Konversi 13(1) (2024) 42-46

KONVERSI

Homepage:

https://ppjp.ulm.ac.id/journal/index.php/konversi

Manufacturing the activated carbon catalyst of impregnated palm core

shells for biodiesel production

Ahmad Rifki*, Mustain Zambhari, Indah Purnamasari

Study Program of Industrial Chemical Technology, Politeknik Negeri Sriwijaya, Palembang 30128, Indonesia

ARTICLE INFO

ABSTRACT

Article history:

Received: 19 September 2023
Received in revised form: 30
April 2024

Accepted: 30 April 2024

Keywords:
Biodiesel, palm kernel shells,

This research aims to produce activated carbon-based heterogeneous catalyst derived from palm kernel
shells impregnated with a KOH solution and to determine the effects of the concentration of the KOH
solution and the time period during impregnation. The variables observed included KOH concentration and
impregnation time. The impregnation process used KOH solution with the solution concentrations of 1N,
2N, 3N, 4N and 5N with impregnation process within 18 hours, 21 hours and 24 hours. AAS, FTIR and
SEM were analyzed after impregnation with different concentrations and times. The results of the analysis
of potassium metal showed the highest absorption occurred at a concentration of SN within 21 hours at
25.4570%. The application of the activated carbon catalyst from palm kernel shells was conducted in
making biodiesel. The process of making biodiesel was carried out with a reaction time of 120 minutes at a
temperature of 60°C with a molar ratio of 1: 12 using a catalyst of 2% (% w/w). Biodiesel yield testing
referred to SNI 04-7182-2015. The analysis results obtained showed 879 kg/m3 density, 6.1 cst viscosity,

carbon, catalyst, KOH

0.5 acid number, and 174°C flash point.

1. Introduction

Palm kernel shells, along with the increasingly rapid era
development, become one of the wastes commonly produced
in the palm oil processing. As revealed by the Indonesian
Ministry of Agriculture, the amount of palm kernel shell waste
reaches 60% of the kernel oil industry. They have a shape
similar to coconut shells, but harder and thicker. Most of the
palm oil productions produce waste in the form of shells. As a
by-product of the palm oil industry, palm kernel shells in fact
have several different potential uses.

Activated carbon can be produced from various natural
materials, including palm oil shells, egg shells, banana peels,
empty fruit bunches, and other natural materials that possess a
high carbon content that can be used to make carbon [1]. The
activated carbon is highly good to be used as an adsorbent in
the adsorption process for having better adsorptive capacity.

Carbon materials are also frequently used as they can be
a good support, have an inert surface that can be modified and
have large pores. Also, they are often used as catalyst supports.
Activated carbon contains a number of functional groups, such
as various chemical groups attached to the active carbon
structure, in addition to carbon atoms. Chemically reactive
carbon surfaces, for example, are functional groups that can
change the adsorption characteristics of the material [2]. The
impregnation method can be used to make catalysts containing
activated carbon. This technique is quite simple to be done as
it involves contacting porous support particles with a solution
that functions as an active site.
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In common, impregnation is interpreted as a process of
completely saturating certain substances into a material or
substrate. By immersing the support in a solution containing
active metal, in this case KOH solution, which functions as an
active site in the impregnation process, then the support pores
will be filled with the active metal solution through the metal
adsorption process. Active sites refer to the places where
chemical reactions occur in. When the catalyst is supported on
the surface of activated carbon, the active sites are evenly
distributed over a wide surface in that the activated carbon has
a high surface area due to its complex pore structure. Thus, the
chemical reaction occurred at an active site can efficiently take
place as the contact surface between the catalyst and the
reactant material becomes wider and the use of support aims to
obtain the optimum distribution of the catalyst material to make
the reaction surface area larger [3].

This experiment was also assisted by supporting tools,
such as AAS, FTIR and SEM. AAS (atomic absorption
spectroscopy) analysis purposely to determine how much
potassium concentration was absorbed into the activated carbon
after impregnation. To determine the functional groups present
in the activated carbon before and after impregnation, FTIR
(Fourier Transform Infra Red) analysis was conducted.
Meanwhile, SEM (Scanning electron microscopy) analysis
aimed to determine the pores contained in the activated carbon.

