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Biodiesel is an alternative fuel that can be easily produced through 
transesterification with the assistance of a catalyst. Palm oil is a widely utilized 
feedstock for biodiesel production due to its abundant availability. In this study, a 
catalyst was synthesized using chitosan (CS) modified with ethylenediamine 
(EDA) and cross-linked with epichlorohydrin (ECH) for a catalyst heterogeneous 
in transesterification reaction. The resulting product (CS/EDA/ECH) was 
characterized using Fourier-transform infrared spectroscopy (FTIR) and 
scanning electron microscopy (SEM). Its performance was evaluated for biodiesel 
production. The CS/ECH/EDA catalyst achieved optimal reaction conditions with 
5% EDA concentration at room temperature, an oil: methanol ratio of 1:1 (v/v), a 
total volume of 10 mL of oil and methanol, and a catalyst mass of 0.75 grams. The 
methyl esters formed corresponded to the fatty acid content in palm kernel, 
namely methyl palmitate, methyl 9,10-octadecadienoate, methyl oleate, methyl 
12,13-tetradecadienoate, and methyl stearate with the highest methyl ester 
conversion is methyl oleate. The CS/ECH/EDA catalyst exhibited consistent 
performance after three use cycles. 

 

1. Introduction 

Biodiesel results from transesterification between 
vegetable or animal oil and short-chain alcohol, 
facilitated by a catalyst to produce fatty acid alkyl esters 
and glycerol. At the end of the transesterification process, 
a mixture comprising two layers, glycerol and methyl 
esters, is obtained. According to Nasution et al. [1], 
biodiesel offers several advantages, including lower CO, 
NO, and sulfur emissions, making it more 
environmentally friendly. Additionally, the European 
Commission’s Life Cycle Analysis (LCA) in 2013 
demonstrated that biodiesel can reduce greenhouse gas 
effects by approximately 40-50%. Consequently, 
Kementerian Energi dan Sumber Daya Mineral (KESDM) 
Republik Indonesia [2] has been promoting the use of 
vegetable fuels (BBN), such as biodiesel (starting from 
B20 in 2016, B30 in 2020, B35 in 2023, and will increase to 
B40 in 2030 and B50 in 2050). 

Palm oil is a reliable source of vegetable oil due to its 
abundant availability, and it finds application in various 
industries, including food, soap, and alternative fuel 

industries. According to Statista Research Department 
[3], Indonesia is the world’s largest producer and 
exporter of palm oil, with a commodity production of 
approximately 46.2 million tons. The production of 
biodiesel using the transesterification principle requires 
the addition of a catalyst. According to Forzatti and Lietti 
[4], a catalyst is a substance that affects the rate of a 
chemical reaction but remains unchanged at the end. 

Generally, catalysts in the transesterification process 
can be categorized into three types: enzyme, 
homogeneous, and heterogeneous. Enzyme catalysts are 
less favored due to the high cost of raw materials, limited 
interaction with short-chain alcohols, and susceptibility 
to denaturation. Homogeneous catalysts typically exhibit 
high activity and selectivity. However, their use presents 
drawbacks, such as difficulties in separation, 
regeneration, and water generation when using alkaline 
catalysts, which can trigger saponification reactions and 
decrease the biodiesel yield. 

Heterogeneous catalysts are catalysts with a 
different phase than the reactants. Heterogeneous 
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catalysts are widely favored in the transesterification 
process due to their ease of regeneration and separation 
and their cost-effectiveness resulting from their ability to 
be reused. In principle, the use of catalysts has an 
important role in the formation of nucleophilic alkoxides 
from alcohol to attack the electrophilic carbonyl group in 
triglycerides, which causes the triglycerides to break up 
and form glycerol and methyl esters [5]. Therefore, the 
presence of a catalyst will increase the amount of 
biodiesel product. They offer advantages such as easy 
separation based on phase differences, renewability, and 
reusability. Commonly used catalysts include Na2O/Al2O3 
[6], SO42-/ZnO [7], and Na2O/Fe3O4 [8]. However, these 
catalysts have the disadvantage of being difficult to 
regenerate. One approach to overcoming this limitation is 
developing easily regenerative catalysts derived from 
natural materials. 

Chitosan (CS) is a derivative of chitin obtained from 
shrimp shell waste. It possesses hydrophilic, 
biocompatible, non-toxic, and environmentally friendly 
properties. CS finds numerous applications, such as CO2 
separation from vehicle emissions to mitigate 
greenhouse gas effects [9], bio-adsorption for the 
removal of nitrogen-containing pollutants in wastewater 
[10], and catalyst in biodiesel production [11]. The amine 
groups in CS play a catalytic role in transesterification. 
However, CS has limited and non-free amine groups, 
leading to suboptimal catalytic performance. 

