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Abstract

Biodiesel production is generally catalyzed by potassium methylate or sodium methylate catalysts based on KOH and NaOH and
these catalysts are still imported. The search for a cheap and effective catalyst continues to be carried out by researchers. One of
the catalyst support materials currently in use involves impregnating K,CO5 with various substances, resulting in a heterogeneous
catalyst. In this study, it was tried to use K,COj; dissolved in methanol to produce a homogeneous potassium methylate catalyst.
Potassium methylate-based homogeneous catalyst K,CO3-methanol is proven to have a very high function in the transesterification
reaction of Refined Bleached Deodorized Palm Oil (RBDPO) into biodiesel, this is evidenced by the use of a catalyst percentage of
2% w and 30% w methanol to the weight of RBDPO resulting in an acid content in biodiesel of only 0.12% and a total glycerol of
0.124% in reaction time 3 hours, with the purity of the methyl ester in biodiesel reaching 98.80%. Meanwhile, for the calculation of
homogeneous reaction kinetics, a reaction rate equation is produced where the order of the RBDPO transesterification reaction is

order 2 (two) and the reaction rate constant is 0.0044.
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1. INTRODUCTION

The mono-alkyl esters, most commonly the methyl esters, of
vegetable oils, animal fats or other materials consisting mainly
of triacylglycerols, often referred to as biodiesel, are an alterna-
tive to conventional petrodiesel for use in compression-ignition
engines (Knothe and Razon, 2017). The use of biodiesel as
fuel also can reduce pollutants such as COq, SOy, CO, and hy-
drocarbon gases (Rodiah et al., 2020). Generally, biodiesel is
produced from the transesterification reaction of triglycerides
with alcohol in the presence of an alkaline catalyst. The hy-
droxides NaOH, KOH and methoxide NaOCHg, KOCHg are
the most active homogeneous catalysts for biodiesel production
(Farobie and Matsumura, 2017; Thinnakorn and Tscheikuna,
2014). The market price of commercial methoxide solutions
in methanol is significantly higher than hydroxide, but it is a
superior catalyst for biodiesel production, as it contains high
concentrations of methoxide ion (CH3O™) in the absence of
water. For this reason, research and studies on transesterifica-
tion catalysts that are cheaper continue to be investigated.
Potassium Carbonate (K9COg) is a compound in the form
of a white powder that is easily soluble in water, but insoluble

in alcohol (ethanol) and is commonly used in yeast, ceramics,
explosives, fertilizers, chemical intermediaries, and as a cat-
alyst. Potassium Carbonate can be obtained {from wood and
agricultural waste when it is burned to ashes. KoCOyg is one
of the most useful compounds used in industrial applications
and can be obtained from organic or inorganic sources (Malins,
2018).

Among the various alkaline catalysts that are currently
widely studied is potassium derived from KyCOg. K4COg can
be used as a solid base catalyst in biodiesel production because
of its high activity, low cost, and reusability. Liu et al. (2011)
stated that KoCOg is one of the most effective compounds and
has sufficient basic strength to catalyze the transesterification
reaction of fatty acid glycerides with alcohols.

Several researchers have applied KoCOg as a heterogeneous
catalyst and generally, they stated that among the alkali metal
salts, K9COg has shown high transesterification activity and can
be supported by AlyOg, MgO, and activated carbon as a solid
base catalyst (Liu et al., 2011).

Turnip et al. (2017) researched on making biodiesel from
used cooking oil waste using a KoO catalyst from cocoa shell
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waste. Variation of weight percent of catalyst, namely 4, 5, and
6%, and variations of time 2, 8, and 4 hours with a molar ratio
of methanol : oil 12:1 with 500 rpm rotation. From the results
of this study it is known that the best conditions were obtained
with the amount of catalyst 6% (w/w) which was calcined at
650°C, reaction time of 180 minutes, the mole ratio of alcohol
and used cooking oil was 12:1 and the reaction temperature
was 65°C, purity and yield the biodiesel produced is 99.58%.

