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Methyl Ester Sulfonate (MES) is CPO. This Final Project aims to
determine the manufacture of MES from CPO with Na2S205 as a
sulfonation agent and understand the effect of Al203 (aluminum
oxide) catalyst concentration on the characteristics of MES
produced. The preparation of methyl esters was carried out by
two-stage esterification and transesterification reactions using
methanol as the alcohol source with H2SO4 as the acid catalyst
and NaOH as the base catalyst. Sulfonation was carried out at
temperature, ratio of methyl ester to Na2S205 1:1, Al203 catalyst
concentration of 0.5%, 0.75%, 1%, 1.25%, and 1.5% and reaction
time of 5 hours. The best results were obtained from the treatment
of 0.75% AI203 catalyst concentration with the quality of MES
produced having a yield of 88.27%, pH 7.51, acid number 4.48
mgKOH/g, density 887 kg/m3 and sulfonate absorbance value
0.155.
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1. BACKGROUND
1.1 Introduction

Crude Palm Qil (CPO) is one of Indonesia's
strategic commaodities with abundant production and
extensive utilization in both food and non-food
sectors. Besides being used as a raw material for
cooking oil, margarine, and biodiesel, CPO also has
great potential as a base material for applied chemical
products, including vegetable oil-based surfactants
(Foo et al., 2022). The high triglyceride content in
CPO makes it very suitable for conversion into
methyl esters, which can then be processed into
Methyl  Ester Sulfonate (MES)-a type of
environmentally friendly anionic surfactant (Amaliah
etal., 2021).

MES surfactants are now an attractive
alternative to synthetic surfactants such as linear
alkyl benzene sulfonate (LAS), as they offer
advantages in terms of biodegradability, low
irritancy, and stable performance in hard water.
MES also comes from renewable sources and has
the potential to replace petrochemical-based
surfactants in the long term (Kulkarni & Jaspal,
2023).

MES production from CPO consists of two
main stages, namely transesterification and
sulfonation (Amaliah et al.,, 2021). In the
transesterification stage, triglycerides in CPO are
converted into methyl esters through a reaction with
methanol. This reaction is generally catalyzed by
homogeneous bases such as NaOH or KOH, but the
use of homogeneous catalysts produces by-products
that are difficult to separate and pollute the
environment. Therefore, the use of heterogeneous
catalysts such as aluminum oxide (Al, O3z ) is a
more sustainable alternative because it is stable,
insoluble in the reaction phase, and can be reused.

1.2 Research Purposes

This study aims to investigate the synthesis of
methyl ester sulfonate from crude palm oil using
aluminum oxide catalyst, as well as to evaluate the
effectiveness of the catalyst in the transesterification
process and the quality of the MES product
produced. This approach is expected to support the
development of an efficient and environmentally
friendly biomass-based surfactant industry.

2. LITERATURE RIVIEW
2.1 Surfactan
Surfactants are active compounds that reduce
surface tension (surface active agents) and can be
produced through chemical or biochemical
synthesis. Surfactants have been used as coagulants,
wetting agents, foaming agents, emulsifiers, and
have been applied in the chemical, pharmaceutical,
cosmetic, and food industries (Jahan et al., 2020).
The presence of hydrophobic and hydrophilic
groups within a single molecule causes surfactants to

tend to be found at the interface between phases with
different degrees of polarity and hydrogen bonds,
such as oil and water (Ghosh et al., 2020). The
molecular structure of surfactants can be visualized as
tadpoles or mini tennis balls consisting of a head and
a tail (Fig. 1). The head and tail regions have different
properties due to their unbalanced molecular structure
(head-tail configuration). The head region, which is
hydrophilic (water-loving), is highly polar and
compatible with water. The tail region, which is
hydrophobic (water-repelling), is nonpolar and more
attracted to oil/fat.
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Fig. 1. Surfactant Molecular Structure

2.2 Surfactant Methyl Ester Sulfonate

MES is an anionic surfactant made from
vegetable and animal oils and functions as an active
ingredient that reduces surface tension. It is widely
used in various industries such as food, beverage,
soap, detergent, cosmetics, and petroleum (Kaur et al.,
2023). The chemical structure of methyl ester
sulfonate can be seen in Fig. 2.
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Fig. 2 Structure of methyl ester sulfonate

MES surfactants are produced through a
sulfonation process, which involves reacting methyl
ester with a sulfonating agent. The sulfonation agent
used in the sulfonation process is a reactant
containing a sulfonic group. Large industries use
SO; gas as the reactant because it is highly reactive,
produces high-yield products, generates no
byproducts, and has lower waste treatment costs.
However, its drawbacks include the high cost of the
equipment required and the need for strict safety
precautions due to the high reactivity of SO; gas
(Yusuff & Bode-Olajide, 2023).

2.3 Sulfonation Agent

A sulfonation agent is defined as a component or
material that can replace hydrogen bonds in a
compound with a sulfonate group (SOsH) (Akram et
al., 2024). Sulfonation agents are used in sulfonation
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reactions, which are chemical reactions that add acid
groups (SOzH) to molecules. MES is produced
through a sulfonation process, which involves
reacting methyl ester with a sulfonation agent. The
reagents that can be used in the sulfonation process
include sulfuric acid (H, SO, ), oleum (a solution
of SO; in H, SO, ), sulfur trioxide (SO3),
NH, SO; H, and CISO; H (Sharghi et al., 2018).

