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Waste cooking oil is often disposed of carelessly, causing environmental pollution. Waste
cooking oil still contains high levels of triglycerides, so it can be used in making
surfactants. One environmentally friendly surfactant that can be derived from waste
cooking oil is methyl ester sulfonate (MES). MES produced from the sulfonation process
still contains di-salt. Di-salt can be reduced through a purification process. This study
aimed to determine the optimum methanol concentration and purification temperature for
producing high-quality methyl ester sulfonate from waste cooking oil. This study
employed a factorial completely randomized design (CRD) with three replications. The
study used methanol concentrations of 40 %, 45 %, and 50 %, with purification
temperatures of 45 °C, 50 °C, and 55 °C. The best outcome was obtained at a methanol
concentration of 50% and a purification temperature of 55 °C, with characteristics
including density 0.8626 g/mL, viscosity 2.3739 mPa.s, acid number 1.04 mg KOH/g,
saponification number 152.87 mg KOH/g, and emulsion stability of 100%.

Contribution to Sustainable Development Goals (SDGs):
SDG 7: Affordable and Clean Energy

SDG 9: Industry, Innovation and Infrastructure

SDG 12: Responsible Consumption and Production

1. INTRODUCTION

1.1.  Research Background

Waste cooking oil contains permissible free fatty acids (0.5-5%),
but still has undesirable effects during biodiesel production [3].
High FFA content can hinder the transesterification reaction so
that FFA must be reduced by the esterification reaction.
Triglycerides undergo transesterification with methanol,

Cooking oil is a key ingredient in food processing, obtained from
animal or vegetable fats through a purification process.
Generally, cooking oil is used to fry various types of food, but its
use is only recommended for 3-4 frying sessions. If cooking oil is
used repeatedly, its quality will decrease, and its color will turn
black, which is called waste cooking oil [1]. Many people use
waste cooking oil in their daily lives. Continuous consumption of
waste cooking oil can increase the risk of heart disease and cancer
[2]. However, cooking oil waste that is no longer used is often
disposed of carelessly, which has a negative impact on the
environment, especially causing water and soil pollution
problems.

During the frying process, some triglycerides can be broken
down into other compounds, including free fatty acids (FFA).

producing methyl ester sulfonates. Therefore, used cooking oil
has the potential to be used as a raw material for surfactants. [4].

Surface Active Agents or surfactants are compounds
that can be produced through chemical or biochemical synthesis
processes. Surfactants generally originate from natural gas and
petroleum derivatives. The disadvantage of using surfactants is
that they are difficult to break down in the environment and are
not renewable, so they can pollute the environment [5]. Therefore,
it is very important to use raw materials that are cheaper,
environmentally friendly, and renewable, such as waste cooking
oil, to produce surfactants. One type of surfactant that can be
obtained from waste cooking oil is methyl ester sulfonate (MES).
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MES is a surfactant derived from vegetable oil-based raw
materials and is environmentally friendly, as it is easily
biodegradable, produces low foam, and exhibits high detergency,
even in water with high hardness levels and without phosphate
content [6]. The production of MES begins with
transesterification of triglycerides to produce methyl ester,
followed by sulfonation. MES production involves a reaction
between methyl ester and a sulfonating agent. The sulfonation
agents used in this process are reactants with sulfate or sulfite
groups such as sodium metabisulfite (Na2S20s), sodium bisulfite
(NaHSO3) or sulfur trioxide gas (SOs) [7]. In this study, the
sulfonation agent used was Na»S20s. The salt produced by
sulfonation in MES can be reduced via purification.

The purification stage aims to reduce colour-forming
impurities and improve product quality. Methanol plays a role in
reducing the di-salt produced so that MES production can be
increased with good properties. The addition of methanol and
temperature concentration are important factors in purification.
The addition of methanol significantly increases the solution's
viscosity, making the final product more liquid. Increasing the
concentration of methanol will increase the acid number because
methanol acts as a heat conductor and assists reactions that
accelerate the formation of sulfonic acid. [8] concluded that the
optimal purification conditions for producing MES surfactants of
the highest quality are a methanol concentration of 40%. The
optimal purification temperature is generally in the range of 45-
55 °C because it maintains the stability of the MES structure,
improves purification efficiency without compromising product
quality, and effectively removes di-salt. The purification
temperature is set below the boiling point of methanol (64.7 °C)
to avoid excessive methanol evaporation; if the temperature
exceeds the boiling point, methanol will turn into gas, thereby
reducing the amount of liquid methanol that can be separated [9].