Taslim et al. (2018) researched on making biodiesel from
rice bran oil through a transesterification reaction using a het-
erogeneous natural zeolite catalyst modified with KgCOg. The
molar ratios of methanol to rice bran oil were varied, namely
1:8, 1:10, and 1:12. The amount of natural zeolite/ KoCOg4
catalyst varied from 2-4% w/w. The reaction temperature is
65°C and the stirring speed is 500 rpm. Reaction time 2-4
hours. From the research results it was found that natural ze-
olite modified with KoCOjg could be used as a heterogeneous
catalyst in the manufacture of biodiesel from rice bran oil and
provided a higher yield of biodiesel compared to unmodified
natural zeolite. The highest biodiesel yield of 98.18% was ob-
tained at the condition of the methanol-oil molar ratio of 10:1,
the reaction time was 8 hours, and the amount of catalyst was
4%w/w.

Production of biodiesel from solar oil using a catalyst KoCOg
which was impregnated with Talc was carried out by Salmasi
etal. (2020). The results of his research showed that the greater
the percentage of KoqCOg the alkaline nature of the catalyst is
higher which makes the greater the activation of KqO so that
the greater the yield of biodiesel produced KqCOg used up to
40% w.

Cao et al. (2022) focus on researching the manufacture
of biodiesel from used oil and see how the performance of
the catalyst with KoCOg as a catalyst support synthesized with
MgO/CNT (carbon nano tube) which has high tensile strength,
high flexibility, high activation and large active surface area
(Kowthaman, 2020). With 4%w catalyst (MgO/CNT/K4qCOyg),
a 4-hour reaction time, and a 20:1 methanol : oil ratio, the
resulting yield reached 98.25%.

Munawar et al. (2020) researched on the synthesis of biodie
sel from Refined Bleached Deodorized Palm Oil (RBDPO)
by transesterification reaction using carbon-based on durian
shells modified with KOH as a heterogeneous catalyst. Durian
shell carbonization was carried out at 600°C for 2 hours. The
resulting carbon was modified by impregnation with KOH fol-
lowed by drying and calcination. The molar ratio of methanol
to RBDPO oil was 12:1, the operating temperature was 60°C,
the stirring speed was 500 rpm, the amount of catalyst was
varied from 2-4% w/w, and the reaction time was varied from
60-150 minutes. The highest biodiesel yield of 97.29% was
obtained with a reaction time of 90 minutes and a catalyst of
3% w/w.

By dissolving a certain amount of alcohol (methanol or
ethanol), potassium metal will be extracted into the alcohol and
it is hoped that it will react further to form a methoxide salt if
methanol is used. This salt will help speed up the process of
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transesterification of vegetable oil (Sibarani et al., 2007).

Junior et al. (2019) used a KoCOg catalyst with alumina
support and the conversion of sunflower oil into biodiesel was
99.3% where the percent ratio was 35% KqCO3/65% y-AlyOsg,
reaction temperature of 80°C and 1:12 oil: ethanol molar ratio.
When they increased the % KqCOyg, the yield decreased due
to agglomeration on the active surface of the catalyst which
affected its catalytic activity.

From some of the references above researchers have used
KyCOg-based catalysts by combining several materials as cata-
lyst supports such as Junior et al. (2020) with y-AlgOg, Cao
etal. (2022) preparing KoCOg as a catalyst support synthesized
with MgO/CNT (carbon nano-tube), Turnip et al. (2017) us-
ing a KyO catalyst from cocoa shell waste and Foroutan et al.
(2021) examined the performance of a combined biochar/CaO/
K9COg catalyst. All of these researchers made heterogeneous
catalysts based on KoCOjg and the highest yield produced was
99.3% which was produced by Junior et al. (2019). Therefore,
this research focuses on using KqCOg catalyst which was dis-
solved with methanol so that it became a homogeneous catalyst
for making biodiesel. The consideration is that the biodiesel
industry all uses KOH-based homogeneous catalysts, so if the
performance of this catalyst is good and stable, then it can
be applied directly to the biodiesel industry as a potassium
methylate catalyst based on KOH-methanol but at a compet-
itive price with potassium methylate produced from KyCOg-
methanol. The most important parameters in assessing the
performance of the catalyst are the total acid and glycerol con-
tent in biodiesel. With these two parameters, the methyl ester
content in biodiesel is determined, and the kinetics of the RB-
DPO transesterification reaction are also determined.