Modification using a base such as ethylenediamine 
(EDA) has the potential to enhance the performance of CS. 
Epichlorohydrin (ECH), which can react with hydroxyl 
and amine groups, was used as a linker between CS and 
EDA. In this study, biodiesel was produced through 
a transesterification reaction with the addition of 
a synthesized CS/ECH/EDA catalyst to increase methyl 
esters. Catalyst performance was evaluated by 
parameters of EDA concentration, reaction temperature, 
oil: MeOH ratio, and the number of catalysts. The 
CS/ECH/EDA catalyst was also tested for its regeneration 
ability. The synthesis catalyst was characterized using 
FTIR to identify the functional groups produced by 
modified CS and SEM to observe changes in catalyst 
morphology. The performance of the catalyst was 
evaluated by comparing the number of methyl esters 
measured using GC-FID. 

2. Experimental 

This research was conducted in several stages, 
starting with the synthesis of modified CS and new CS 
bead catalysts, followed by the characterization of the 
catalysts. The synthesized catalyst was then applied to the 
biodiesel synthesis process, and the performance was 
evaluated using GC-FID. 

2.1. Materials 

The materials used in this study were chitosan from 
shrimp shells (Himedia, DD > 75%), epichlorohydrin 
(Sigma Aldrich, 99%), ethylenediamine (Sigma Aldrich, 
99%), palm oil (40 g/100 mL saturated fat), methanol 
(Merck, 99.9%), acetic acid (Merck, 99.8%), and sodium 
hydroxide (Merck, MW 39.997 g/mol). All chemicals used 

were of analytical grade, excluding palm oil, a 
commercially available household-use product. 

2.2. Catalyst Preparation 

Chitosan (CS) beads were prepared by dissolving 
a certain amount of chitosan in a 1% acetic acid solution. 
The mixture was then drop-casted into a 1 M NaOH 
solution while stirring. The formed beads were rinsed 
with distilled water and air-dried. These resulting beads 
were referred to as CS catalyst beads. For the modified CS 
catalyst beads, the wet CS beads were soaked in a 5% 
epichlorohydrin (ECH) solution for 5 hours at 60°C. The 
modified CS beads were rinsed and air-dried. 
Subsequently, the dried catalyst beads were further 
modified by immersing them in an ethylenediamine 
(EDA) solution with varying concentrations for 12 hours 
at 60°C. After immersion, the beads were rinsed with 
distilled water and air-dried. The dried beads were called 
CS/ECH/EDA catalyst beads. 

2.3. Materials Characterization 

Before and after contact, the synthesis catalyst 
beads, including CS, CS/ECH, and CS/ECH/EDA, were 
characterized using FT-IR Prestige-21 (Shimadzu, Japan) 
with the technology of KBr pellet over the wavenumber 
range 4000-450 cm-1. A scanning electron microscope 
(JEOL JSM-6510 LA) was used to observe the surface 
morphology of materials. The synthesized biodiesel was 
analyzed using an Agilent 5977B GC/MSD instrument to 
identify the biodiesel compound content and an Agilent 
7820A GC-FID instrument to determine the total area 
under the methyl ester peak. 

2.4. Schema Process of Biodiesel Synthesis 

In this research, the catalyst beads that have been 
produced are applied for biodiesel production through the 
transesterification reaction of palm oil with methanol 
with certain reaction parameters as in Schema 1. 

 

Schema 1. General process of biodiesel synthesis 

2.5. Characterization of Palm Oil 

Before reacting, the oil samples were characterized 
for water content and free fatty acid based on SNI 
01- 5009.12-2001 regarding biodiesel. The quality of 
palm oil lies in its water content and free fatty acid. The 
higher water content and free fatty acid indicate low oil 
quality. Determination of water content could be 
determined through Eq. (1). 

 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =  
𝑊1−𝑊2

𝑊0
× 100% Eq. (1) 

Determination of free fatty acid could be determined 
through Eq. (2). 

 𝑓𝑟𝑒𝑒 𝑓𝑎𝑡𝑡𝑦 𝑎𝑐𝑖𝑑 =  
𝑚𝑙 𝐾𝑂𝐻 × 𝑁 𝐾𝑂𝐻 × 𝑚𝑟 𝐾𝑂𝐻

𝑤 𝑠𝑎𝑚𝑝𝑙𝑒
 Eq. (2) 
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2.6. Effect of Parameters on Transesterification 
Reaction 

In each parameter of the transesterification reaction, 
the total area of the resulting methyl ester is calculated to 
see the effect of each parameter using Formula (1). 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 𝑚𝑒𝑡ℎ𝑦𝑙 𝑒𝑠𝑡𝑒𝑟 = 𝑎𝑟𝑒𝑎 𝑝𝑒𝑎𝑘 1 +  𝑎𝑟𝑒𝑎 𝑝𝑒𝑎𝑘 2 + ⋯ +

𝑎𝑟𝑒𝑎 𝑝𝑒𝑎𝑘 𝑛  Formula (1) 

2.6.1. EDA Concentration 

The synthesized catalysts were applied as catalysts in 
biodiesel synthesis. A certain amount of palm oil was 
mixed with methanol at 1:0.25 (v/v) with a total volume of 
10 mL. Then, 0.5 grams of CS/ECH/EDA catalyst with 
varying EDA concentrations of 1%, 3%, and 5% were 
added and stirred for 90 minutes at room temperature 
using a magnetic stirrer. The samples were then 
separated using a separating funnel and measured using 
GC-FID. 

