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ABSTRACT. The use of surfactants from palm oil as a wetting agent can be applied in the 

textile wet processes. Used cooking oil that has been through esterification and 

transesterification processes can be used as a raw material for surfactants. During this process, 

methyl ester sulfonate has been formed as a surfactant raw material. MES surfactant as an 

active ingredient in detergents has a detergency ability in water with a high hardness level, has 

a tolerance property to Ca 2+ ions, has a low foaming rate, and has good stability to pH. The 

purpose of this research is to utilize used cooking oil that has been processed through 

esterification, transesterification, and sulfonation for the surfactant manufacturing process 

which will later be used for wet textile processes and to determine the optimum concentration 

of surfactant produced in the cooking and dyeing process of rayon compared to commercial 

surfactants (teepol). The experiments carried out were the process of making surfactants from 

methyl esters into sulfonate methyl esters, through the processes of sulfonation, purification and 

neutralization. Then, testing the wetting time, absorbency of the fabric and testing the resistance 

of acid, base, and hardness. Then the surfactant product is applied to the cooking and bleaching 

processes simultaneously, then the dyeing process is continued with the surfactant as a cloth 

wetting agent in the dyeing process. Then tested the age and evenness of the dyed fabric color. 

The results showed that MES surfactant has almost the same properties as a teepol, which holds 

it hard and not resistant to acids and bases. It has a good wetting ability and can reduce surface 

tension so that the fabric can absorb water in 23,36 seconds. The optimum conditions were 

achieved in MES surfactant concentrations using 2 ml / L in the scouring bleaching process 

(simultaneous) and 2 ml / L in the dyeing process. The color saturation is 25.6148 and the color 

evenness results in a standard deviation of 0.395. 

Keywords: Used Cooking Oil, Methyl Ester Sulfonate, Bleaching Cooking, Dyeing, 

Rayon Fabric. 

 

INTRODUCTION 
Cooking oil is a vegetable oil that comes from plants and has been purified and can be 

consumed as foodstuffs. The Cooking oil is most widely used by the public, industry, and, 

restaurants. The cooking oil is made from palm oil. As much as 49% of the total demand for 

cooking oil is household consumption and the rest is for industrial and restaurant needs. Used 

cooking oil is usually only disposed of in waterways by housewives or small industries. This 

disposal causes environmental pollution, both in rivers and in the soil, because the oil is not 

biodegradable by decomposing microorganisms [1]. 

 Waste cooking oil can be harmful to microorganisms and other organisms. The 

presence of toxic, organic, and volatile compounds such as acrylamide, aldehyde, 4- 

hydroxymethylfurfural in heated cooking oil (waste oil) has been known to have mutagenic 
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and carcinogenic activities. Additionally, toxic compounds in the oil can be readily dissolved 

into the water and absorbed into living cells, eventually killing plants and animals [1].  

  

Another alternative of waste cooking oil utilization is used for MES (methyl ester 

sulfonate) production.MES is an eco-friendly oleo chemical based anionic surfactant, can be 

easily synthesized using bio-oil feedstock and can be used for detergent application The 

advantages of MES are higher detergency at lower doses, stable in hard water, good 

biodegradability, harmless oral toxicity (2.2-3.8 g/kg weight), low toxicity on animal (low 

toxicity range) and good skin compatibility [2]. 

Using surfactants of palm oil as a substance wetting agent in the cooking process of 

cellulosic fabrics. The surfactant is in the form of MES (methyl ester sulfonate). So in this 

study will use used cooking oil as the main ingredient in the manufacture of surfactants for 

the cooking process on rayon fabric. The main process that is carried out starts from the 

esterification, transesterification, and sulfonation processes so that the oil becomes a surfactant 

in the form of MES which can become a wetting agent as an ingredient in cooking and dyeing 

in the textile process. Therefore, research will be carried out on used cooking oil (used cooking 

oil) as a surfactant in the cooking and dyeing process of rayon cloth. The purpose of this 

experiment is to utilize used cooking oil that has been processed through esterification, 

transesterification, and sulfonation for the process of making surfactants to be used for wet 

textile processes and to determine the optimum concentration of surfactant results made from 

used cooking oil in the cooking and dyeing process of rayon cloth compared to commercial 

surfactants (teepol). 