2. EXPERIMENTAL SECTION

2.1 Materials

The raw material for the oil used is Refined Bleached Deodor-
ized Palm Oil (RBDPO), obtained from PT. Sumi Asih in
Bekasi Regency, West Java, the catalysts used are technical
K9COg and technical Methanol production from Smart Lab.
The characteristics of the RBDPO used contained dominant
fatty acid compounds, namely about 44% palmitic fatty acid
and about 43% oleic fatty acid with an acid number of 0.27%.
The solvent used is technical smartlab methanol with a concen-
tration of 70%, and the catalyst used is technical KyCOg from
Smartlab. The purity of KqCOg analyzed by titration method
was 89.977%.

2.2 KoCOg Catalyst Synthesis

The catalyst synthesis of technical KoCOg begins with the evap-
oration of water contained in KoCOjg because KoCOyg is very
hygroscopic. After that, the KoCOg catalyst was synthesized
with methanol to obtain a homogeneous KqCOj catalyst by
dissolving K9COg in methanol. Methanol to RBDPO ratio
30%w/w. Dissolving KoCOg was carried out by heating while
stirring with a magnetic stirrer until all KoCOjg dissolved and
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Description:
1. Hot Plate
2. Magnetic Stirrer

3. Three Neck Flask
4. Condenser

5. Bucket 7. Thermometer
6. WaterPump 8. Stativeand Clamp

Figure 1. Description and Equipment RBDPO Transesterifi-
cation

the K9COg homogeneous catalyst was ready to be used in the
transesterification reaction for making biodiesel.

2.3 Methods

The equipment used is a three-neck flask equipped with a
condenser to keep the reaction temperature more stable as can
be seen in Figure 1.

The RBDPO transesterification reaction process was car-
ried out by adding 2% w/w KqCOg catalyst. Where KoCOgq
was previously dissolved in methanol to obtain a homogeneous
catalyst. The catalyst is intended to break the chemical chain
of vegetable oil so that the ester chain of vegetable oil will be
released, once the ester is released, methanol will immediately
react with it and form biodiesel, while the remaining glycerin
and catalyst will precipitate after the reaction is complete. The
stages of the RBDPO transesterification reaction can be seen
in Figure 2.

2.4 RBDPO Transesterification Process with KoCOg Cata-
lyst
A set of three neck flask + attributes (thermometer, magnetic
stirrer, and condenser) was prepared. RBDPO was heated
using a hot plate at a temperature of 60-65°C for 10 minutes
and then put into the three-neck flask. Put the mixture of
methanol and KqCOg earlier into the three-neck flask which al-
ready contains RBDPO oil. The transesterification process was
carried out at 65°C with a variation of the reaction time that has
been determined with a magnetic stirrer stirring speed of 450
rpm. Put the reaction product of the mixture of methyl ester
and glycerol into the separating funnel and then wait about
30 minutes until the two mixtures are completely separated.
After 30 minutes, the glycerol was separated from the sepa-
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Figure 2. RBDPO Transesterification Flowchart with KoCOg
Catalyst

Ko:COs + CHsOH <«—» CH:OK + KHCOs;
Potassium Methanol Potassium Potassium
Carbonate Methoxide Bicarbonate