2.6.2. Reaction Temperature 

A 0.5 gram CS/ECH/EDA catalyst with a 5% EDA 
concentration was mixed with a certain amount of palm 
oil and methanol at 1:0.25 (v/v) with a total volume of 10 
mL. The mixture was stirred using a magnetic stirrer for 
90 minutes at various temperatures, including room 
temperature, 40°C, 50°C, and 60°C. The samples were 
then separated using a separating funnel and measured 
using GC-FID. 

2.6.3. Volume Ratio (Oil: MeOH) 

A total of 0.5 grams of CS/ECH/EDA catalyst with 
a 5% EDA concentration was mixed with a certain amount 
of palm oil and methanol at various volume ratios oil: 
MeOH of (v/v) 1:0.25, 1:0.5, 1:1, 1:1.5, 1:1.25, with a total 
volume of 10 mL. The mixture was stirred using 
a magnetic stirrer for 90 minutes at room temperature. 
The samples were then separated using a separating 
funnel and measured using GC-FID. 

2.6.4. Mass of Catalyst 

The CS/ECH/EDA catalyst with a 5% EDA 
concentration was mixed with palm oil and methanol at 
a 1:1 (v/v) ratio with varying masses of 0.25, 0.5, 0.75, 1, 
and 1.25 grams in a total volume of 10 mL. The mixture 
was stirred using a magnetic stirrer for 90 minutes at 
room temperature. The samples were then separated 
using a separating funnel and measured using GC-FID. 

2.7. Gas Chromatography Measurement Parameters 

The synthesized biodiesel was analyzed using gas 
chromatography (GC) (GS-MS Agilent 5977B GC/MSD 
and GS-FID Agilent 7820A) with an Agilent 190915-433 
HP-5 ms column (GC-MS) and Agilent 7820A HP-5 
column (GC-FID) with dimensions of 30 µm × 250 µm × 
0.25 µm. The oven parameters were set by starting at 
140°C, a rate of 5°C/minute from 140°C to 300°C, and 
a hold time of 5 minutes. A sample volume of 1 µL was 
injected into the column for analysis. The biodiesel 
conversion was calculated based on the total area of the 
methyl ester compounds produced. In GS-MS, the 
separated compounds based on boiling points were 

identified by the Mass Spectroscopy (MS) detector by 
comparing each peak’s fragmentation pattern with the 
MS database. 

3. Results and Discussion 

Palm oil was first characterized before reacting with 
methanol and a catalyst to obtain methyl ester through 
a catalytic transesterification reaction. The high water 
content and free fatty acids cause hydrolysis, which will 
change the oil into free fatty acids, causing rancidity [12] 
and causing the formation of soap, which will complicate 
the process of separating methyl ester from glycerol 
because of its emulsifying properties [13]. The maximum 
water content in the sample before being synthesized is 
<5% – sample weight. The maximum level of free fatty 
acids is 0.8 mg-KOH/gram sample. The experimental 
results found that the water content of the palm oil used 
was 0.130% and 0.3020 mg KOH/g for FFA. This indicates 
that the sample is ready to be synthesized. 

The performances of the CS and modified CS 
catalysts were evaluated based on the total area of methyl 
esters produced. In the initial stage, GC-MS analysis was 
conducted to identify the main methyl ester compounds, 
which served as the basis for calculations. Methyl esters 
were produced by reacting palm oil with methanol in 
a 1:1 (v/v) ratio, using 0.75 grams of CS/ECH/EDA catalyst. 
Palm oil contains primary fatty acids such as palmitic, 
linoleic, oleic, and stearic [14]. The GC-MS results 
indicated the presence of methyl ester compounds 
resulting from the transesterification reaction of palm 
oil, as shown in Table 1, which can be used for further 
calculations. 

Table 1. Comparison of retention time and biodiesel 
composition 

Compound Empirical 
formula 

Retention time 
(min) % 

methyl 
ester GC-

MS 
GC-
FID 

Methyl palmitate C17H34O2 15.617 15.026 36.415 

Methyl 9,10-
octadecadienoate C19H34O2 18.789 18.054 9.781 

Methyl oleate C19H36O2 18.906 18.191 39.845 

Methyl 12,13-
tetradecadienoate C15H26O2 19.078 18.278 4.029 

Methyl stearate C19H38O2 19.354 18.634 9.928 

Quantitative analysis was performed using GC-FID 
due to its comparable accuracy to GC-MS but at a lower 
cost. The performance comparison between GC-MS and 
GC-FID under the same conditions can be seen in Figure 1. 
The four main peaks used for analysis were well detected 
using GC-FID. The identified major methyl ester 
compounds and the retention time comparison between 
GC-MS and GC-FID are shown in Table 1. 