The activated carbon of palm kernel shells with a KOH
imgranan solution became a catalyst after going through the
impregnation process. A catalyst refers to a substance that can
reduce the activation energy as well as increase the rate of a
chemical reaction, but it does not change permanently in the
reaction. To test the catalyst, application of making biodiesel
was conducted. In the reaction of biodiesel production, the
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activated carbon, which has a large surface area, can be used as
a catalyst support [4].

Biodiesel is an environmentally friendly renewable
energy that has its better emissions produced. Compared to
diesel from petroleum, it also has a lower sulfur content. In
making biodiesel, transesterification was carried out with a
reaction time of 120 minutes at a temperature of 60°C with a
molar ratio of 1: 12 with a catalyst of 2% w/w. In this case,
biodiesel yield testing refers to SNI 04-7182-2015.

This research aims to determine whether active carbon
from palm kernel shells is good for use in making catalysts and
to figure out variations in concentration and time during the
impregnation process.

2. Materials and Methods

In this research panel, the manufacture of activated carbon
from palm kernel shells was carried out with a four-hour
carbonation in a muffle furnace at a temperature of 500°C.
After grinding, the carbon was crushed using an 80 mesh sieve.
The sieved activated carbon was then activated using an HCI
solution prior to be impregnated using KOH. The sieved
activated carbon was activated with 0.1 M HCI solution to
remove any impurities.

The activated carbon was impregnated with KOH with
various impregnation times, i.e. 18, 21 and 24 hours with KOH
concentrations of 1 N, 2 N, 3 N, 4 N and 5 N and at
impregnation temperature at 30°C. Subsequently, an analysis
was conducted by means of AAS, FTIR and SEM tools.

The process of making biodiesel was carried out for 120
minutes at a temperature of 60°C with a molar ratio of used
cooking oil: methanol of 12:1 on a catalyst impregnated with
KOH using 2% w/w of used cooking oil. Following this, the
mixture was centrifuged to form two phases in which the upper
phase was methanol, biodiesel and glycerol; while the lower
phase was the catalyst. The separation of the mixture was done
by decanting using a separating funnel for 12 hours.
Meanwhile, washing the methyl ester was done using distilled
water to remove any glycerol and remaining impurities. It was
continued with the analysis of acid number, kinematic viscosity
at 40°C, density at 40°C, water content and flash point of
biodiesel.

Palm kernel shells were then dried at 150°C for 3 hours in
which the result of the drying was carbonated at 500°C for 4
hours. The carbonation subsequently was refined and sifted to
obtain finer particles. Before going to be impregnated with
KOH solution to activate the catalyst, the particles were firstly
washed to remove any remaining dirts. The impregnation was
then dried in an oven to remove any remaining water. This was
repeated to ascertain that the particles were completely dry. The
particles were then analyzed to determine the quality of the
catalyst in which the analysis showed that the catalyst was a
KOH activated carbon catalyst. Afterwards, the catalyst was
refluxed to remove any remaining impurities and separated in
stage 1 to separate the biodiesel from glycerin and other
impurities. This resulting biodiesel was purified to remove any
remaining impurities. The biodiesel later on went to separation
stage 2 to separate the purer biodiesel in which the resulting
biodiesel was heated to remove any remaining water. The
resulting biodiesel was then subjected to Biodiesel Test
Analysis to determine its quality, including Viscosity, Acid
Number, Density and Flash Point.

3. Results and Discussion

In this research, catalyst was made from palm kernel
shells impregnated with KOH and tested in the biodiesel
production process. In making catalysts, activated carbon from
palm kernel shells comprised a number of stages: drying,
carbonation, activation and impregnation. Drying stage aimed
to remove the water content and reduce the volatile substances
contained in the palm kernel shell. Further, in the carbonation
process, the palm kernel shells were placed in a furnace at a
temperature of 500°C within 4 hours. Having conducted
carbonization, it went to activation process. Activation is a part
of the active carbon manufacturing process purposely to open
or create pores through which adsorbents can pass or to
increase the distribution capacity, pore size and surface area of
activated carbon with physical or chemical treatment [5].

Having conducted carbonation and activation process, the
activated carbon was again dried using an oven to remove the
water content after activation and continued with impregnation
using a KOH solution. The activated carbon with KOH
activator is able to absorb compounds better [6]. The
impregnation process aimed to fill empty pores by absorbing
potassium ions contained in the KOH solution through ion
adsorption. During impregnation, K+ ions were absorbed into
the empty pores, while OH- ions was bound to H2O. This
carbon containing KOH is a catalyst in the biodiesel making
process. The process of making biodiesel involves stirring and
heating to activate the KOH ions contained in the catalyst to
speed up the reaction to produce biodiesel.

