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Abstract. Fatty acid isopropyl ester is one of the derivative products from vegetable oils such as 
crude palm oil (CPO). Chemically, fatty acid isopropyl esters can be synthesized from oils or 
vegetable fats with isopropanol using inorganic catalysts. The purpose of this research was to 
intensify the process of synthesis of fatty acid isopropyl esters from CPO using microwaves. 
Research variables used were CPO to isopropanol molar ratios of 1:3, 1:5, 1:7, 1:9, 1:11, and 1:13; 
reaction times of 1, 3, and 5 minutes; and KOH catalyst concentrations of 0.10, 0.15, 0.20, and 0.30 
(%-w of CPO). The experimental result showed that the process variables affected the yield of fatty 
acid isopropyl esters. The highest yield obtained (80.5%) was found at molar ratio of CPO to 
isopropanol of 1:11, catalyst concentration of 0.2% (%-w of CPO), and reaction time of 5 minutes. 
With the same conditions, a 72.2% yield was obtained in 150 minutes using conventional 
transesterification. Fourier transform infrared analysis showed some specific functional groups in 
fatty acid isopropyl esters. In addition, viscosity, density, and acid number of fatty acid isopropyl 
esters produced conformed to the Indonesian National Standard (SNI) No. 7182-2015. 
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1. Introduction 

The use of vegetable oil is highly prevalent in Indonesia due to its abundant availability. 
The development of oleochemical industries that produce derivative products from 
vegetable oils is still largely at a prospective stage and needs to be strengthened to increase 
the economic value of the resource. Following such development, it is hoped that the 
derivative product of vegetable oil will not only meet domestic needs but will also become 
an important Indonesian export commodity. 

One of the potential derivative products of vegetable oil is fatty acid isopropyl esters. 
Fatty acid isopropyl esters are in great demand because these fatty acids can be used as raw 
materials for various products, such as cosmetics, foods, pharmaceuticals, bio-lubricants, 
and bio-solvents (Seo et al., 2018). Crude palm oil (CPO) is one of the potential raw 
materials that can be used for the production of fatty acid isopropyl esters. At present, 
Indonesia is the largest producer and exporter of CPO in the world. However, the economic 
value obtained from CPO is still not optimal. The processing of CPO to its derivative 
products, which have a higher selling value, must be conducted to optimize the economic 
value of CPO in Indonesia. 

Several technological processes for the production of fatty acid alkyl esters have been    
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developed. The chemical transesterification process is the most widely used process for the 
synthesis of fatty acid alkyl esters such as fatty acid isopropyl esters (Supardan et al., 2017; 
Cercado et al., 2018). However, chemical transesterification using the conventional process 
has some shortcomings such as long reaction times and considerably severe operating 
conditions making such reaction an energy-intensive process. Alternative processes, such 
as the use of microwaves (Ye et al., 2016) and ultrasonic and hydrodynamic cavitation 
(Laosuttiwong et al., 2018) can be used to intensify the fatty acid alkyl ester production 
process. 

Microwaves are a non-conventional energy source, which has been used for a variety 
of applications including chemical synthesis. Several researchers have reported the 
advantages of using microwaves compared to conventional methods, including Encinar et 
al. (2012) and Teo and Ani (2014). The intensification of the transesterification process 
using microwaves was had also been explored in prior research. For example, Dehghan et 
al. (2019) reported the use of microwaves to accelerate the transesterification of inedible 
olive oil for biodiesel production, and Yu et al. (2017) used the synergistic microwave-
ultrasonic irradiation for the transesterification of soybean oil. 

This study aims to intensify the synthesis process of fatty acid isopropyl ester from CPO 
using KOH as an alkaline catalyst through the use of a built-in microwave. Presently, there 
is limited information in the published literature on the intensification process concerning 
the processing of CPO to its derivative products. To address this research gap, we will 
compare the performance of the synthesis process using microwaves to that of the 
conventional processes using stirrers.  

 
2. Methods 

2.1.  Materials and Tools 
 The CPO samples used in this study were obtained from PT. Syaukath Agro Lestari 
(Aceh, Indonesia). Isopropanol, ethanol, hydrochloric acid (HCl) and potassium hydroxide 
(KOH) were purchased from a local distributor. The main equipment used was microwave 
(Panasonic, Indonesia) with 250 watts of power and a 25 L of capacity. The experimental 
setup used is illustrated in Figure 1. 
 