  

LITERATURE REVIEW 

1. Used Cooking Oil 

Used cooking oil is the remaining cooking oil from household waste and culinary 

scraps that are used repeatedly. Judging from its chemical composition, used cooking oil 

contains carcinogenic compounds, and the compounds tend to be very susceptible to oxidation, 

causing a rancid odor when stored for a long time [3]. This is due to the breaking of the 

triglyceride bonds into glycerol and free fatty acids (FFA) or saturated fatty acids. Used 

cooking oil is also very popular with aflatoxin fungi that cause liver disease. The physical 

properties of used cooking oil are yellowish-brown, smell rancid and there is sedimentation. 

Meanwhile, the chemical properties of used cooking oil are easily hydrolyzed, which converts 

the oil into free fatty acids and glycerol.  The oxidation process occurs when a certain amount 

of oxygen is in contact with oil. The hydrogenation process aims to grow double bonds from 

the carbon chains of fatty acids in the oil [4].  

2. Methyl Ester sulfonate (MES) surfactant 

Surfactant or Surface Active Agent is a surface-active substance that is on the surface 

of the water, interface, water, and air which has a unique characteristic, which tends to be 

centered on the interface so that it can reduce or increase surface tension[5]. Surfactants consist 

of a hydrophobic (water-loving) group called ahead and a hydrophilic (water-hating) group 

called a tail which is a long chain of carbon atoms. Methyl ester sulfonate (MES) is an anionic 

surfactant derived from natural oils. Polymers are large molecules composed of many repeated 

units that increase viscosity as a mobility control[6]. MES surfactants are the products of 

washing and cleaning (washing and cleaning products), also called anionic surfactant as a 

detergent active ingredient that has high detergency properties with high hardness (hard water). 

MES production process by reacting methyl ester with sulfonating agents, for example the 

reagent used sulfuric acid (H2SO4) [7].  
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3. Rayon Fiber 

Rayon fiber is a type of artificial fiber whose raw material comes from nature, namely 

from wood with high cellulose content so that its properties are almost the same as cellulose 

fibers [8]. The chemical properties of rayon are the same as cellulose fibers, rayon is not acid-

resistant and dilutes alkaline resistant, rayon is resistant to organic solvents, so it can be dry 

washed. Rayon is not mildew resistant, but rather resistant to sunlight. Besides, rayon is 

resistant to high temperatures, but it is easily burned by flames [9]. Rayon is easily wrinkled in 

use or creases after washing it needs to be an anti-wrinkle and anti-dragging process, rayon 

with high wet modulus is more stable in washing equivalent to cotton, can be mercerized, anti-

wrinkle and anti-shrink like cotton. Rayon fibers in the market consist of Viscose Rayon, 

Acetate Rayon, Couproammonium Rayon. All types of general rayon are very comfortable to 

use because of their high moisture absorption of up to 13%. Rayon fiber is widely used for 

women's clothing, women's socks, and underwear[10].  

 

 

4. Reactive Dyes 

Reactive dyes are the most widely used dyes in the textile industry [11][12]. This dye 

can react with cellulose or protein fibers, has a small molecular weight, dissolves in water, and 

covalently bonds with the fiber so that the reactive dye results provide good color resistance 

properties to washing and sweating [13]. It has a bright color, complete color variations, and 

does not withstand oxidizing agents containing chlorine[14] .  

In use, reactive dyes can be classified into 2 groups, namely cold reactive dyes and hot 

reactive dyes [15]. Both of them are distinguished from the molecular structure contained and 

the immersion process, both the temperature used and the auxiliary substances used in the 

dyeing process. The process of dyeing reactive dyes consists of 3 stages, the first stage the dye 

is adsorbed on the fiber surface, the second the dye diffuses from the fiber surface into the 

fiber, and the third is the fixation process, namely the reaction between the dye and the fiber. 

The reaction that occurs between the dye and the fiber:                D-Cl + Cellulose -

OH                    D-O- Cellulose + HCl                                    

               HCl + NaOH          

NaCl + H 2 O                                                      

Hydrolysis with water:                             

D-Cl + H 2 O         D-OH + HCl                                                       

Reactive dyes react with fibers and form covalent bonds so that the dyes become part of the 

fibers (Isminingsih et al. 1979).  

