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The Effect of Co-solvent on Esterification of Oleic Acid Using 
Amberlyst 15 as Solid Acid Catalyst in Biodiesel Production

Abstract. The oleic acid solubility in methanol is low due to two phase separation, and this 
causes a slow reaction time in biodiesel production. Tetrahydrofuran as co-solvent can decrease
the interfacial surface tension between methanol and oleic acid. The objective of this study was 
to investigate the effect of co-solvent, methanol to oleic acid molar ratio, catalyst amount, and 
temperature of the reaction to the free fatty acid conversion. Oleic acid esterification was 
conducted by mixing oleic acid, methanol, tetrahydrofuran and Amberlyst 15 as a solid acid 
catalyst in a batch reactor. The Amberlyst 15 used had an exchange capacity of 2.57 meq/g. 
Significant free fatty acid conversion increments occur on biodiesel production using co-solvent
compared without co-solvent. The highest free fatty acid conversion was obtained over methanol 
to the oleic acid molar ratio of 25:1, catalyst use of 10%, the co-solvent concentration of 8%, and
a reaction temperature of 60oC. The highest FFA conversion was found at 28.6 %, and the 
steady state was reached after 60 minutes. In addition, the use of Amberlyst 15 oleic acid 
esterification shows an excellent performance as a solid acid catalyst. Catalytic activity was
maintained after 4 times repeated use and reduced slightly in the fifth use.

1. Introduction
Biodiesel is the renewable fuels that not only have great
demand, but also pollutants emit less. In biodiesel 
production, feedstock must be cheap, sustainable and
non-edible oil because it can decrease the biodiesel 
production cost [1-5]. Biodiesel is produced by 
esterification with acid catalyst and transesterification by
the alkaline catalyst. Unfortunately, in transesterification 
process with an alkaline catalyst, the presence of free 
fatty acid (FFA) in oil causes saponification reaction 
between FFA and alkaline catalyst which decrease the 
biodiesel yield and increase the production cost. Hence, 
the esterification with acid catalyst must be done before 
transesterification process to minimize the FFA content 
in the transesterification reaction. In esterification, the 
FFA is converted to fatty acid methyl ester (biodiesel). 
Even though transesterification and esterification are 
different reactions, it produces the same product namely 
biodiesel.
Biodiesel production can be influenced by those 
variables such as co-solvent, amount of catalyst, reaction 
temperature, reaction time, and the molar ratio of 
reactant [6-10]. Yunus et al. studied these variables 

effect to FFA conversion. The FFA conversion using 
waste cooking oil as a feedstock was 88% under a 
reaction temperature of 600C, methanol to oil mass ratio 
of 18:1, catalyst amount of 3.0 % and stirring speed of 
300 rpm [11]. Another study [12] reported that the 
optimum conditions for the esterification were achieved 
at 700C of reaction temperature, 5% of catalyst loading 
and 6:1 of ethanol to the oleic acid molar ratio by using 
the zeolite prepared from kaolin and achieved FFA 
conversion 85% after 60 min [12]. Solid catalysts such 
as Amberlyst 15 made the highest FFA conversion than 
the others at catalyst amount (1-2%wt) and temperature 
50-600C in esterification [6].
Another problem in biodiesel production is the oil has 
very low miscibility in methanol [13]. The low
miscibility of methanol in oil causes low overall reaction 
rate. Co-solvent can decrease the interfacial surface 
tension and increase the reaction rate. Boocock et al. [9] 
reported that tetrahydrofuran (THF) is the best choice to 
co-solvent due to its boiling point (67oC) is almost the 
same with the methanol boiling point (64oC). The 
loading of THF is for improving the overall reaction rate 
in both transesterification and esterification [14]. Hence,
this study aims to investigate the effects of co-solvent,
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catalyst amount, reaction temperature and the ratio of 
methanol to oleic acid for esterification using Amberlyst 
15 as a solid acid catalyst in the production of biodiesel. 

2 Materials and Methods  

2.1. Materials  

Oleic acid was purchased from a local supplier (PT. 
Bratachem), and Methanol (99.8% purity) was 
purchased from Merck. Amberlyst 15 was used as the 
solid acid catalyst to improve reaction time and THF as 
co-solvent to enhance the miscibility of oil and the 
methanol. Isopropyl alcohol, toluene, potassium 
hydroxide and phenolphthalein were used to analyze 
FFA content. 