 

Figure 1 Experimental setup  
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2.2.  Research Procedures 
 The synthesis process of fatty acid isopropyl esters was carried out in several stages: 
(1) the esterification process, (2) the transesterification process, and (3) product 
purification process.  

2.2.1. Esterification process 
 Firstly, ethanol was mixed with HCl as an acid catalyst with a concentration of 1%-w of 
the CPO used. Then, the mixture was reacted with CPO in a three-neck flask with a molar 
ratio of CPO to ethanol of 1:12.  The three-neck flask was then attached to a microwave 
device equipped with a reflux condenser. The reaction was carried out for 5 minutes at 
temperature 70oC, set on the micropower button. The resulting product (water at the 
bottom layer and esterified CPO at the top layer) was then separated using a separating 
funnel. The esterification progress was monitored in terms of the acid number of reaction 
product. The experimental results showed that this esterification reaction can reduce the 
acid number from 24.68 to 0.73 mg KOH/g. 

2.2.2. Transesterification process 
 The molar ratios of CPO to isopropanol used in the transesterification process were 
1:3, 1:5, 1:7, 1:9, 1:11, and 1:13. The catalyst used was KOH, with catalyst concentrations of 
0.10, 0.15, 0.20, and 0.30 (%-w of the CPO used). An alkaline-catalyzed transesterification 
process is the most common method because of the high reaction rates that coincide with 
this method. The mechanism of the reaction is reported in detail by Thoai et al. (2019). 
Firstly, KOH catalyst was dissolved and mixed with isopropanol until homogeneous. Then, 
the solution was fed into a three-neck flask that already contained esterified CPO. The three-
neck flask was then attached to the microwave set. The transesterification reaction was 
carried out for 1, 3, and 5 minutes in a microwave at temperature 70oC. The 
transesterification process using a magnetic stirrer was also conducted for comparison. For 
conventional transesterification, the molar ratio of CPO to isopropanol used was 1:11; the 
KOH catalyst concentration was 0.2%; and the reaction was carried out for 90, 120, and 150 
minutes. 

2.2.3. Purification process 
 Transesterification products were put into a rotary evaporator. The evaporation 
process was carried out for 1 hour at a temperature of 105°C to separate the remaining 
isopropanol from the results of fatty acid isopropyl esters. The results of the evaporation 
were then put into a separating funnel and allowed to stand for 1 day to achieve complete 
separation between the two liquid phases. The top layer formed was fatty acid isopropyl 
esters as the main product, while the lower layer formed was glycerol as a by-product. Then 
the two layers were separated by removing the glycerol from the separating funnel. After 
that, the fatty acid isopropyl esters were washed using warm water at 50°C. In the last step, 
the fatty acid isopropyl esters were heated at a temperature of 110°C for 30 minutes to 
remove the water content.   

2.3. Analysis of Result 
 The experimental results were reported in terms of fatty acid isopropyl ester yield 
determined by Eq. (1):  

100%
CPO of Weight

 ester isopropyl acid fatty of Weight
yield ester isopropyl acid Fatty         (1) 

 The analysis of fatty acid isopropyl ester products was carried out qualitatively using a 
Fourier Transform Infrared Spectrophotometer (FTIR Shimadzu Prestige 6400). Analysis 
of the characteristics of fatty acid isopropyl ester product was done by determining the 
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density using a pycnometer, viscosity using the Ostwald viscometer, and acid number using 
titration according to ASTM standard.  
 