3.1. Analysis of active carbon characteristics from palm kernel
shells

The properties of activated carbon were tested with
volatile matter content, water level and ash. In the study of
active carbon from palm kernel shells, it was especially done
with volatile analysis. The flying substance obtained was 0.4%.
The increasing carbonization temperature tended to reduce the
volatile matter content. This occurs as the decomposition of
non-carbon compounds takes place completely at high
temperatures [7]. A higher carbonization temperature will
increase the amount of water that evaporates from the
carbonization material, making the water content in the coal
getting lower. Thus, it can be concluded that the water content
in the analyzed palm shell activated carbon was 0.54pn similar
with the water content parameters based on the standard of SNI
06-3730-1996, which is mostly 15%. Testing the ash content
showed that the level was 6.67% suitable with SNI 06-3730-
1995 with the maximum of 10%.

3.2. Analysis of the effects of KOH concentration on potassium
absorption in activated carbon from palm kernel shells
impregnated with KOH

The impregnation process involved 5 different
concentrations to identify the effects of the absorbed KOH
concentration on the activated carbon. To determine the
percentage of potassium content absorbed by activated carbon,
analysis was carried out using AAS (atomic absorption
spectroscopy). Figure 1 shows the results of AAS analysis
showing the effects of absorption concentration on activated
carbon.
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Fig. 1. Graph of the relationship between potassium metal absorption and
KOH concentration over time

The figure shows that the highest metal potassium content
occurred at a concentration of 5 N. The ratio or concentration
of KOH used in activated carbon impregnation affects the
content and catalytic properties of activated carbon after
impregnation. The increase of the concentration of the KOH
solution will increase the active catalyst content in the catalyst
support (active carbon). In this study, the best absorbed
concentration of potassium metal was 5 N in comparison to
other concentrations. The best metal absorption was at a KOH
concentration of 5 N with a time of 21 hours with potassium
metal absorption of 25.4570% compared to other
concentrations. This indicated that the absorption of potassium
metal from activated carbon from palm shells produced a
higher potassium content after being impregnated with a KOH
solution.

3.3. Analysis of the effects of KOH time on potassium
absorption in activated carbon from palm kernel shells
with KOH impregnated

Soaking was done within 18 hours, 21 hours and 24 hours.
Figure 1 shows the effects of time and concentration on the
absorption of adsorbed potassium metal in which it was found
that the concentration of 5 N always increased with time.

A prolonged time will allow activated carbon to absorb
the highest amount of KOH solution, but when it reaches
saturation and equilibrium, a longer soaking time will not affect
the absorption as much as potassium metal [§]. In this study,
the best results were obtained for the absorption of potassium
metal, namely at a concentration of 5 N with a time of 21 hours,
namely 25.457.

3.4.  FTIR (fourier transform infra red) analysis

FTIR (Fourier Transform Infrared) analysis aims to
determine new groups in the activated carbon of palm kernel
shells after impregnation with KOH. Figure 2 and Figure 3
depict the results of FTIR (Fourier Transform Infrared) analysis
of activated carbon of palm kernel shells before impregnation
and after impregnation with KOH.

As seen from Figure 2 and Figure 3, there were
differences in waves. At the waves of 3200-3550 cm-1, the
carboxyl monomer group —OH was formed, similar with the
results of research conducted by Tan et al. 2019. At waves
around 1400 cm-1, this indicated carbonate compounds.

The carbonate compound formed after impregnation was
K2CO3, where potassium was bound to carbonate compound.

Potassium carbonate is the active ingredient responsible for
catalyzing transesterification. When activated carbon is
modified with KOH, acid neutralization can occur on the
carbon surface [9].
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Fig. 2. FTIR (fourier transform infrared) analysis before KOH impregnation
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Fig. 3. FTIR (fourier transform infrared) analysis after KOH impregnation

During the impregnation process, KOH compounds can
react with carbon. The reactions occurred are presented as
follows.

4KOH+C ——» K>COs3 + K0 + 2H»
KO+ C — 2K +CO
K, CO3+C ——» 2K +3 CO

Having conducted FTIR (Fourier Transform Infrared)
analysis, group changes occurred in the activated carbon after
and before impregnation.