3. METHODOLOGY

The materials used in the production of methyl
ester are CPO as the raw material, methanol as the
solvent, H2SO4 as the catalyst in the esterification
process, and NaOH as the catalyst in the
transesterification process. The materials used in the
sulfonation process are methyl ester as the ester
source, sodium metabisulfite (Na; S, Os ) as the
sulfonation agent, aluminum oxide (Al, Oz ) as the
catalyst, methanol, and NaOH. The materials used
for analyzing the characteristics of CPO, methyl
ester, and MES are 96% neutral alcohol,
phenolphthalein indicator, 0.1 N NaOH, 0.1 N KOH,
hexane, and butanol.

Methyl ester is produced through two reaction
stages, namely esterification and transesterification.
In the esterification stage, crude palm oil is reacted
with methanol (ratio 6:1) and H, SO, catalyst (1%
oil mass) at a temperature of 65°C for 60 minutes
with stirring at 400 rpm, then separated from the
remaining methanol and water to reduce the free
fatty acid content. In the subsequent stage,
transesterification is carried out by adding methanol
(ratio 6:1) and NaOH catalyst (1%) under the same
conditions. The methyl ester was separated from
glycerol using a separatory funnel, then purified by
washing with hot water (70°C) until neutral, and
dried at 120°C for 1 hour to remove residual water.

MES was synthesized through a sulfonation
reaction between methyl ester and Na, S, Os with
the aid of Al, O; catalyst (0.5-1.5% w/w) at a
temperature of 90 °C for 5 hours with stirring at 450
rpm. After the reaction, the mixture is allowed to
settle for 24 hours to separate the remaining
reactants and catalyst. Purification is carried out by
adding 30% methanol (v/v) at 55°C for 1.5 hours,
then the temperature is increased to 70-80°C to
evaporate the methanol. After the methanol is
condensed, the solution is neutralized with 20%
NaOH to pH 6-8 and heated at 55°C for 30 minutes.
The final MES is stored in glass containers and
analyzed for its characteristics.

4. RESULTS AND DISCUSSION
4.1 CPO Characteristics

An analysis of the characteristics of crude palm
oil (CPO) was conducted to determine the initial
condition of the raw material before it was
converted into methyl ester. The parameters tested
included moisture content, free fatty acids (FFA),
and impurities, which affect process efficiency and

product quality. The results of the analysis are shown
in Table 1.

The CPO moisture content of 0.3% meets the
requirements for transesterification because it is
below the maximum limit of 1%. However, the high
free fatty acid (FFA) content of 3.07% exceeds the
safe limit of 2%, so a preliminary esterification
process is

Table 1. Characteristics of CPO

Parameter Value
Moisture content (%) 0.3
Free fatty acid content (%) 3.07
Impurity content (%) 0.05

required to reduce the FFA before transesterification.
High water and FFA content can trigger soap
formation, reduce the effectiveness of the base
catalyst, and complicate glycerol separation
(Chanakaewsomboon et al., 2020). Therefore, the
conversion of CPO into methyl ester is carried out
through two reaction stages: acid-catalyzed
esterification and base-catalyzed transesterification.

4.2. Methyl ester

The characteristics of methyl esters produced
from crude palm oil conversion were analyzed to
evaluate the quality of the resulting products. The
parameters tested included water content, acid value,
viscosity, and yield, which are important indicators in
assessing the success of the process and the suitability
of the product to quality standards. The complete
analysis results are presented in Table 2.

Tabel 2. Characteristics of Methyl Ester

Parameter Value SNI 7182-2015

Moisture Content (%) 0.09 0.05
Acid Value (mg KOH/g) | 0.701 Max. 0.8
Viscosity (cSt) 5.949 2.3-6

Methyl Ester Yield (%) 91.63 -

The methyl ester produced exhibits
characteristics  indicative of successful CPO
conversion, with a moisture content of 0.087%,
slightly exceeding the SNI 7182-2015 standard (max.
0.05%), likely due to incomplete drying. The acid
number of 0.701 mg KOH/g still meets the SNI limit
(max. 0.8 mg KOH/g), although the high value may
affect the performance of MES surfactants. The
methyl ester viscosity of 5.949 cSt also meets quality
standards. The methyl ester yield reached 91.6%,
indicating high conversion efficiency and supporting
previous findings that the use of a basic catalyst
enhances ester formation from free fatty acids
(Belousov et al., 2021).
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4.3 Methyl Ester Sulfonate

MES vyield is the amount of methyl ester
sulfonate produced from the reaction to the amount
of raw material used. In this study, the yield ranged
from 71.92% to 83.27%. These results are in line
with Isra's (2019) study, which reported a
sulfonation yield of 83.47%. The effect of catalyst
concentration on MES yield is shown in Fig. 3. The
graph shows the effect of Al, O; catalyst
concentration on the yield of Methyl
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Fig. 3 Effect of catalyst concentration on MES yield