Based on the above description, methanol concentration and
purification temperature are suspected to have interrelated roles
in determining the quality of Methyl Ester Sulfonate (MES).
Although the influence of each factor has been widely reported,
research on the comprehensive combination of these two factors
remains very limited and has not been reported in previous
studies. Therefore, this study has important novelty value because
it reveals the interaction between methanol concentration and
purification temperature in producing quality MES fron waste
cooking oil, so it can provide scientific and practical contributions
to the development of a more effective MES production process.

1.2.  Literature Review
1.2.1.  Waste Cooking Oil

Waste cooking oil is oil that has been used repeatedly for frying,
resulting in a decline in its physical and chemical properties.
Repeated heating at high temperatures causes the oxidation of
unsaturated fatty acids, producing peroxide compounds [10]. In
addition, the process can produce carcinogenic compounds and
reduce the oil's vitamin content [11]. Repeated use of cooking oil
leads to increased viscosity due to the formation of dimers and
polymers [12]. The deterioration of oil is accelerated by exposure
to air, high temperatures, and contact with food materials, leading
to the formation of impurities [13]. In addition, heating
accelerates the hydrolysis of triglycerides into glycerol and free
fatty acids (FFA), which leads to an increase in the acid number
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and changes in the physical and chemical properties of the oil
[14].

1.2.2.  Methyl Ester

Methy] ester is one of the primary products in the oleochemical
industry, derived from triglycerides originating from fats and oils.
It can be produced through esterification and transesterification
processes [15]. Methyl ester is a monoalkyl ester compound
obtained from long-chain fatty acids present in vegetable oils and
animal fats and is widely utilized as an alternative diesel fuel. Its
production involves reacting fatty acids with methanol via
esterification or transesterification. Methyl ester can be
synthesized using four methods, namely pyrolysis, direct use and
blending, microemulsion, and transesterification. Among these
methods, transesterification is the most commonly employed due
to its efficiency and effectiveness. This process involves the
reaction between triglycerides and methanol, yielding methyl
ester as the main product and glycerol as a by-product [16].

1.2.3.  Transesterification

Transesterification is a chemical reaction between triglycerides
and alcohol that produces alkyl esters as the main product and
glycerol as a by-product. The reaction requires a catalyst to
increase the reaction rate and aims to replace the glycerol-bound
alcohol group with a simple alcohol, typically methanol or
ethanol. Compared with esterification, transesterification is more
efficient in producing methyl ester. However, the feedstock
should contain a low free fatty acid (FFA) content (<2%) to
prevent soap formation and improve ester yield [17].

Several factors affect the transesterification process,
including reaction time, FFA and water content, alcohol-to-oil
molar ratio, alcohol type, and reaction temperature [16]. Longer
reaction times and higher alcohol concentrations generally
increase methyl ester yield. Methanol is the most commonly used
alcohol due to its high reactivity and the ease of separating
glycerol. In addition, the reaction is typically conducted at
temperatures ranging from 30—65 °C, as excessive temperatures
may cause alcohol evaporation and reduce conversion efficiency
[18].

1.2.4.  Surfactan

Surfactants are compounds that play an important role in reducing
surface tension and stabilizing emulsions. Surfactant molecules
consist of two functional groups: a hydrophilic group that
interacts with water and a hydrophobic or lipophilic group that
interacts with oils or fats [19]. In aqueous solutions, surfactants
reduce the surface tension of water, thereby enhancing cleaning
efficiency by forming emulsions between water and dirt. These
emulsions are subsequently removed during the rinsing process
[17].