 

METHODOLOGY 

A.Material 

The material used is rayon, a reactive dye. The substance used is the MES surfactant 

from used cooking oil  

B. Research Methods 

The experiments carried out were the process of making surfactants from methyl esters 

into sulfonate methyl esters, through the processes of sulfonation, purification and 

neutralization. Then, testing the wetting time, absorbency of the fabric and testing the 

resistance of acid, base, and hardness.  

Then the surfactant product is applied to the scouring and bleaching processes 

simultaneously, then the dyeing process is continued with the surfactant as a cloth wetting 
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agent in the dyeing process. Then tested the age and evenness of the dyed fabric color. 

Evaluation of research results includes: 

1. Testing the wetting time using the AATCC TM 17-2005 test method. 

2. Testing the absorption capacity using the SNI 0279-2013 test method. 

3. Testing the resistance of acids, bases, and hardness using the SNI 0279 test method. 

4. The weight reduction test uses the SNI 8100-2015 test method. 

5. Testing of age and evenness of color using the SNI-ISO-JO2-2010 test method. 

 

 

1. Flow chart of surfactant manufacture 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1 Flow chart of surfactant manufacture 

 

 

 

 

 

 

 

 

 

 

 

Rude MES 

 

Purification process 
Methanol 40%: 30 ml 
Temperature: 50oC 
Time: 30 minutes 

Sulfonation process 
H2SO4 80%: 22 ml 

Temperature: 50-60oC 
Time: 60-90  

 

 

Neutralization process 
20% NaOH: 10-15 ml (pH 5-6) 

Temperature: 50oC 
Time: 30 minutes 

MES 

 

Methyl esters from used cooking oil 
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2. Research flow Chart 

 

 

 

 

 

 

          Rayon Fabric 

 

 

 

 

 

 

 

 

            2.2 Research Flow Chart 

  

RESEARCH RESULTS AND DISCUSSION. 

1 . Testing of wetting time 

Testing of wetting time was carried out to determine the ability of the surfactant to 

reduce the surface tension of the fabric so that the fabric could absorb water in a relatively fast 

time. The calculation starts when the cloth to be tested is stored above the surface of the water 

which already contains a certain concentration of surfactant, then the calculation is stopped 

when the cloth sinks or reaches the bottom. The results of the cloth wetting time process are 

shown in Figure 2. 

 

 

 

Figure 2 Graph of the relationship between concentration and wetting time 
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The graph above shows the ratio of wetting time between MES surfactant and teepol, 

the higher the teepol concentration the faster the wetting occurs. At a concentration of 1 ml/l 

the wetting time was 25.23 seconds and at a high concentration of 4 ml/l had the fastest wetting 

time of 11.13 seconds. Whereas in MES surfactants the higher the concentration has a longer 

wetting time. The fastest wetting time at a concentration of 2 ml/l was about 23.36 seconds and 

at a concentration of 3 ml/l and 4 ml/l the wetting time increased at 27.28 seconds and 29.18 

seconds. 

2. Fabric absorbency results 

Absorption capacity shows how much water can be absorbed by the fabric with the help 

of surfactants as surface-active agents that help reduce surface tension on the fabric. Rayon 

cloth is a cellulose cloth that easily absorbs water with an MR ( Moisture Regain ) value of 11-

14% higher than cotton which is only 7-8.5% so that the absorbency of the fabric has a high 

value. Results absorption fabric can be seen in Figure 3 below: 

  

 

 
Figure 3. Graph of the Relationship between Surfactant Concentration and Fabric Absorption. 

The results show that the absorption value of rayon cloth has high absorption, almost 

three times the initial weight. This happened to teepol and MES surfactants. For teepol, the 

most absorption was at a concentration of 2 ml / l which was 189.91% but this value was almost 

the same as the other concentrations, whereas in MES surfactants the higher the concentration, 

the higher the absorption in the fabric at a high concentration of 4 ml / l the percentage reduction 

weight reached 239.48% and was the highest absorption in the testing process. 