2.2. Methods  

2.2.1 Preparation of Catalyst 

This preparation aims to activate the pores and remove 
any impurities that attached to the catalyst. Amberlyst 15 
was soaked in methanol and chloride acid (HCl) solution 
for 1 hour. Afterward, it was heated in the oven at 850C 
for 1 hour. 

2.2.2 Determination of ion exchange capacity 

This step is to measure the acid capacity of the catalyst. 
Amberlyst 15 was soaked into HCl solution for 1 hour, 
and after that, the catalyst was dried in the oven at 900C 
for 2 h. The dried catalyst was then soaked in NaCl 
solution for 24 h to add sodium ion to the solution. After 
that, the 0.01 M NaOH was used to titrate the solution 
using phenolphthalein as an indicator to determine the 
titration point. The determination of ion exchange 
capacity (IEC) is determined by equation [17]: 
 
IEC = Volume of NaOH x Concentration of NaOH   
 Weight of catalyst                   (1) 

 2.2.3 Esterification 

The oleic acid esterification in this study was conducted 
in a batch reactor by mixing oleic acid, methanol, 
Amberlyst 15 and THF. The reflux condenser was 
equipped the reactor recovery the remaining methanol. 
The temperature controller and water bath were 
equipped to the reactor to control the desired 
temperature. An agitator was used to mix the solution at 
400 rpm. The investigated factors in this study were the 
co-solvent amount, catalyst loading, the methanol to oil 
molar ratio, and reaction temperature.  
A 50 ml of oleic acid was fed to the reactor for each 
experiment. Esterification process was carried out in the 
oleic acid to methanol molar ratio 1:5, 1:10, 1:15, 1:20 
and 1:25. The amount of Amberlyst 15 was 2 %w, 4 
%w, 6 %w, 8 %w and 10 %w. The temperature varied 
was 30oC, 40oC, 50oC and 60oC. The amount of co-

solvent varied was 2%w, 4%w, 6%w, 8%w and 10%w. 
Consequently, those variables will be varied to get the 
optimum condition. Each experiment was conducted for 
90 minutes. Sampling was done manually at reaction 
time every 15 minutes to analyze the FFA concentration.  

2.2.4 The Method of Analysis 

Determination of FFA was analyzed using American Oil 
Chemists Society (AOCS) method [14]. The sample was 
taken from the reactor every 15 minutes. One gram of 
sample was dissolved in 10 ml of toluene and isopropyl 
alcohol mixture (1: 1 v/v) as a solvent to ensure the 
miscibility of sample and titrant. Three drops of 
phenolphthalein indicator were added to the mixture.  
The adding of phenolphthalein was used as an indicator 
and titrated using KOH (0.25 N) solution until the 
sample changed the pink color. The percentage of the 
unreacted FFA was calculated using the equation below 
[6]. 
FFA (%) = Vol. of KOHxNormality KOHx28.2x100% (2) 
                  Weight of sample 
The FFA conversion was determined by the equation 
given [6].  

FFA conversion (%) = (FFA i – FFA t ) x 100% (3) 
                                           FFA i 
where i is initial concentration, t is the final 
concentration in each reaction time.  

2.2.5 Catalyst Reuse 

The method of catalyst reuse was adopted from 
Hykkerud et al. [15]. The catalyst used in each 
experiment was collected. Subsequently, those catalysts 
were soaked in methanol for 60 minutes and heated in 
the oven to dryness.  

3 Results and Discussion 

3.1. Ion Exchange Capacity 

The ion exchange capacity demonstrates the ability of 
the catalyst to increase the conversion of FFA. In a 
previous study [6], Amberlyst 15 with an ion exchange 
capacity of 5.2 meq/g yielded FFA conversion of 35-
45% [6]. Meanwhile, the catalyst used in this study has 
an exchange capacity 2.57 meq/g. This result is 
determined by ion exchange method, and this is slightly 
lower than expected. This is due to the catalyst was 
stored for a quite long time. The ion exchange capacity 
will be very influential in converting FFA into biodiesel 
[11].  