Surfactants are surface-active compounds widely utilized in
various industries, including detergents, food processing,
pharmaceuticals, and cosmetics. The primary function of
surfactants is to reduce surface and interfacial tensions, thereby
enhancing wetting, emulsification, dispersion, and foaming.
Furthermore, at a certain concentration, surfactant molecules
aggregate to form micelles, thereby improving emulsion stability
and cleaning efficiency [16].
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Based on the charge of their hydrophilic groups, surfactants
are classified into anionic, cationic, nonionic, and amphoteric
surfactants. Among these categories, anionic surfactants are the
most widely used due to their excellent cleaning performance and
relatively low production costs. One of the most extensively
studied anionic surfactants is Methyl Ester Sulfonate (MES), a
vegetable oil-derived surfactant containing negatively charged
sulfonate groups [20].

1.2.5.  Methyl Ester Sulfonate

Methyl Ester Sulfonate (MES) is an anionic surfactant derived
from vegetable oils containing long-chain fatty acids (C16—-C18).
MES is considered environmentally friendly, readily
biodegradable, and relatively less expensive to produce than
petroleum-based surfactants [21]. The presence of ester and
sulfonate functional groups in MES can be identified using
Fourier Transform Infrared Spectroscopy (FTIR) through
characteristic absorption bands at specific wavenumbers [22].

The production of MES generally consists of three main
stages: sulfonation, purification, and neutralization. Sulfonation
involves reacting a methyl ester with a sulfonating agent to
introduce sulfonate groups into the organic chain, thereby
forming MES [23]. The resulting product is subsequently purified
to reduce the content of di-salt, dark coloration, and other
impurities that may affect product quality. Methanol is commonly
used during purification to decrease di-salt formation and reduce
viscosity [24].

Methanol concentration and purification temperature are
critical factors affecting MES characteristics. Increasing
methanol concentration can increase the anionic surfactant
content to an optimal level, whereas excessive methanol may
reduce product quality due to side reactions [25]. Similarly,
higher purification temperatures can accelerate the purification
process but may adversely affect product quality; therefore,
optimal operating conditions are required to obtain high-quality
MES [26].

The final stage is neutralization using NaOH solution to
adjust the product pH to a neutral range and improve the stability
of the resulting MES [19].

1.2.6. Methanol

Methanol (CHsOH) is the simplest alcohol and is widely used as
a solvent and chemical feedstock due to its high reactivity and
favorable stability compared to other short-chain alcohols [27]. In
the production of Methyl Ester Sulfonate (MES), methanol is
primarily utilized during the purification stage to reduce di-salt
formation, decrease viscosity, and enhance heat transfer
throughout the process. Furthermore, methanol facilitates the
conversion of undesired sulfonated compounds into the desired
MES product, thereby improving the quality of the resulting
surfactant [23].

1.3.  Research Objective

This study aimed to determine the optimum methanol
concentration and purification temperature for producing high-
quality methyl ester sulfonate from waste cooking oil.

https://doi.org/10.29165/ajarcde.v10i3.1135

2. MATERIALS AND METHODS
2.1. Material

The materials used in the production of MES are waste cooking
oil from a chip production, methanol for purification, KOH as a
catalyst in the transesterification process, Na2S:0s (sodium
metabisulphite) as a sulfonation agent, xylene, phenolphthalein,
NaOH 20 %, distilled water, methanol and ethanol (96%).

2.2, Research Design

This study employed a factorial completely randomized design
(CRD) with three replications. The study used methanol
concentrations of 40 %, 45 %, and 50 %, with purification
temperatures of 45 °C, 50 °C, and 55 °C. This study consists of
27 experimental units. The data were analyzed using analysis of
variance (ANOVA). If the ANOVA results indicated a significant
interaction between the two treatment factors, Duncan's New
Multiple Range Test (DNMRT) was performed at the 5%
significance level to compare the means among treatment
combinations.

2.3. Methods
2.3.1.  Raw Material Characteristics

Waste cooking oil is filtered and analyzed to determine its water
content and FFA level. The water content is measured
gravimetrically by heating the raw material at 105 °C until its
weight remains constant. Meanwhile, the FFA level is measured
by titration with a sodium hydroxide (NaOH) solution.