However, MES surfactants have another factor in fabric absorption, namely the weight 

gain due to the presence of micelles. The hydrophobic part will move in the oil phase on the 

fabric so that there is an additional weight that occurs in the rayon cloth. This is the same as 

the factor in the wetting time process where the more surfactant concentration the more 

micelles are formed, these micelles will stick to the fabric and will become a fabric weight 

factor due to the aggregate caused by these micelles. When the surfactant concentration is high 

and has reached the point of decreasing surface stress, the micelles formed will aggregate and 

can affect the fabric including the wet process of textiles. 
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3. Results in acid-base and hardness resistance. 

Based on the results of testing the resilience of acid -base and hardness obtained the 

data as follows : 

Table 3. Acid-Base Resitance and Hardness Test 

No. Resistance Surfactant Teepol 

1 Acid Not Acid Resistant Not Acid Resistant 

2 Base Not Base Resistant Not Alkaline Resistant 

3 Hard Hold it hard Hold it hard 

The test showed the same value for resistance to acid-base and hard water where teepol 

and MES surfactant from used cooking oil were neither alkaline nor acid resistant, but both 

were resistant to hard water. In the alkaline test, the surfactants were salted and in the acid 

resistance test, the oil was separated. However, in the hardness resistance test, the solution is 

not cloudy, and it is the same as a solution that has the same concentration without the addition 

of hard water. So for the conditions of 20˚DH, 30˚DH and 40˚DH the surfactants are still 

resistant to hardness. 

4.Weight reduction after simultaneous processing 

In the weight reduction process in terms of the results after the simultaneous process, 

especially in the cooking process, MES surfactants have a role in reducing surface stress and 

binding the oil on the rayon cloth, this oil can affect the dyeing process so that it can be 

removed/dissolved by the MES surfactant, loss oil on the fabric is seen from the weight 

reduction results on the rayon cloth. The results of the reduction can be seen in Figure 4 below. 

 
  

Figure 4 Graph of Weight Reduction on Simultaneously Processed Rayon Fabric 
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(2017), The temperature can accelerate the reaction by expanding the energy distribution and 

increasing the number of molecules that have higher kinetic energy than their activation energy. 

In these conditions, the greater the chance for a collision to occur, thereby accelerating the 

reaction of MES decomposition. Temperature plays a role in accelerating the MES 

decomposition reaction so that the more concentration the more collisions occur which can 

accelerate the decomposition reaction of the MES surfactant so that it can decompose the 

micelles that have been formed and can make the surfactant work effectively in reducing 

surface tension and binding and removing dirt/oil. present on the fabric giving a good weight 

loss value. 

Color preservation and Evenness 

MES and teepol surfactants are used in the dyeing process which functions to see how 

old the color and evenness of color results due to a decrease in surface tension on the rayon 

fabric so that the dye can enter the rayon fiber. The results show that the highest aging is in the 

simultaneous concentration variation at 1 ml / l and immersion at 0 ml / l but this results in the 

standard deviation or the highest color evenness value so that the dyeing results are striped and 

uneven. When viewed from all the commercial surfactants or teepol the best results with high 

aging, namely at 25.0872 and good flatness at 0.1555 compared to other results. For the results 

carried out with the use of surfactants the best results were at a simultaneous process 

concentration of 2 ml / l and the immersion process of 2 ml / l. These results are almost the 

same as the results of teepol with a color aging of 25.6148 and the results of color evenness 

with a standard deviation of 0.3953.  

 

CONCLUSION 

1. Used cooking oil can be used as a surfactant in the textile process as a wetting agent in the 

form of MES (methyl ester sulfonate). 

2. MES surfactant has almost the same properties as teepol which is hardness resistant and acid 

and alkaline resistant. It has the good wetting ability and can reduce surface tension so that 

the fabric can absorb water in 23.36 seconds 

3. The optimum concentration of MES surfactant is at the use of 2 ml / l in the scouring and 

bleaching process (simultaneously) and 2 ml / l in the dyeing process. 

4. The color setting is 25.6148 and the results of the color evenness with a standard deviation 

of 0.395 

5. The higher the MES surfactant concentration in the simultaneous cooking and bleaching 

process of rayon cloth, the effect on the weight reduction value  

 

SUGGESTION 

Further research is needed in the process of making methyl esters using other reactants 

(sodium bisulfite). 
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