and multi-component molecular

structure of NABc and crude vegetable oil
provides an exciting opportunity for further
discussion,  especially  regarding their
molecular dynamics properties, including

bond, atom, and bond angle properties and

the physicochemical properties of the fuel, their i‘m.paCt on  fuel  combustion
which positively impacted fuel performance as characteristics.
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