As anticipated, an increase in the number of amine 
groups with basic properties enhances the ability of 
CS/ECH/EDA catalyst to catalyze the transesterification 
reaction. Adding amine groups (-NH) to the CS/ECH/EDA 
catalyst increases the number of active sites. The added 
amine groups promote the formation of alkoxides from 
methanol and contribute to the increased production of 
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methyl esters [15]. ECH enables EDA to bind throughout 
the CS structure, allowing for a maximum of five amine 
groups per CS molecule. 

 

Figure 1. Comparison of retention time GC-MS and 
GC- FID 

As shown in Figure 2, the concentration of 5% EDA 
exhibits the best catalytic performance. Lower 
concentrations of EDA result in lower catalytic activity. 
On the other hand, higher concentrations make the beads 
fragile, rendering them unsuitable for catalysis. Adding 
amine groups enhances the solubility of modified CS 
polymer in water, leading to the instability of the formed 
beads. In the transesterification reaction, temperature is 
also a determining factor in converting triglycerides to 
methyl esters. Conducting the synthesis 
transesterification reaction at temperatures below 65°C is 
preferable, as temperatures outside this range can lead to 
saponification reactions during biodiesel production, 
resulting in decreased density values and reduced 
biodiesel conversion rates [16]. 

 

Figure 2. Effect of EDA concentration on the total area of 
the methyl ester area 

Figure 3 illustrates that the CS/ECH/EDA catalyst 
performance is relatively unaffected by temperature 
variations [14, 15], thus requiring a higher reaction 
temperature to convert palm oil into biodiesel using an 
alkaline catalyst [16]. Therefore, a CaO-based catalyst 
was used, achieving optimal results at 65°C for the same 
reaction. This indicates the advantage of the CS/ECH/EDA 
catalyst, which can be applied at room temperature while 

exhibiting superior transesterification performance. 
Conducting the reaction at room temperature offers 
economic and safety benefits and facilitates handling the 
resulting products. 

 

Figure 3. Effect of reaction temperature on the total area 
of the methyl ester area 

The molar ratio of oil to methanol is an important 
parameter that influences the level of biodiesel 
conversion. The effect of the oil-to-methanol ratio on 
transesterification has been previously discussed by 
Musa [17], who observed an increase in methyl ester 
production at an oil-to-methanol molar ratio of 1:12 
compared to a ratio of 1:6. Similarly, in the study by Unlu 
et al. [18], transesterification was conducted using alcohol 
and oleic acid with methanol as the alcohol source, and a 
cellulose-based membrane catalyst. It was found that 
increasing the oil-to-methanol ratio also increased the 
conversion of methyl ester, with a maximum oil-to-
methanol molar ratio of 1:9. Therefore, increasing the oil-
to-methanol ratio enhances the biodiesel conversion 
yield. 

 

Figure 4. Effect of ratio oil: MeOH on the total area of the 
methyl ester area 

In Figure 4, it can be observed that the reaction of 
a certain amount of oil as a source of triglycerides with the 
addition of a specific amount of methanol as a source of 
short-chain alcohol leads to the production of methyl 
esters as the main component of biodiesel. The optimal 
oil-to-methanol ratio for transesterification reactions 
was 1:1 (v/v). With a lower amount of methanol, the 
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transesterification reaction is not optimal, as methanol 
becomes the limiting reagent. On the other hand, with a 
higher amount of methanol, the limiting reagent 
becomes palm oil. Theoretically, this reaction requires a 
molar ratio of oil to methanol 1:3. 

It has been reported that the amount of catalyst used 
in transesterification processes, whether homogeneous 
or heterogeneous, affects the yield of methyl esters [19]. 
The effect of catalyst addition was investigated within the 
0.25-1.25 grams range. Figure 5 demonstrates the 
optimum condition when using 0.75 grams of catalyst. In 
principle, adding homogeneous and heterogeneous 
catalysts in transesterification reactions promotes the 
formation of nucleophilic alkoxides from alcohol to 
attack the electrophilic carbonyl group in triglycerides 
[5]. 

 

Figure 5. Effect of mass catalyst on the total area of the 
methyl ester area 

The previously described mechanism is more likely 
to occur as the amount of catalyst used increases, thus 
increasing the number of products. However, when the 
catalyst amount exceeds 0.75 grams, a decrease in 
transesterification performance is observed. This can be 
attributed to the rapid reaction of all reactants with the 
catalyst, resulting in unreacted by-products that cover 
the catalyst surface. In practical applications, the mass 
range of 0.75 to 1.00 grams can be considered an option, 
as the difference in performance is only around 1.71%. 