2.3.2.  Production of Methyl Esters from Waste Cooking
Oil

The production of methyl ester is carried out through a
transesterification process. Transesterification is performed by
reacting the esterification product with methanol. The molar ratio
of methanol to oil is 6:1, with the addition of 1 % KOH catalyst
from waste cooking oil. This process is carried out for 1 hour at a
temperature of 60 °C. The transesterification product is then
separated using a separating funnel to purify the methyl ester.
Then, the methyl ester is washed with water at a temperature of
60 °C until the wash water is neutral. The methyl ester obtained
from the transesterification reaction is analyzed to measure the
water content, acid number, and ester content.

2.2.3.  MES Surfactant Production

The production of MES surfactant consists of three main stages,
namely sulfonation, purification, and neutralization. The first
stage is sulfonation, which is carried out by reacting methyl ester
with the sulfonating agent Na>S20s. The molar ratio of methyl
ester to Na2S20s is 1:1,6. This process lasts for 4,5 hours at a
temperature of 90 °C. Next, separate the reaction mixture and
purify the MES produced by adding methanol at concentrations
of 40 %, 45 %, and 50 % (by weight of MES) and heating for 1.5
hours at temperatures of 45, 50, and 55 °C. The next step is to
neutralize the MES for 30 minutes at a temperature of 55 °C by
adding NaOH 20 % until the pH reaches 6-8. The MES is then
analyzed to determine its characteristics.
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2.3.3.  Research Design

3. RESULT AND DISCUSSION

3.1. Raw Material Characteristics

The waste oil comes from oil that has been used to fry chips
several times. The waste oil is tested to determine its initial
condition, which will serve as a reference for selecting the
appropriate method for converting it into methyl ester. The
characteristics of the raw material tested are water content and
FFA content (Table 1).

Table 1. Characteristics of Waste Cooking Oil

Analysis Results (%) + SD
Water Content (%) 0.34+0.35
FFA (%) 0.73 £0.28

Description: SD = Standard Deviation.

Table 1 shows that waste cooking oil meets the requirements
for transesterification in terms of both water content and FFA
content. According to [5], the maximum water content in raw
materials is 1 %. The presence of water will cause the hydrolysis
of oil into glycerol and free fatty acids. The water content in oil
comes from several factors, including the ingredients used for
frying, air humidity during storage, the frying process, and frying
time. Food ingredients with high water content will release water
into the oil during the frying process. The longer the frying time,
the more water transfers into the oil. Water released from food
mixes with the oil, increasing the water content of the waste oil
[28].

The water and FFA content in oil will affect soap formation
during the reaction, making glycerol difficult to separate,
increasing viscosity, and reducing catalyst efficiency. Oil with a
free fatty acid (FFA) content above 2 % must be esterified first
before the transesterification process. Transesterification of oils
with high FFA content is ineffective because soap forms from the
reaction between the base catalyst and free fatty acids, which
reduces catalyst performance and interferes with the separation of
glycerol and methyl ester. The FFA content of the waste oil
obtained was 0.73%, indicating that the conversion of oil to
methyl ester was carried out directly via a base-catalysed
transesterification process.

3.2.  Characteristics of Methyl Ester

Methyl ester is obtained from the transesterification process. The
transesterification process aims to convert triglycerides into alkyl
esters using an alcohol solvent and a base catalyst. The
characteristics of the methyl ester produced by the
transesterification process are shown in Table 2.

Table 2. Characteristics of Methyl Ester

Value
Parameter Result + SD SNI 04-
7182-2015
Water Content (%) 3.52+0.01 Max 0.05
FFA (%) 0.41£0.05 -
Density (g/cm®) 0.8605+0.0037 0.85-0.89

Description: SD = Standard Deviation.
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The water content of the methyl ester produced in this study
is still quite high at 3.52 %. This value does not meet the
quality requirements based on SNI 04-7182-2015 regarding
methyl ester, which is a maximum of 0.05 %. This relatively
high water content is due to the fact that the methyl ester
drying process has not been carried out optimally, resulting in
residual water in the methyl ester. The FFA content of methyl
ester is lower than that of waste cooking oil. This shows that
the transesterification process can reduce the FFA content.
The FFA density obtained meets the requirements of SNI 04-
7182-2015. This means that the methyl ester obtained from
transesterification has been separated from glycerol because
the presence of glycerol in methyl ester affects the density
since glycerol has a fairly high density (1.26 g/cm?). If the
glycerol is not properly separated from the methyl ester. the
density value will increase [29].