3.5.  SEM (scanning electron microscopy) analysis

SEM (Scanning Electron Microscopy) analysis aims to
determine the morphology in the activated carbon. In the
impregnation process, activated carbon that had already had a
pore structure on its surface was soaked in a KOH (Potassium
Hydroxide) solution. During impregnation, KOH absorbed into
the pores of the activated carbon and interacted with the surface
of the activated carbon. Figure 4 and Figure 5 depict the results
of SEM analysis.

Figure 4 depicts the results of the activated carbon
analysis before impregnation. There were a number of pores
that were still large and fibrous, indicating the surface area
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available for activation and catalysis [10]. Therefore, the
absorption process will increase. This, later on, causes an
increase in the absorption capacity of potassium ions in
activated carbon. The pores of activated carbon are still large
as the activation process will dissolve impurities so that the
pores are more open. It can be concluded that the organic
material burnt or oxidized during the calcination and
carbonation processes will produce a hollow matrix on the
catalyst surface [11].

There was a difference between the results of SEM
analysis before and after impregnation. Figure 5 shows the
results of SEM analysis after impregnation.

Fig. 4. SEM (scanning electron microscopy) analysis before KOH
impregnation

Fig. 5. SEM (scanning electron microscopy) analysis after KOH impregnation
3.6. Analysis of catalyst application in biodiesel production

The application of making biodiesel aimed to determine
the performance of the palm kernel shell catalyst which has
been made with KOH impregnation. The process of making
biodiesel went through the transesterification stage. To balance
the transesterification reaction, a catalyst was used. Alkaline
catalysts are those which are highly important in industry. It
can be used to obtain corn oil methyl esters and can be
homogeneous or heterogeneous [12]. Research using activated
carbon catalysts from palm kernel shells impregnated with
KOH (Potassium Hydroxide) is interesting to research. In this
context, palm kernel shells are used as a support or carrier for
KOH, which acts as an activation agent to form an active
carbon catalyst.

Biodiesel production was carried out with 2% catalyst at
a temperature of 60°C within 2 hours, which resulted in a yield
of 90.35%. In research conducted by Susanti et al. [13], the

yield obtained was 85% with 1% catalyst at a temperature of
65°C and research conducted by Tang et al. used 1.5% catalyst
with a temperature of 60°C resulting in a yield of 96%.

These differences are determined by the amount of
catalyst, temperature and reaction time when making biodiesel.
If the amount added is too small, the reaction will be slow and
take a long time. In addition, at a high reaction temperature, the
yield of biodiesel produced will increase, but if the reaction has
reached an optimum temperature, increasing temperature will
reduce the product produced [13].

In this research, biodiesel quality was tested regarding
viscosity, density, acid number and flash point. The density
obtained by biodiesel was 879 kg/m3, still considered good in
consideration to that the density range contained in SNI is in
the range of 850 kg/m3 to 890 kg/m3. Meanwhile, the viscosity
obtained was 6.1cst, which is not included in the SNI range,
where the SNI range is in the range of 2.3 to 6.0cst. This was
due to the separation (settling) being less effective and
imperfect. In addition, impurities still present in biodiesel after
separation increased the viscosity of biodiesel. These
impurities can be glycerol and polar monoglycerides (soluble
in glycerol) compared to biodiesel [14].

Acid number refers to the main factor when making
biodiesel. The higher the acid number, the more corrosion is
caused and can damage the diesel engine [14,15]. In this study,
an acid number obtained was 0.5, included in the SNI standard.
Flash point is the lowest temperature of a substance (fuel) at
which sufficient vapor can be formed and form a flammable
mixture in air, and can ignite briefly if exposed to an external
heat source or flame. In this study, the flash point of biodiesel
was 174°C and it is still suitable with SNI in which the
minimum flash point is 100°C.

4. Conclusion

From this research, it can be concluded that the activated
carbon from palm kernel shells can be used as a catalyst as it
could meet standard of SNI 06-3730-1195 from tests for
volatile matter content, ash content and water content. The
higher KOH concentration during the impregnation process,
the higher the ability to absorb potassium metal. The best
condition for the concentration and impregnation time for the
absorbed potassium metal was found from 5 N at 21 hours with
a value obtained of 25.4570%. Meanwhile, the biodiesel
obtained was found in accordance with SNI 06-3730-1195 in
the density test, acid number and flash point.
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