Ideally, heterogeneous catalysts have the advantage 
of being reusable. The performance of the CS/ECH 
catalyst in transesterification has been tested for up to 
5 uses, as shown in Figure 6. The catalyst’s performance 
remains relatively consistent until the 3rd use. In 
contrast, on the 4th use, it retains approximately 77% of 
its initial performance and remains relatively stable on 
the 5th use. This may be attributed to blocking of active 
sites by oil and biodiesel. Despite the decrease in 
performance, this catalyst is still superior to 
homogeneous catalysts as it can produce 4.5 times more 
product even up to the 5th use. When compared to other 
transesterification catalysts, such as acid-modified 
chitosan catalyst [20], which experienced a decrease in 
catalyst performance by 10% on the 2nd use and 43.84% 
on the 5th use, it can be concluded that the CS/ECH/EDA 
catalyst has excellent reusability capabilities. 

 

Figure 6. Effect reusability on the total area of the 
methyl ester area 

This study also compared the performance of CS 
beads, CS/ECH beads, and CS/ECH/EDA beads for 
transesterifying palm oil into biodiesel under optimum 
conditions. Figure 7 shows that the CS/ECH/EDA beads 
catalyst has the highest total area of methyl esters. The 
increase in the total area of methyl esters on CS/ECH/EDA 
beads is eight times greater than CS beads and 7.5 times 
greater than CS/ECH beads. This demonstrates that 
adding EDA as an amine source is the most crucial factor 
in catalyst synthesis. The resulting product exhibited 
spherical granules with a distinct yellowish color for the 
CS/ECH/EDA catalyst, compared to CS and CS/ECH. 
Additionally, the CS/ECH/EDA catalyst appeared larger, 
ranging around 0.1 cm, in contrast to CS and CS/ECH. 
These physical changes indicate the successful 
modification of chitosan. 

 

Figure 7. Comparison of catalyst to the total area of the 
methyl ester area 

The modification process primarily targeted the 
hydroxyl (-OH) groups of chitosan, opening epoxy groups 
in epichlorohydrin (ECH) through the attack of chitosan’s 
hydroxyl groups. The presence of halide groups in ECH 
facilitated its modification with ethylenediamine (EDA), 
as the halide groups, mainly -OH, act as good leaving 
groups. The reaction between CS/ECH/EDA was evidenced 
in Figure 8, as confirmed by FTIR characterization. 
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Figure 8. Structure of CS/ECH/EDA catalyst and visuals 
of (a) CS, (b) CS/ECH, (c) CS/ECH/EDA catalyst beads 

The FTIR spectra of CS, CS/ECH, and CS/ECH/EDA 
displayed characteristic absorbance peaks, including the 
-OH stretching at 3415 cm-1 and the C-H stretching at 
2898 cm-1 [21]. The addition of EDA to the CS/ECH 
modification resulted in an increased presence of amine 
groups attached to chitosan. This increase was 
demonstrated by the emergence of peaks around 
1655 cm−1 (primary N-H vibration) and 1566 cm-1 
(secondary N-H vibration). Similar results were obtained 
in the study conducted by Zhou et al. [22]. 
CS microspheres modified with ECH were used as Hg(II) 
adsorbents in water, showing comparable FTIR spectra to 
the CS/ECH/EDA catalyst synthesis. 

In Figure 9, with the modification of the chitosan 
structure, the shape of the catalyst is more spherical. This 
is because the CS structure after modification is 
increasingly rigid due to ECH and EDA, which are bound 
to the catalyst. 

 

Figure 9. FTIR spectra of the synthesized catalyst 

The CS/ECH and CS/ECH/EDA beads relatively do not 
experience shrinkage (Figure 10) as experienced by CS 
beads due to the drying process. This is due to the 
presence of cross-links formed between CS polymers 
with the help of ECH. This has the potential to increase the 
durability of the catalyst for multiple cycles of use, as 
shown by the results of the catalyst’s repeated usage. 

 

Figure 10. SEM images of catalyst beads (A) CS, 
(B) CS/ECH, (C) CS/ECH/EDA 

Figure 11 also demonstrates increased peaks in the 
2852–2915 cm-1 range, indicating other compounds on 
the catalyst surface. Compared to the peaks of biodiesel 
and palm oil, it can be speculated that they correspond to 
residual biodiesel and palm oil adsorbed on the catalyst 
surface. 

 

Figure 11. FTIR spectra of CS/ECH/EDA catalyst before 
and after contact 

In Figure 12, there is no difference in morphology 
between the catalyst before and after contact. The only 
noticeable distinction is that the catalyst, after contact, 
exhibits a smoother surface compared to its pre-contact 
state. This is because there is still residual oil from the 
biodiesel synthesis reaction on the surface of the catalyst. 
Therefore, it can be concluded that the CS/ECH/EDA 
granular catalyst did not change physically. 