Figure 3. Formation of Potassium Methoxide Reaction
(Chanakaewsomboon et al., 2021)

rating funnel into a beaker glass. The methyl ester that was
still in the separating funnel was then washed by spraying it
with warm water at around 50°C repeatedly until the water was
clear. The washed methyl ester was put into a beaker glass and
then evaporated with a stirred hot plate at a temperature of
100-110°C for 1 hour to remove water and other impurities.
The evaporated methyl ester was then put into a beaker glass to
be weighed. The methyl ester was filtered with filter paper, and
then the methyl ester was put into a glass bottle to be tested for
characteristics such as Acid Number using the ASTM D 664
method and Total Glycerol using the ASTM D 6584 method.
If the biodiesel product has been analyzed for its Acid Number
and Total Glycerol values, then the methyl ester content can
be calculated based on Equation (1).
Methyl Ester Content (%) :

(100 x (198 — AA — (18, 29 x TG))

#ME = 198

1)

AA = Acid Number
TG = Total Glycerol
198 = Saponification number for CPO
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Figure 4. FAME Formation Reaction (Fessenden and
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Figure 5. Chromatogram XRF Analysis Composition of Oxide
Compounds in KoCOg

2.5 Kinetics of Homogeneous Reaction of KoCOg Based
Potassium Methoxide Catalyst

The transesterification reaction or methanolysis reaction is the
reaction of triglycerides (vegetable oil) with methanol to pro-
duce fatty acid methyl esters (Fatty Acids Methyl Ester, FAME)
and a by-product, namely glycerol. The transesterification re-
action process was assisted by the role of an alkaline catalyst,
namely a potassium methoxide-based KqCOg catalyst can be
seen in Figure 3. The transesterification reaction mechanism
of triglycerides with methanol can be seen in Figure 4.

In this study, the kinetics of a homogeneous reaction was
determined based on the solubility level of the KoCOg catalyst
in methanol solvent where the reactant phase (raw material)
is the same as the catalyst phase, so it is assumed that the
RBDPO transesterification reaction in a stirred reactor with a
closed system (batch) is a homogeneous phase.
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Figure 6. Effect of Reaction Times on Total Glycerol Content
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Figure 7. Effect of Reaction Times on Acid Number in
Biodiesel

3. RESULT'S AND DISCUSSION

3.1 Characteristics of KoCOg Catalyst

The KyCOg catalyst used is technical KoCOg from Smart Lab.
Before being used as a catalyst, the characteristics of KqCOg
were analyzed for its chemical composition by X-ray fluores-
cence (XRF), where it is known that X-ray fluorescence (XRF)
is a non-destructive elemental analysis method for the qual-
itative and quantitative determination of the chemical com-
position of solids and liquids. This involves determining the
element with a higher atomic weight than fluorine (Z > 9). The
results can be seen in Figure 5 and Table 1.

From Table 1, it can be seen that the composition of the
largest oxide compound is 96.474% KyO, followed by 1.806%
AgoO and 1.24% PoOj;. As is well known, the most widely used
catalyst by the biodiesel industry is potassium methylate, which
is derived from imported KOH and methanol compounds,
so it is expected that the KO reaction results from KqCOg
which is cheaper and dissolved in methanol produces potassium
methylate which will function equally well in the RBDPO
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Table 1. Composition of oxide compounds in KgCOg XRF analysis results

Element Oxides
Compound Conc. Units  Compound  Conc.  Units
Si 0.176 % SiOq 0.346 %
P 0.591 % PyO; 1.24 %
K 97,089 % KO 96,474 %
Ti 0.012 % TiOq 0.015 %
Mn 0 % MnO 0 %
Co 0.016 % CogOy 0.015 %
Rb 0.023 % RbyO 0.019 %
Aug 2 % AgyO 1,806 %
Ba 0.018 % BaO 0.016 %
Ce 0.01 % CeQOy 0.01 %
Eu 0.04 % EugOg 0.036 %
Er 0.025 % ErgOg 0.022 %
99.50 98.80 99.01 4600 N
99.00 4 .
—_ 4.590 H
-BS- 98.50 +
g 98.004 4.580 -
£ 9750 w
8 97.00 = 4.570
i) I A :
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Figure 8. Effect of Reaction Times on Methyl Ester Content in
Biodiesel

transesterification reaction to biodiesel.