3.3. MES Analysis
3.3.1. Density MES

Density or mass per unit volume indicates the ratio of mass per
unit volume. The higher the density of an object, the greater the
mass per unit volume. The tool used to test density is a
pycnometer. The results of MES density testing in [30] study
showed that the density of MES from coconut oil was 0.970 g/mL
to 0.986 g/mL. However, in [5] study, the density of palm oil was
lower, ranging from 0.873 g/mL to 0.886 g/mL. In [31] study,
the density test results for waste cooking oil MES were 0.895
g/mL, while commercial MES was lower at 0.75 g/mL. The
difference in density values is influenced by the MES
manufacturing process, particularly the use of methanol and the
addition of NaOH, which result in a higher product mass density.
Based on the results of the variance analysis (ANOVA), methanol
concentration and purification temperature do not differ
significantly at the 5% level for MES density, and there is no
interaction between the two factors (Table 3).

Table 3. Density of MES

Methanol Concentration Density (g/mL) £ SD
Al (40 %) 0.8644 +£0.0012

A2 (45 %) 0.8637 £0.0014

A3 (50 %) 0.8625+0.0019
Purification Temperature  Density (g/mL) £ SD
B1 (45 °C) 0.8638 +0.0017

B2 (50 °C) 0.8641 +0.0017

B3 (55 °C) 0.8627 +£0.0016

CV =0.45%

Description: CV =Coefficient of Variation; SD = Standard Deviation.

The highest density value was found in the treatment with
40% methanol addition (0.8644 g/mL) and the lowest was found
in the treatment with 50% methanol addition (0.8625 g/mL). The
density value decreased with the addition of methanol. This was
because the more methanol was added, the lower the mixture's
average density. High methanol residue will reduce density. This
is consistent with the research by [32], which shows that the
density decreases with the addition of methanol. The decrease in
density is due to methanol having a lower density than methyl
ester sulfonate; therefore, as the methanol concentration

https://doi.org/10.29165/ajarcde.v10i3.1135
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increases, the fraction of the mixture with low density increases.
As aresult, the density will decrease upon the addition of excess
methanol [33].

The effect of temperature on density showed both increases
and decreases. According to [34], this condition occurs because
temperature changes do not affect the density. In the study by
[35], the density at 50 °C was 0.945 g/mL, and at 55 °C it
decreased to 0.886 g/mL. High purification temperatures will
remove impurities such as salt, di-salt, or reactant residues that
are more dense. The reduction in these heavy components will
lower the density of MES.

3.3.2.  Viscosity MES

Viscosity is a measure of thickness in MES, which is measured
using a Brookfield viscometer. In the study by [22], the viscosity
value obtained was 2.1329 mPa.s. However, in the study by [36],
the viscosity value obtained was lower, namely 0.92 mPa.s-1.13
mPa.s. The viscosity value is related to the density value. The
viscosity value tends to increase with increasing density, because
high density indicates a denser arrangement of surfactant
molecules, so that friction between molecules increases and
viscosity increases [37]. Based on the results of variance analysis
(ANOVA), it is known that the methanol concentration differs
significantly at a level of 5%, but the purification temperature
does not significantly affect the viscosity of MES, and there is no
interaction between the two factors (Table 4).

Table 4. Viscosity of MES

Methanol Concentration Viscosity (mPa.s) + SD
Al (40 %) 2.3794 + 0.0042°

A2 (45 %) 2.3762 + 0.0049%

A3 (50 %) 2.3729 +0.0030?
Purification Temperature Viscosity (mPa.s) £ SD
B1 (45 °C) 2.3763 £ 0.0052

B2 (50 °C) 2.3772 +0.0043

B3 (55 °C) 2.3750 + 0.0049
CV=0.25%

Description: CV =Coefficient of Variation; SD = Standard Deviation.
Numbers followed by the same lowercase letter are not significantly
different at the 5% DNMRT level.