3.2. The Effect of Methanol Molar Ratio 

Biodiesel production from oleic acid with molar ratio 
variation of methanol to oleic acid was done by 5 
variations. The differences of methanol to oleic acid 
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molar ratio are 5: 1, 10: 1, 15: 1, 20: 1, and 25: 1. 
Methanol was chosen because the methanol reactivity is 
higher than ethanol as a reactant. Fig. 1 shows the 
changes of the conversion of the FFA every 15 minutes 
with reaction time for 90 minutes. The esterification 
reaction of oleic acid is a reversible reaction. Therefore, 
excessive use of methanol can shift the equilibrium 
reaction toward the product. It can be seen in Fig. 1 that 
there was a significant increase in conversion in a 
process using THF as a co-solvent compared with a 
reaction without THF. This suggests that the presence of 
THF helps the oil and methanol mixture into one phase. 
It facilitates the reaction between oleic acid and 
methanol and finally increases the overall reaction rate. 
Fig. 1 explains that the esterification reaction without 
THF resulted in a maximum FFA conversion of 3.15% 
whereas with THF the conversion increases to 23.16% at 
the same reaction time 90 minutes. By comparing with 
another result [6] for esterification of oleic acid using 
Amberlyst 15, without using co-solvent, the 
esterification reaction has reached steady state after 100 
minutes while in this research esterification reaction 
steady state after 75 minutes. This suggests that the THF 
addition as a co-solvent increase the rate of esterification 
reaction of oleic acid.  
It can be inferred from Fig. 1 that the molar ratio of 
methanol dramatically influences the conversion of the 
reaction. The higher mole of methanol causes the higher 
FFA conversion [12, 16]. At a 5: 1 to 20: 1 methanol 
molar ratio, the conversion increased sharply and 
experienced steady state after 75 minutes. In our study 
with methanol to oil molar ratio of 25:1, produced the 
highest FFA conversion and steady state is achieved 
after 60 minutes. The steady state is faster than the 
previous study, this may due to the role of THF in this 
reaction by providing single phase system for the 
reactants although the conversion at this ratio is 23.16% 
which is almost half of the previously reported. This is 
due to the ion exchange capacity of Amberlyst 15 used 
in this study is smaller (2.57 meq/g) compared to the 
earlier reported by Andrijanto et al. which is 4.7 meq/g 
[17].  

 

Fig. 1. The Effect of Methanol Molar Ration on FFA 
conversion 

 

 

3.3. The Effect of Catalyst Amount 

The effects of the amount of Amberlyst 15 used on FFA 
conversion were investigated. The catalyst amount was 
varied from 2% to 10%. The temperature of reaction and 
molar ratio of methanol to oil was kept constant during 
the experiment. As shown in Fig.2, the FFA conversion 
changes with time. The conversion increases with the 
increase of the amount of catalyst. 
Fig. 2 indicates the conversion of FFA every 15 minutes 
at reaction time for 90 minutes. It was clear that the 
greater the number of catalysts the greater the resulting 
FFA conversion. The oleic acid esterification is a 
difficult reaction to occur in the absence of a catalyst, 
and the conversion is often limited by the nature of the 
reaction which is reversible. In Fig. 2, it is clear that the 
oleic acid esterification with 2% and 4% catalyst amount 
resulted in FFA conversion of about 5.14% to 12.08% 
respectively. In addition, at catalyst amount of 6%, 8% 
and 10% there was a significant increase of FFA 
conversion which is 23.16%, 25.21%, 28.57% 
respectively.  
At the amount catalyst of 2%, the maximum FFA 
conversion was 5.47%, and by increasing the catalyst 
amount to 4%, the conversion was almost doubled which 
was 12.08 %. The steady state condition is reached after 
75 min. Further increase the catalyst amount by 6%, 8% 
and 10% result in faster steady state, and this achieved 
after 60 min. It means the steady state condition is faster 
by adding the amount of catalyst. This is due to the more 
active site presence (hydrogen ion within the Amberlyst 
15) in the reaction mixture. The rise in the number of 
active sites within reaction mixture provided the chance 
of oleic acid reacted with methanol on the surface of the 
catalyst and yielded increase reaction rate [6,11,12]. The 
previous result shows that the increases of the catalyst 
amount above 10% yield a plateau, which is suggesting 
that the equilibrium condition is reached. 