3.2 Effect of Reaction Time on KqCOg Catalyst Perfor-
mance
In Figure 0, it can be seen that when the reaction time is only
1 hour, the glycerol content in biodiesel is still quite large,
namely 0.570%. At a reaction time of 120 minutes, the total
glycerol content fell to 0.264%, but this figure still exceeded
the maximum limit for biodiesel quality standards based on
ASTM D 6584, namely 0.24% (w/w). The decrease in total
glycerol content was very significant. The total glycerol content
reached 0.124% for 180 minutes of reaction and 0.102% for
240 minutes of reaction. With a closed system (batch), the
amount of 2% catalyst KoCOyg in the transesterification reaction
for up to 240 minutes is still very active as described by Junior
et al. (2019). Potassium carbonate is an inorganic compound
consisting of potassium ions (K*) and carbonate ions (CO32™).
This compound is generally in the form of a white crystalline

© 2024 The Authors.

Reaction Times (Minutes)

Figure 9. Relationship of Reaction Times with Ln ME for First
Order Equations

powder and is soluble in water. KqCOy is known to have the
basic property of being a strong base, which means it can pick
up protons from acid molecules and form new compounds.

The longer the reaction time, the total glycerol in biodiesel
products will decrease, which means that the quality of biodiesel
is getting better. Biodiesel products that meet International
Standards, namely with a total glycerol value below 0.24%w are
at reaction times of 180 minutes and 240 minutes. Meanwhile,
the reaction times of 60 minutes and 120 minutes were still
above the maximum limit set by the International Standard.

As for the value of Acid Number, all biodiesel products
produce Acid Number values below the maximum limit based
on ASTM D664 as shown in Figure 7. The maximum acid
number for biodiesel must be no more than 0.8 mg KOH/g.
High fuel acidity is linked with corrosion and deposit formation
in engines.

Using a KoCOg catalyst produces very good biodiesel qual-
ity when viewed from the high methyl ester content present in

Page 32 of 35



Salam et. al.

1.2

y = 0.0044x - 0.0513
R?=0.9632

1/cAa

0 1 1 I 1 I
60 120 180 240 300

Reaction Times (Minutes)

Figure 10. Relation of Reaction Times Witih 1/CA for Second
Order Equations

biodiesel, the longer the reaction time the greater the methyl
ester content which can be achieved up to 99.01% (Figure 8).
This shows that KyCOg plays a very active role as a catalyst for
biodiesel production. It is known that KoCOg is an alkaline
compound. Transesterification reactions with alkaline catalysts
usually use alkali metal alkoxides such as NaOH, KOH, and
NaHCOg as catalysts. This alkaline catalyst is more effective
than the acid catalyst; the conversion results are better, the time
required is shorter, and it can be carried out at room tempera-
ture. Tonetto and Marchetti (2010) tried 3 types of monolith
catalysts, namely The Ca/AlyOg, Na/AlyOg and K/AlyOg as
powder catalysts and reported a FAME (fatty acid methyl esters)
formation of 94.7, 97.1, and 98.9% respectively after 6 hours
of reaction. The present work shows that the use of monolithic
catalysts K/AlyOg in the transesterification of vegetable oils is
a viable alternative.

The metal from the base is extracted into the alcohol which
then reacts with the alcohol to form a nucleophilic alkoxide,
where the alkoxide will attack the carbonyl group present in the
raw material to produce a higher ester content. The minimum
methyl ester content based on The European biodiesel specifi-
cation, EN 14214, is specified at 96.5%. At the beginning of
the reaction, the methyl ester content may still be low because
the transesterification reaction takes time to reach equilibrium.
As time goes by, the methyl ester content will increase pro-
portionally with the increase in the conversion of reactants to
products. This means that the longer the reaction time, the
higher the level of methyl ester produced as shown in Figure 8.