 

Figure 12. SEM images of CS/ECH/EDA catalysts 
(A) before and (B) after contact 

 

(A) 
 

(B) 
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Figure 13 shows a noticeable difference in absorbance 
in the 1500–1000 cm-1 region between the palm oil used 
and the synthesis biodiesel. The palm oil exhibits an 
absorbance peak at 1738 cm-1, corresponding to the C=O 
vibration. This finding is consistent with the results 
reported by Samanta and Sahoo [23] in their IR spectrum 
shown in Figure 13. In the synthesized biodiesel, there is 
an additional absorbance peak at 1193 cm-1, which 
corresponds to the O-CH3 vibration, and at 1440 cm-1, 
which corresponds to the CH3 vibration. Both of these 
peaks are characteristic absorptions of biodiesel. These 
results are consistent with the findings reported by 
Marwan et al. [24], who also observed an absorbance peak 
at 1435 cm-1 corresponding to the CH3 vibration 
(a characteristic of biodiesel). 

 

Figure 13. The IR spectra of oil, synthesized biodiesel, 
and commercial biodiesel 

Table 2 shows a comparison of the performance of 
the present work with literature data on different 
catalysts for biodiesel production from different 
feedstock. 

Table 2. Comparison of different catalysts for biodiesel 
production from different feedstock 
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Acidic chitosan 
membrane 

Oleic acid 10% Methanol 1:20 69 120 [20] 

Zeolite/chitosan 
Waste 

cooking oil 
(WCO) 

- Methanol 1:7 25 180 [25] 

NaOH/ 

Chitosan-Fe3O4 

Waste 
cooking oil 

(WCO) 
0.5 Methanol 1:6 65 270 [26] 

Guanidinylated 
chitosan 

Soybean oil 20 Methanol 1:2.5 60 360 [11] 

CC/ECH/EDA Palm oil 7.5 Methanol 1:1 25 90 
This 
work 

4. Conclusion 

The CS/ECH/EDA catalyst in the form of beads was 
successfully prepared and characterized using FTIR and 
SEM. The optimized conditions for the catalyst were 
determined to be a reaction with 5% EDA concentration, 
an oil: methanol ratio of 1:1 (v/v), 0.75 grams of catalyst 

mass, a reaction at 25°C, and a total substrate volume of 
10 mL. Based on GC-FID analysis, the CS/ECH/EDA 
catalyst significantly increased the total area of methyl 
esters by eight times compared to the CS catalyst and 
7.5 times compared to the CS/ECH catalyst. The 
synthesized biodiesel exhibited similar characteristics to 
commercial biodiesel. The composition of the produced 
biodiesel consisted of methyl palmitate, methyl 
9,10- octadecadienoate, methyl oleate, methyl 
12,13- tetradecadienoate, and methyl stearate, which are 
common fatty acid compositions found in palm oil. 
Remarkably, the CS/ECH/EDA catalyst demonstrated 
superior performance, resulting in a 4.5 times higher 
product yield than the transesterification reaction 
conducted without any catalyst, even after five cycles of 
usage. 

Acknowledgment 

The author would like to express gratitude towards 
Institut Teknologi Bandung, Faculty of Mathematics and 
Natural Sciences, Department of Chemistry, for 
facilitating this work. 

References 

[1] M. Ansori Nasution, Tjahyono Herawan, D. Damoko, 
Pengaruh Penggunaan Bahan Bakar Biodiesel Sawit 
terhadap Power, Tingkat Emisi dan Konsumsi Bahan 
Bakar Kendaraan, Konferensi Nasional 2007 - 
Pemanfaatan Hasil Samping Industri Biodiesel dan 
lndusti Etanol serta Peluang Pengembangan lndustri 
lntegratednya, Jakarta, 2007  

[2] Kementerian Energi dan Sumber Daya Mineral 
(KESDM) Republik Indonesia, in: A. Pribadi (Ed.), 
Kementerian Energi dan Sumber Daya Mineral 
(ESDM), 2023,  https://www.esdm.go.id/id/media-
center/arsip-berita/era-baru-bbn-indonesia-
siap-implementasikan-b35 

[3] Statista Research Department, in, Statista Research 
Department, 2022,  
https://www.statista.com/statistics/706786/produc
tion-of-palm-oil-in-indonesia/ 

[4] Pio Forzatti, Luca Lietti, Catalyst deactivation, 
Catalysis Today, 52, 2-3, (1999), 165-181 
https://doi.org/10.1016/S0920-5861(99)00074-7 

[5] Muthusamy Balajii, Subramaniapillai Niju, Biochar-
derived heterogeneous catalysts for biodiesel 
production, Environmental Chemistry Letters, 17, 
(2019), 1447-1469 https://doi.org/10.1007/s10311-
019-00885-x 