Sulfonate Ester (MES). It can be seen that the
highest yield of 83.27% was achieved at a catalyst
concentration of 0.75%, while lower concentrations
(0.5%) and higher concentrations (1%, 1.25%,
1.5%) resulted in gradually decreasing Yyields,
reaching the lowest value of 71.92% at a
concentration of 1.5%. The increase in yield at a
concentration of 0.75% indicates that at this point,
the sulfonation reaction is most optimal, where the
amount of catalyst is sufficient to accelerate the
reaction without causing significant side effects.
However, at concentrations above 0.75%, the
decrease in yield is likely due to excess catalyst,
which can cause side reactions, increased viscosity,
or difficulties in product separation, thereby
reducing reaction efficiency (Chowdhury et al.,
2022).

4.4 Acidity

Acidity (pH) measurements were conducted to
determine the acidity level of the Methyl Ester
Sulfonate (MES) product produced at various
catalyst concentrations. Appropriate pH values are
very important because they affect the stability and
effectiveness of surfactants in their application
(Belhaj et al., 2020). The pH measurement results
for each catalyst concentration variation are
presented in Fig. 4.

Fig. 4 shows The pH values obtained from this
study ranged from 6.51 to 7.65. This is consistent
with the research conducted by The Chemiton
Corporation, USA, which explains that the MES

synthesis process carried out with an additional
process that can increase the MES pH value, namely
neutralization with the addition of NaOH. The effect
of adding the neutralization process can be seen in the
study conducted by Shakeel & Khan (2022), where
the pH of MES before the neutralization process was
3.95-4.93 and after the neutralization process, the pH
increased to 6.92-7.67. The pH value of MES
produced in this study is higher than the pH value of
commercial MES, which is 5.3 (Harti et al., 2016).
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Fig. 4. Effect of catalyst concentration on acidity

4.5 Acid Value

Determining the acid value is necessary to
determine the amount of KOH required to neutralize
free fatty acids in MES. This value is also related to
the sulfon content, where a higher acid number
indicates excessive sulfon formation, which can
reduce the solubility and effectiveness of MES as a
surfactant. The analysis results show that the highest
acid number of 6.45 mg KOH/g was obtained at a
catalyst concentration of 1.5%, while the lowest value
of 1.4 mg KOH/g was obtained at 0.5%. This trend
indicates that increasing Al, O3 concentration
enhances the reactivity of Na, S, Os with methyl
ester, producing more sulfonate groups (—SO3 ) that
release hydrogen atoms and impart acidic properties
to the product. This is consistent with Manggala et al.
(2020), who stated that the better the contact between
reactants, the higher the acid number formed.
Additionally, according to Nur Iman et al. (2016), the
purification process can also influence the acid
number through the formation of di-salt compounds.
The most significant increase occurred at a catalyst
concentration of 0.75%, while at higher
concentrations, the increase was more moderate. The
graph showing the effect of catalyst concentration on
MES acid number is presented in Fig. 5.
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Fig. 5. Effect of catalyst concentration on acid value
4.5 Absorbance of MES Sulfonate

The absorbance of sulfonate content was
measured using a UV-Visible spectrophotometer.
The absorbance produced by the methyl ester
sulfonation process in this final project ranged from
0.103 to 0.220. The highest value of 0.220 was
obtained at a catalyst concentration of 1%. The
graph showing the effect of catalyst concentration
on sulfonate absorbance in MES can be seen in Fig.
6.
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Fig. 6. Effect of catalyst concentration on
absorbance of MES

Increasing the concentration of Al, Oz catalyst
from 0.5% to 1% tends to increase the MES
absorbance, indicating the formation of more
sulfonate groups (Shi et al., 2025). However, when
the catalyst concentration is increased to 1.5%, the
absorbance decreases. This is likely due to increased
collisions between Na, S, Os particles and methyl
esters at high concentrations, which initially
accelerate sulfonate formation. However, excess
catalyst can lead to soap formation through side
reactions, thereby reducing the number of effective
sulfonate groups formed in the MES structure. This
indicates that catalyst concentration directly
influences the sulfonate absorbance value, which
serves as an indicator of the success of the
sulfonation reaction.

5. CONCLUSION

Based on the results of the study, it can be
concluded that the production of Methyl Ester
Sulfonate (MES) surfactant is carried out through
several stages of processing, namely esterification,
transesterification, sulfonation, purification, and
neutralization of MES. The raw material used was
Crude Palm Oil (CPO) with initial characteristics of
free fatty acid content of 3.07%, moisture content of
0.30%, and impurity content of 0.05%. The
esterification process successfully reduced the free
fatty acid content to 1.50%, while the
transesterification process produced methyl ester with
a moisture content of 0.087%, acid number of 0.701
mg KOH/g, viscosity of 5.949 cSt, and methyl ester
yield of 91.63%. The best MES product was obtained
at a catalyst concentration of 0.75% Al, O3, with
characteristics including a yield of 88.27%, pH of
7.51, acid number of 4.48 mg KOH/qg, density of 887
kg/m3, and sulfonate absorbance value of 0.155,
indicating good surfactant quality.
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