 
Fig. 2. The Effect of Catalyst Amount on FFA conversion 
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3.4. The Effect of Co-solvent Amount  

The solubility of methanol in oil is low. The co-solvent 
is added to the reactor to increase solubility methanol in 
oil and speed up overall reaction time. In this paper, 
THF is used as co-solvent for biodiesel production. The 
ratio of THF to oleic acid was varied at concentrations of 
2, 4, 6, 8 and 10%. It is noticeable that by adding THF to 
the reaction mixture, increase the FFA conversion. The 
higher the THF concentration, the FFA conversion also 
increases. This suggests that THF as a co-solvent can 
increase overall reaction time due to the increase of oleic 
acid miscibility in methanol which leads to increase 
overall reaction time [13,16]. The increasing speed of 
the overall reaction is due to the addition of THF which 
makes the oil and methanol in one phase as shown in the 
ternary diagram of Fig. 4.  
At THF concentration to the oleic acid of 2% only 
resulted in maximum FFA conversion of 7.24% while at 
4% and 6% THF concentration resulted in FFA 
conversion of 22.93% and 24.11% respectively. By 
increasing the concentration of THF to 8% and 10%, the 
FFA conversion yield 28.57%. This indicates that the 
THF concentration of 8% is the optimum concentration 
since the FFA conversion at 10% THF is the same.  
At low THF concentration (2%, 4% and 6%) FFA 
conversion was a steady state at a reaction time of 75 
minutes while at THF concentration above 8% FFA 
conversion had reached steady state at a faster reaction 
time of 60 minutes. Therefore, the optimum THF 
concentration was at 8%. 

 3.5. The Effect of Reaction Temperature 

The reaction temperature dramatically influences the 
conversion of the reaction. The higher the reaction 
temperature, the collisions that occur between the 
reactant particles are higher, causing the reaction to be 
faster and the conversion increases [11, 12]. In this 
esterification reaction of oleic acid catalyzed by 
Amberlyst 15, the reaction temperature was varied from 
30 oC to 60 oC. The reaction temperature should be 
below 64 °C because at temperatures above 64 °C the 
methanol will evaporate, causing contact between 
methanol and oleic acid to be reduced. 

 

Fig. 3. The Effect of Co-solvent Amount on FFA conversion 

 

Fig. 4. Terner Diagram of THF, Methanol and Oil.     Boocock 
Research.      This Research 

From Fig. 5, it can be inferred that the reaction 
temperature greatly affects the conversion of FFA in 
oleic acid esterification. Fig. 5 illustrates the conversion 
of FFA with the interval 15 minutes at reaction time for 
90 minutes. It is clear that the higher the reaction 
temperature, the greater the conversion of the FFA. At 
low temperatures (30 oC), the conversion of FFA is very 
low at 2.3% under steady state. This indicates that at the 
low reaction temperature, the oleic acid esterification is 
difficult. By increasing the reaction temperature to 40 oC 
and 50 oC, there was an increase of FFA conversion by 
9.16% and 17.78% respectively. The highest FFA 
conversion is achieved at 60 with FFA conversion of 
28.57%. In all variations of the reaction temperature, the 
steady state conditions were reached after 60 minutes.  

 

Fig. 5. The Effect of Reaction Temperature on FFA conversion 

3.6. The Effect of Catalyst Reuse 

One of the advantages of heterogeneous catalysts is an 
easy separation process and can repeatedly be used. In 
this study, the heterogeneous catalyst used was 
Amberlyst 15. The catalyst was repeatedly used in oleic 
acid esterification to test the Amberlyst 15 performance. 
In this study, the used catalyst was reused 5 repetitions 
to see the performance of the catalyst regarding repeated 
use of FFA conversion [12, 16].  
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It can be concluded from Fig. 6 that the use of 
Amberlyst 15 in the esterification reaction of oleic acid 
shows a good performance. FFA conversion in steady 
state conditions did not decrease significantly after the 
fourth usage. After the fifth usage, there was a 
significant reduction of FFA conversion from 23.07% to 
15.42%. This indicates that the Amberlyst 15 must 
undergo regeneration after being used 4 times. In 
addition, the decreasing of conversion was possibly due 
to adsorption of water produced during esterification and 
blocked the pores of the catalyst and inhibits the 
catalytic activity. [17]. 

 

Fig. 6. The Effect of Catalyst Reuse on FFA conversion 

4 Conclusions  

The conversion of free fatty acid significantly increases 
by the involvement of THF as a co-solvent. The highest 
FFA conversion of 28.57% was obtained using molar 
ratio methanol to the oleic acid of 25:1, the catalyst of 
10% w/w, THF concentration of 8%, and a reaction 
temperature of 60oC. The steady state was achieved after 
60 minutes. The catalytic activity was maintained after 
four repeated use. 
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