The highest viscosity value was found in the treatment with
40 % methanol addition (2.3794 mPa.s), and the lowest was found
in the treatment with 50% methanol addition (2.3729 mPa.s). The
addition of methanol will decrease the viscosity because it dilutes
the MES solution. This is in accordance with the statement [37],
The decrease in solution viscosity occurs due to the addition of
alcohol, which causes the reaction phase to become diluted,
because the sulfonation reaction is exothermic, so the addition of
methanol helps absorb and accelerate heat release and the reaction
can proceed more optimally. The viscosity of the product will
decrease at too high a temperature because heating a liquid causes
its molecules to absorb heat energy. This energy makes the
molecules move faster. As a result, the attractive force between
molecules becomes weaker [36].

3.3.3.  Acid Number

The acid number is used to determine the amount of base (KOH)
required in the MES neutralization process. The acid number is
determined by the amount of KOH required in the neutralization
process. The greater the KOH requirement to neutralize free fatty

https://doi.org/10.29165/ajarcde.v10i3.1135

acids, the higher the acid number, indicating that the free fatty
acid content in MES is higher [38]. The acid number values for
MES obtained in the study by [23] ranged from 0.39 mg KOH/g
to 3.71 KOH/g. Another study using Na2S20s reported higher
MES acid numbers, ranging from 5.5 mg KOH/g to 12 mg KOH/g
of the sample [5]. Meanwhile, the acid number in commercial
surfactants was 8.42 mg KOH/g [39]. Based on the results of
variance analysis (ANOVA), the concentration of methanol and
the purification temperature differ significantly at the 5% level
with respect to the MES acid number, and there is an interaction
between the two factors (Table 5).

The acid number in MES ranges from 1.04 to 5.11 mg
KOH/g. The highest acid number value is found in treatment
Al1B2 (5.11 mg KOH/g) and the lowest value is found in
treatment A3B3 (1.04 mg KOH/g). High acid numbers are
generally caused by the presence of residual sulfonation reactants
and the presence of acidic NaxS;05. The temperature and
concentration of methanol in the purification stage play an
important role in determining the success of the process.
Increasing the purification temperature makes it easier for
methanol to dissolve impurities, such as di-salts and acidic

components.
Table 5. Acid Number of MES
Acid Number (mg KOH/g) + SD
Treatment Purification Temperature
Methanol B1(45°C) B2(50°C) B3(55°C)
Concentration
Al (40 %) 3.44+0.17% 5.11+0.24% 2.11 +0.16%*
A2 (45 %) 4.67+0.07% 2.27+0.038° 1.25 +0.065
A3 (50%) 1.24 +£0.18%¢ 1.07 £0.47%° 1.04 £ 0.094¢
CV=5%

Description: CV =Coefficient of Variation; SD = Standard Deviation.
Numbers followed by the same capital and lowercase letters are not
significantly different at the 5% DNMRT level (capital letters are read
vertically while lowercase letters are read horizontally).

The addition of methanol also helps dissolve acidic Na2S.05
salts, allowing them to separate from the MES phase. This is in
accordance with the statement by [24], that methanol in
purification plays a role in reducing the formation of di-salt.
Methanol is reactive and can prevent changes to the methyl group
in the MES structure, allowing MES to dissolve acidic
compounds, thereby reducing the acid content in MES and
lowering the acid number. Therefore, the optimum methanol
concentration and temperature are required for this process to run
effectively. Purification temperatures that are too high (>60°C)
will cause the reaction to proceed too quickly, resulting in MES
degradation. This degradation produces insoluble salts and leaves
acid groups in the MES, thereby increasing the acid number [40].