[6] Yingming Chen, Xiaodong Chen, Junhua Peng, 
Soybean Oil-based Biodiesel Production Catalyzed 
with Na2O/Al2O3, 2011 Fourth International Conference 
on Intelligent Computation Technology and 
Automation, 2011 
https://doi.org/10.1109/ICICTA.2011.337 

[7] D. A. Rahmawati, D. Intaningrum, Istadi Istadi, 
Pembuatan dan Karakterisasi Katalis Heterogen 
SO42--ZnO dan SO42-/ZnO dengan Metode 
Kopresipitasi dan Impregnasi untuk Produksi 
Biodiesel dari Minyak Kedelai, Jurnal Teknologi Kimia 
dan Industri, 2, 4, (2013), 243-252  

[8] Rozanna Sri Irianty, Komalasari, Edy Saputra, 
Pengaruh Rasio Molar Minyak Goreng Bekas dan 
Methanol dalam produksi Biodisel dengan 

https://www.esdm.go.id/id/media-center/arsip-berita/era-baru-bbn-indonesia-siap-implementasikan-b35
https://www.esdm.go.id/id/media-center/arsip-berita/era-baru-bbn-indonesia-siap-implementasikan-b35
https://www.esdm.go.id/id/media-center/arsip-berita/era-baru-bbn-indonesia-siap-implementasikan-b35
https://www.statista.com/statistics/706786/production-of-palm-oil-in-indonesia/
https://www.statista.com/statistics/706786/production-of-palm-oil-in-indonesia/
https://doi.org/10.1016/S0920-5861(99)00074-7
https://doi.org/10.1007/s10311-019-00885-x
https://doi.org/10.1007/s10311-019-00885-x
https://doi.org/10.1109/ICICTA.2011.337


 Jurnal Kimia Sains dan Aplikasi 26 (6) (2023): 230–237 237 

Menggunakan Katalis Heterogen Na2O/Fe3O4, 
Seminar Nasional Teknik Kimia Topi Tahun 2016, 
Pekanbaru, 2017  

[9] Rajashree Borgohain, Upamanyu Pattnaik, Babul 
Prasad, Bishnupada Mandal, A review on chitosan-
based membranes for sustainable CO2 separation 
applications: Mechanism, issues, and the way 
forward, Carbohydrate Polymers, 267, (2021), 118178 
https://doi.org/10.1016/j.carbpol.2021.118178 

[10] Mina Keshvardoostchokami, Mahyar Majidi, 
Abbasali Zamani, Bo Liu, A review on the use of 
chitosan and chitosan derivatives as the bio-
adsorbents for the water treatment: Removal of 
nitrogen-containing pollutants, Carbohydrate 
Polymers, 273, (2021), 118625 
https://doi.org/10.1016/j.carbpol.2021.118625 

[11] Benqiao He, Yixuan Shao, Mengzhu Liang, Jianxin 
Li, Yu Cheng, Biodiesel production from soybean oil 
by guanidinylated chitosan, Fuel, 159, (2015), 33-39 
https://doi.org/10.1016/j.fuel.2015.06.038 

[12] S. Ketaren, Pengantar teknologi minyak dan lemak 
pangan, UI Press, Jakarta, 1986,  

[13] Ardi Makalalag, Pembuatan metil ester dari minyak 
kelapa, Jurnal Penelitian Teknologi Industri, 10, 2, 
(2018), 67-74 
http://dx.doi.org/10.33749/jpti.v10i2.4375 

[14] Folahan O. Ayorinde, Karen Garvin, Kamal Saeed, 
Determination of the fatty acid composition of 
saponified vegetable oils using matrix ‐ assisted 
laser desorption/ionization time‐of‐ flight mass 
spectrometry, Rapid Communications in Mass 
Spectrometry, 14, 7, (2000), 608-615 
https://doi.org/10.1002/(SICI)1097-
0231(20000415)14:7<608::AID-RCM918>3.0.CO;2-
4 

[15] Aminul Islam, Yun Hin Taufiq-Yap, Chi-Ming Chu, 
Eng-Seng Chan, Pogaku Ravindra, Studies on design 
of heterogeneous catalysts for biodiesel production, 
Process Safety and Environmental Protection, 91, 1-2, 
(2013), 131-144 
https://doi.org/10.1016/j.psep.2012.01.002 

[16] T. Eevera, K. Rajendran, S. Saradha, Biodiesel 
production process optimization and 
characterization to assess the suitability of the 
product for varied environmental conditions, 
Renewable Energy, 34, 3, (2009), 762-765 
https://doi.org/10.1016/j.renene.2008.04.006 

[17] Idris Atadashi Musa, The effects of alcohol to oil 
molar ratios and the type of alcohol on biodiesel 
production using transesterification process, 
Egyptian Journal of Petroleum, 25, 1, (2016), 21-31 
https://doi.org/10.1016/j.ejpe.2015.06.007 