3.8 Determination of Homogeneous Reaction Kinetics
3.3.1 Transesterification Process

The stoichiometry of the transesterification reaction of triglyc-
erides into biodiesel known as methyl ester using a homoge-
neous catalyst is as in Equation (2) and the reaction rate can
be shown in Equation (3).
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Cle—O—COR1 Cle—OH
Cle—O—CORZ + 3CH;0H <— 3R-C-OCHs + C|H—OH
CH»-0-COR? CH:-OH
Triglycerides + 3 Methanol <— 3 Methyl Ester +  Glycerol

A+3B < 3C+D 2)

dc, 5
— — Yl
I'=- 7 = K1C4Ch - K€Y C)) (3)

The stoichiometry of the reaction shows that the reaction
above is reversible, but in this study, the methanol solvent was
given in excess with the aim of a faster reaction rate with the
conversion of reactants into larger products. So the reaction
tends to move to the right (irreversible). So that Equation (2)
can be written as in Equation (4) (Arita, 2009).

A+3B —-3C+D “)

Levenspiel (1998) stated that if one of the reactants is added
in excess (excess) to the other reactants, the reactant can be
ignored so that the reaction rate only depends on the reactant
with the smallest mole. Then Equation (3) becomes a simple
elementary reaction equation of order 1 (one) as in Equation

).

dCy

T,=—
A 4

- K, CT 5)

Where :

I' ;=biodiesel production reaction rate
a=reaction order

k; =specific rate contant

Figure 7 previously shows that the % content of Methyl Ester
(ME) in biodiesel is the same as the pure biodiesel product
produced (as a function of reaction time). The integration
results of Equation (5) are obtained (C 4, X 4).

CA dCA t CA
- — =k dt In—= = [n(Cy0-Cy) = In(ME) = K¢
/CAU C, A A (C40-Cy) (ME)
(6)

From Equation (6) above, a graph is made between the
methyl ester product (Ln ME) versus the reaction time t (min)
which is used to prove whether the RBDPO transesterification
reaction rate is first order as shown in Figure 9.
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The resulting graph 9 turns out to form a curve, not a
straight line, so the reaction rate is not first order. Then try
with the assumption that the reaction is second order as shown
by the following Equation (7).

dc, 9 /CA dc, /i
-Ty=- =kC - =k dt
A d; A ca, Ca 0
1 1 1 1
— = bt — =kt + (7)
CA CAO CA CA()

From Equation (7), a graph of 1/CA versus reaction time
(minutes) is made as shown in Figure 10.

The results of Figure 10 shows a straight line with a Coef-
ficient of determination by R? = 0.9682 from the empirical
equation, the slope value (k) = 0.0044 with the intercept value
(1/CAO0) is (-0.0518), then the RBDPO transesterification re-
action velocity equation into biodiesel are:

ac

= KC%=0.0044C% (8)
t

-Ty=-

4. CONCLUSION

Potassium methylate-based homogeneous catalyst KoCOg-me-
thanol is proven to have a very high function in the transesteri-
fication reaction of RBDPO into biodiesel, this is evidenced by
the acid content in biodiesel is only 0.12% and total glycerol is
0.124% in 8 hours reaction time, the percentage of catalyst is
2%w and methanol is 30%w by weight RBDPO, with methyl
ester purity in biodiesel reaching 98.80%. Meanwhile, for the
calculation of homogeneous reaction kinetics, a reaction rate
equation is produced as in Equation (8), where the order of the
RBDPO transesterification reaction is order 2 (second) and
the reaction rate constant is 0.0044 (wt% min) ! and from the
equation, straight line order 2 obtained intercept is (-0.0513)
with R? = 0.9632. The results of this reaction kinetics are
by the results of the reaction order found by (Darnoko and
Cheryan, 2000).
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