3.3.4.  Saponification Number

The saponification number indicates the amount of KOH required
to saponify each gram of oil/fat [39]. High levels of free fatty
acids increase the saponification number, thereby increasing the
alkali requirement [41]. In the study by [42], the saponification
value of MES from nyamplung seed oil was found to be 99.32 mg
KOH/g. Based on the results of variance analysis (ANOVA), the
methanol concentration and purification temperature differ
significantly at the 5% level in terms of MES saponification
value, and there is an interaction between the two factors (Table
6).
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Table 6. Saponification Number of MES

Saponification Number (mg KOH/g) + SD
Treatment Purification Temperature
Methanol B1(45°C) B2(50°C) B3(55°C)
Concentration
Al (40 %) 133.71 £ 4.934° 127.16 £2.144 118.75+£2.9242
A2 (45 %) 141.65 + 4.215° 133.71 +£2.9282 135.58+2.9284
A3 (50%) 145.39 £ 3.53 136.98 + 3.53% 151.9442.92¢
CV=2.52%

Description: CV =Coefficient of Variation; SD = Standard Deviation.
Numbers followed by the same capital and lowercase letters are not
significantly different at the 5% DNMRT level (capital letters are read
vertically while lowercase letters are read horizontally).

The saponification value in MES ranges from 118.75 mg
KOH/g to 152.87 mg KOH/g. The highest saponification value
was observed in treatment A3B3 (152.87 mg KOH/g), and the
lowest in treatment A1B3 (118.75 mg KOH/g). An increase in
methanol concentration can increase the saponification number,
because high methanol concentrations accelerate the reaction
between Na-bisulfite and methyl ester, resulting in more optimal
sulfonate group formation [43]. At a methanol concentration of
40%, an increase in purification temperature decreased the
saponification number. High temperatures with low solvents
cause degradation or side reactions, thereby reducing the number
of ester groups that can be saponified. Conversely, at
concentrations of 45 % and 50 %, the saponification number
decreases at 50 °C and increases at 55 °C. This is because
increased temperatures can trigger side reactions, such as partial
hydrolysis of ester groups and changes in the MES molecular
structure, which produce compounds that are more readily
saponified, thereby increasing the saponification number again.

According to [26], an increase in methanol concentration can
reduce di-salt formation because methanol acts as a solvent,
preventing salt precipitation. However, if the temperature and
concentration of methanol used are higher, the formation of
water-insoluble salts becomes more dominant, causing some
MES to become less stable. This can be seen in the saponification
number results, where at low temperatures the value decreases
because the purification process is effective, while at high
temperatures compounds that react easily with KOH are
reformed, causing the saponification number to increase.

3.3.5.  Emulsion Stability

Emulsion stability is one of the most important properties of
surfactants. An emulsion is a system formed from two liquids that
cannot be completely mixed, requiring a stabilizer in the form of
an emulsifier. The ability of surfactants to maintain emulsion
stability is a key indicator of their effectiveness as emulsifying
agents [44]. In [40] study, the MES emulsion stability results from
coconut oil ranged from 57.464-100 %. Based on the results of
variance analysis (ANOVA), It is known that methanol
concentration and purification temperature do not differ
significantly at a level of 5% in terms of MES emulsion stability,
and there is no interaction between the two factors. The emulsion
stability value can be seen in Table 7.
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Table 7. Emulsion Stability

Methanol Concentration Emulsion Stability (%) + SD
Al (40 %) 100 + 0.00

A2 (45 %) 96.30 £ 5.56

A3 (50 %) 100 + 0.00

Purification Temperature = Emulsion Stability (%) £ SD
B1 (45 °C) 100 +0.00

B2 (50 °C) 96.30 £ 5.56

B3 (55 °C) 100 £ 0.00

CV =0.000018%

Description: CV =Coefficient of Variation; SD = Standard Deviation.

It was found that there was no phase separation between water
and xylene after the addition of MES, indicating that the formed
emulsion was stable. A stable emulsion forms because MES
molecules can be present between the water and oil phases,
thereby reducing interfacial tension and preventing the two
phases from separating again. MES acts as a link between water
and oil, allowing the emulsion to remain stable. This is in line
with research by [45], which generally finds that emulsions can
be stable due to the presence of emulsifying agents at the
interface.