[18] Derya Unlu, Fİlİz Nigiz, Nİlüfer Hİlmİoğlu, Biodiesel 
from Oleic Acid by Green Catalyst, Acta Physica 
Polonica A, 132, 3, (2017), 689-692 
http://doi.org/10.12693/APhysPolA.132.689 

[19] Kornkanok Watcharathamrongkul, Bunjerd 
Jongsomjit, Muenduen Phisalaphong, Calcium oxide 
based catalysts for ethanolysis of soybean oil, 
Songklanakarin Journal of Science and Technology, 32, 
6, (2010), 627-634  

[20] Nisakorn Saengprachum, Dongren Cai, Mantian Li, 
Ling Li, Xiaocheng Lin, Ting Qiu, Acidic chitosan 
membrane as an efficient catalyst for biodiesel 

production from oleic acid, Renewable Energy, 143, 
(2019), 1488-1499 
https://doi.org/10.1016/j.renene.2019.05.101 

[21] Tri Hariyadi, Pengaruh Suhu Operasi terhadap 
Penentuan Karakteristik Pengeringan Busa Sari 
Buah Tomat Menggunakan Tray Dryer, Jurnal 
Rekayasa Proses, 12, 2, (2018), 104-113 
https://doi.org/10.22146/jrekpros.39019 

[22] Limin Zhou, Zhirong Liu, Jinhui Liu, Qunwu Huang, 
Adsorption of Hg (II) from aqueous solution by 
ethylenediamine-modified magnetic crosslinking 
chitosan microspheres, Desalination, 258, 1-3, 
(2010), 41-47 
https://doi.org/10.1016/j.desal.2010.03.051 

[23] Suprakash Samanta, Rashmi R. Sahoo, Waste 
Cooking (Palm) Oil as an Economical Source of 
Biodiesel Production for Alternative Green Fuel and 
Efficient Lubricant, BioEnergy Research, 14, (2021), 
163-174 https://doi.org/10.1007/s12155-020-
10162-3 

[24] Marwan, Suhendrayatna, E. Indarti, Preparation of 
Biodiesel from Microalgae and Palm Oil by Direct 
Transesterification in a Batch Microwave Reactor, 
Journal of Physics: Conference Series, 2015 
https://www.doi.org/10.1088/1742-
6596/622/1/012040 

[25] Leila Fereidooni, Mehdi Mehrpooya, Experimental 
assessment of electrolysis method in production of 
biodiesel from waste cooking oil using 
zeolite/chitosan catalyst with a focus on waste 
biorefinery, Energy Conversion and Management, 147, 
(2017), 145-154 
https://doi.org/10.1016/j.enconman.2017.05.051 

[26] Maryam Helmi, Alireza Hemmati, Synthesis of 
magnetically solid base catalyst of NaOH/Chitosan-
Fe3O4 for biodiesel production from waste cooking 
oil: Optimization, kinetics and thermodynamic 
studies, Energy Conversion and Management, 248, 
(2021), 114807 
https://doi.org/10.1016/j.enconman.2021.114807 

 

https://doi.org/10.1016/j.carbpol.2021.118178
https://doi.org/10.1016/j.carbpol.2021.118625
https://doi.org/10.1016/j.fuel.2015.06.038
http://dx.doi.org/10.33749/jpti.v10i2.4375
https://doi.org/10.1002/(SICI)1097-0231(20000415)14:7
https://doi.org/10.1002/(SICI)1097-0231(20000415)14:7
https://doi.org/10.1016/j.psep.2012.01.002
https://doi.org/10.1016/j.renene.2008.04.006
https://doi.org/10.1016/j.ejpe.2015.06.007
http://doi.org/10.12693/APhysPolA.132.689
https://doi.org/10.1016/j.renene.2019.05.101
https://doi.org/10.22146/jrekpros.39019
https://doi.org/10.1016/j.desal.2010.03.051
https://doi.org/10.1007/s12155-020-10162-3
https://doi.org/10.1007/s12155-020-10162-3
https://www.doi.org/10.1088/1742-6596/622/1/012040
https://www.doi.org/10.1088/1742-6596/622/1/012040
https://doi.org/10.1016/j.enconman.2017.05.051
https://doi.org/10.1016/j.enconman.2021.114807

	Synthesis of Ethylenediamine Modified Chitosan Beads for Biodiesel Production Catalyst: A Preliminary Study
	1. Introduction
	2. Experimental
	2.1. Materials
	2.2. Catalyst Preparation
	2.3. Materials Characterization
	2.4. Schema Process of Biodiesel Synthesis
	2.5. Characterization of Palm Oil
	2.6. Effect of Parameters on Transesterification Reaction
	2.6.1. EDA Concentration
	2.6.2. Reaction Temperature
	2.6.3. Volume Ratio (Oil: MeOH)
	2.6.4. Mass of Catalyst

	2.7. Gas Chromatography Measurement Parameters

	3. Results and Discussion
	4. Conclusion
	Acknowledgment
	References