3. Results and Discussion 

3.1.  Effect of Process Parameters 
 Some important parameters that affect the yield produced in the transesterification 
process are the molar ratio of oil to alcohol, reaction time, and amount of catalyst. Figure 2 
shows the effect of reaction time on the yield of fatty acid isopropyl esters—the longer the 
reaction time, the greater the yield. This happens because as processing time increases, 
transesterification process time also increases, such that the molecules between reactants 
collide over a longer period. Optimal processing time is needed to ensure complete 
diffusion between isopropanol, oil, and KOH catalyst. Perfect diffusion will make the 
process of forming fatty acid isopropyl esters more perfect (Milano et al., 2018). In this 
research, the highest yield was obtained at 5 minutes in all variations of the CPO to 
isopropanol molar ratio. Mahlinda et al. (2017) previously reported that the optimal 
reaction time was 4 minutes for in-situ transesterification of screw pine fruit seed oil with 
microwave assistance. However, the further effects of processing times that exceeded 5 
minutes could not be observed due to limitations of the present experimental equipment. 
 The results also showed that the yield of fatty acid isopropyl ester increased with 
increasing molar ratios of isopropanol to CPO. Stoichiometrically, 1 mole of triglyceride 
requires 3 moles of alcohol to produce 3 moles of fatty acid isopropyl ester and 1 mole of 
glycerol. However, because the transesterification reaction is classified as a reversible 
reaction, excess alcohol and reactants are needed to shift the equilibrium towards the 
product (Chuah et al., 2015; Helmiyati and Anggraini, 2019). In this research, the highest 
yield (80.5%) was obtained at a molar ratio of 1:11 in 5 minutes. However, the yield 
produced decreased at a CPO to isopropanol molar ratio of 1:13. This occurred because the 
higher molar ratio of CPO to isopropanol causes higher glycerol solubility; therefore, it can 
complicate the process of separation and purification of fatty acid isopropyl esters from 
glycerol (Milano et al., 2018). In addition, the excess glycerol in solution pushes the reaction 
process back to the reactants, which causes the yield of fatty acid isopropyl esters to 
decrease.  
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Figure 2 Effect of reaction time and molar ratio of CPO to isopropanol on yield of fatty acid isopropyl 
ester at catalyst concentration 0.2% 
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A catalyst is a substance used to increase the rate of a reaction (Syamsuddin et al., 
2016). Figure 3 shows the effects of KOH catalyst concentration on the yield of fatty acid 
isopropyl ester products. The use of catalysts in transesterification reactions can increase 
reaction rates. The experimental results showed that the greater the KOH catalyst 
concentration, the greater the amount of fatty acid isopropyl esters produced. Increases in 
catalyst amounts enhance the availability and number of catalytically active sites, thereby 
increasing the product yield (Hidayat et al., 2018). If the amount of catalyst is increased, the 
activation energy will decrease, so the reaction rate constant will be even greater. Large 
reaction rate constants will result in faster equilibrium reactions such that maximum 
reaction conversions will also be quickly achieved. However, at a catalyst concentration of 
0.3%, the yield produced decreases. This occurs because the addition of an excessive 
alkaline catalyst causes a saponification reaction between triglycerides and the catalyst. 
This reaction can reduce the yield of fatty acid isopropyl esters as a result of the 
triglycerides not being completely converted into fatty acid isopropyl esters but instead 
forming soap (Chuah et al., 2015). The use of an appropriate catalyst amount, as well as a 
correct choice of reaction conditions, can assist the system to gain the best process 
performance (Satriana et al., 2018). 
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Figure 3 Effects of catalyst concentration and molar ratio of CPO to isopropanol on the yield of 
fatty acid isopropyl ester at reaction time 5 minutes  

3.2.  Process Comparison 
The comparison of the transesterification process using microwaves and conventional 

transesterification using a stirrer at the molar ratio of CPO to isopropanol of 1:11 and 
catalyst concentration of 0.2% can be seen in Table 1. In a short period of time, the yield 
generated in the transesterification process using microwaves was greater compared to 
conventional transesterification. In transesterification using microwaves, a maximum yield 
of 80.5% was produced in 5 minutes, whereas in conventional transesterification, the 
maximum yield of 72.2% was produced after 150 minutes. This result is in line with the 
research of Yu et al. (2017), which reported that maximum biodiesel yield obtained within 
2.2 minutes using microwave radiation, whereas maximum biodiesel yield obtained within 
60 minutes using conventional heating methods. 