MES surfactants can play an important role in maintaining
emulsion stability and reducing surface tension. However, when
treated with a 45 % methanol concentration and a temperature of
50 °C, the emulsion stability value decreased (96.30 %),
indicating instability. This decrease in emulsion stability occurs
because, under these conditions, the number and arrangement of
MES molecules are not optimal for coating the oil-water
interface. Methanol concentrations in the middle of the treatment
range can affect the balance of the hydrophilic and lipophilic
properties of MES, so that some surfactant molecules do not work
effectively as emulsion stabilizers. In addition, increasing the
temperature to 50 °C can accelerate molecular movement and
cause emulsion droplets to coalesce more easily, thereby reducing
emulsion stability [46].

3.3.6. FTIR

The identification of functional groups in MES was carried out
using FTIR via infrared spectra (Figure 1). Measurements were
taken in the wave number range between 400 and 4000 cm ™ using
an FTIR spectrometer [3]. The presence of SOs sulfonate groups
in the sample was indicated by absorption peaks in the 1235-1070
cm™' region, signifying the success of the sulfonation reaction
[22].
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Fig. 1. FTIR Analysis
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Based on the FTIR analysis results, the MES spectrum shows
absorption peaks at wavenumbers of 2923.42 cm-1 and 2856.20
cm-1, indicating aliphatic C-H stretching of the fatty acid
hydrocarbon chain. This is consistent with research by [21],
which reports that the C-H group is observed at an absorption
wavenumber of 2800-3300 cm™.. In addition, in the study by [47],
the absorption peaks of aliphatic C-H groups appear at wave
numbers of 2861 cm™! and 2929 ¢cm™'. The strong absorption peak
at 1741.27 cm™ corresponds to C=O stretching, indicating the
presence of carbonyl compounds, namely esters. The detected
ester group originated from methyl ester [21]. The ester
characteristic appeared in the absorption region at a wavelength
of 1101.27 cm-1, indicating the C-O group.

The O-H group exhibits a peak at 3248-3600 cm-1, which
broadens to indicate the presence of methanol residues or water
absorption, signifying a change in the surface properties of MES
from hydrophobic to hydrophilic [48]. FTIR testing results show
the presence of sulfonate groups in the product, indicating the
formation of MES surfactants. Sulfonate groups occur at a
wavelength of 1172.87 cm! and, which is the strain vibration
absorption region of sulfonate groups (S=0) and S-O at 689.32
cm!. The appearance of this absorption band indicates the
successful sulfonation of the methyl ester with Na2S:0s [22].
Then, a new peak appeared at a wavelength of 717.03 cm™!, which
is a single-bonded S-O group. The absorption peaks
corresponding to the functional groups of the compounds present
in the MES derived from waste cooking oil are shown in Table 8.

Table 8. The absorption peaks corresponding to the functional
groups of the compounds present in the MES derived from
waste cooking oil

Wavenumber Functional Group Assignment
(em™)

534.00 cm-1 S-O stretching Sulfonate group
1101.27 cm! C-O stretching Ester group
1172.87 cm’! S=O0 stretching Sulfonate group
1741.27 cm! C=0 stretching Ester group
292342 cm?! and C-H stretching Alkyl chain
2856.20 cm’!
3248.14 cm’! O-H stretching Alcohol group

4. CONCLUSION

The results of the study showed an interaction between methanol
concentration and purification temperature on the acid number
and saponification number of MES. However, there was no
interaction between the addition of methanol concentration and
the purification temperature on the viscosity, density, and
stability of the MES emulsion. Methanol concentration
significantly affected viscosity, acid number, and saponification
value. Temperature significantly affected acid number and
saponification value. Methanol concentration and purification
temperature did not significantly affect the density and stability
of the MES emulsion.The best treatment was achieved by adding
50 % methanol and purifying at a temperature of 55 °C. This
treatment produced MES with the following characteristics:
density of 0.8626 g/mL, a viscosity of 2.3739 mPa.s, an acid
number of 1.04 mg KOH/g, a saponification number of 152.87
mg KOH/g, and emulsion stability of 100 %.
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