The use of microwaves as a source of heating provides direct energy transfer to the 
reaction mixture through a radiation mechanism instead of convection and conduction 
(Nayak et al., 2019). This result can be described in terms of a rapidly changing 
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electromagnetic field that induces molecular rotation to polar compounds depending upon 
their dipole moment. The molecular rotation enhances the collision of molecules, which 
eventually reduces the inhibition constant and increases the affinity of the substrate to the 
active site of catalyst. It leads to an increase in the reaction rate, and the process is time-
efficient. In addition, the heating process takes place from inside out; hence, the heat loss 
compared to the conventional process is minimal. Therefore, the use of microwaves 
consumes less than 10% of the energy to achieve the same yield as the conventional heating 
method (Patil et al., 2010). Meanwhile, heat is transferred by conduction and convection in 
conventional heating. Therefore, the transferred temperature is uneven and creates 
localized temperature gradients inside the reaction mixture. Overheating at the reactor 
vessel surface may cause decomposition of reactant, catalyst, and product of the reaction 
(Lidstrom et al., 2001; Panadare and Rathod, 2017).  

 
Table 1 Comparison of the transesterification process using microwaves and conventional 
transesterification 

No Time (Minutes) 
Yield (%) 

Microwave Conventional 

1 1 38.9 - 

2 3 59.2 - 
3 5 80.5 - 
4 90 - 34.2 
5 120 - 48.1 
6 150 - 72.2 

3.3.  FTIR Analysis Result 
 The results of the functional group analysis in the form of FTIR spectrum can be seen 
in Figure 4. The FTIR results show that the hydroxide group (–OH) as an alcohol group 
appears at 3,350 cm-1 in isopropanol. It is not found in CPO, but it is found in fatty acid 
isopropyl esters at 3,366 cm-1.  
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Figure 4 FTIR spectra of CPO and fatty acid isopropyl esters 
 

 The appearance of the (–OH) in fatty acid isopropyl esters indicates that CPO has 
reacted with isopropanol. Fatty acid isopropyl esters produced from the transesterification 
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reaction produce a product with a typical alkyl ester group. The (C–O) group found in fatty 
acid isopropyl esters has wavenumber at 1,115 cm-1, while in CPO they are found at 1,110 
cm-1. The peak is included in the absorption area of 1,110–1,300 cm-1. The change from 
1,110 cm-1 to 1115 cm-1 indicates that the triglycerides present in CPO have been converted 
to fatty acid isopropyl esters. The ester group (C=O) also appears in CPO at 1,742 cm-1, with 
the wavenumber at 1,743 cm-1 in fatty acid isopropyl esters. Another peak that shows the 
difference of fatty acid isopropyl esters with CPO is found at the wavenumber 1,647 cm-1 in 
CPO and 1,651 cm-1 in fatty acid isopropyl esters. The peak is included in the absorption 
area of 1,600–1,700 cm-1, which shows the (C–C) group. Moreover, there is an isopropyl 
group peak with wavenumber 1,377 cm-1. A similar observation was reported for 
transesterification products derived from waste frying oil (Elkady et al., 2015; Yusuff et al., 
2018). 

3.4.  Characteristics of Fatty Acid Isopropyl Esters 
The characteristics of fatty acid ester isopropyl produced can be seen in Table 2. The 

comparison is done in accordance with the Indonesian National Standard (SNI) No. 7182-
2015. The characteristics of fatty acids isopropyl esters produced were within the 
permissible limit of SNI. 

 
Table 2 Characteristics of fatty acid isopropyl esters 

Parameters Study Results SNI No. 7182-2015 

Density (kg/m3)  856–883 850–890 

Viscosity (mm2/s)  3.29–5.68 2.3–6 

Acid number (mg KOH/g)  0.30–0.47 ≤ 0.5 

 
4. Conclusions 

The use of microwaves has been shown to intensify the synthesis process of fatty acid 
isopropyl esters. The highest yield of 80.5% of fatty acid isopropyl esters was obtained at 
the following condition: CPO to isopropanol molar ratio 1:11, catalyst concentration 0.2%, 
and reaction time 5 minutes. The use of microwaves provided a higher yield of fatty acid 
isopropyl esters than conventional transesterification processes. The results of the FTIR 
analysis showed several specific functional groups in fatty acid isopropyl esters produced. 
The results of testing the characteristics of fatty acids isopropyl ester showed that viscosity, 
density, and acid number met the SNI No. 7182-2015 standard.  
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