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ABSTRAK: Biodisel adalah metil ester asam lemak yang dihasilkan melalui reaksi 

transesterifikasi antara minyak dan lemak dengan alkohol dalam kehadiran katalis. Dalam 

penelitian ini, pembuatan biodisel dari minyak jelantah dan metanol melalui reaksi 

transesterifikasi telah berhasil dilakukan menggunakan katalis CaO/zeolit alam. Metode 

impregnasi basah dipilih untuk menyintesis katalis dengan cara mengaduk campuran zeolit 

alam dengan CaO dalam sistem refluks pada 90 
o
C selama 3 jam. Jumlah CaO 

terimpregnasi pada zeolit alam adalah 5%wt, 10%wt, dan 15%wt. Karakterisasi katalis 

menggunakan FTIR, XRD, dan N2 sorption analyzer menunjukkan bahwa katalis dengan 

15%wt CaO yang terimpregnasi merupakan katalis yang paling baik. Reaksi 

transesterifikasi dilakukan dalam variasi rasio molar minyak:metanol, waktu reaksi, dan 

jumlah katalis. Analisis menggunakan GC-MS menunjukkan bahwa kandungan biodisel 

didominasi oleh metil palmitat, dan metil oleat. Konversi biodisel tertinggi ditemukan pada 

kondisi rasio minyak:metanol yaitu 1:15, waktu reaksi 5 jam, dan katalis 5%wt. 

 

Kata kunci: biodisel, transesterifikasi, minyak jelantah, CaO, zeolit. 

 

ABSTRACT: Biodiesel is fatty acid methyl esters (FAME) produced by transesterification 

reaction of oils and fats with an alcohol in the presence of a catalyst. In this work, 

production of biodiesel from waste cooking oil and methanol by transesterification reaction 

has been successfully conducted using CaO/natural zeolite catalysts. Wet impregnation 

method was choosen to synthesize the catalyst by stirring the mixture of natural zeolites and 

CaO in reflux apparatus at 90 
o
C for 3 hours. The amount of CaO impregnated into natural 

zeolite were 5%wt, 10%wt, and 15%wt. The catalysts characterization using FTIR, XRD, 

and N2 sorption analyzer showed that catalyst with 15%wt CaO impregnated into zeolites 

was the greatest one. Transesterification reaction was carried out in various oil to methanol 

molar ratio, reaction time, and amount of catalyst. GC-MS analysis confirmed that the 

biodiesel contents were dominated by methyl palmitate and methyl oleate. The highest 

biodiesel conversion was found under condition of 1:15 oil to methanol molar ratio, 5 hours 

of reaction time, and 5%wt of catalyst. 

 

Keywords: biodiesel, transesterification, waste cooking oil, CaO, zeolites. 

 

 

1. INTRODUCTION 

The energy crisis issue has triggered 

many of researchers in the world to 

intensively search alternative fuels and can 

be used to replace fossil fuels. In recent 

years, the production of biodiesel as 

alternative fuel has occurred very fast [1]. 

Biodiesel is fatty acid methyl esters 

(FAME) produced from the 

transesterification reaction of oils and fats 

with an alcohol in the presence of a 

catalyst. It is non-toxic, biodegradable, and 
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free of sulfur or carcinogenic compounds. 

With those properties, biodiesel becomes 

the first choice to replace petrodiesel [2]. 

Transesterification reaction may 

occurred in the presence of an acid or a 

base catalyst, but a base catalyst was found 

to accelerate the reaction faster than an acid 

catalyst and it was also need less attention. 

Therefore, the production of biodiesel from 

oil or fat catalyzed by base was more 

studied than that by acid. Homogenous 

base catalyst was the most frequently used 

in transesterification reaction. According to 

the research conducted by Mirie et al. [3], 

biodiesel yielded by transesterification of 

cotton seed oil using NaOH and KOH 

catalysts were 68.60% and 83.94% 

respectively. 

Despite the use of homogeneous base 

catalysts give a high yield at low 

temperature, but it remains some 

weaknesses such as difficulty in catalyst 

separation from the system, generation of 

large amounts of waste water, reactor 

corrosion, and the catalyst cannot be used 

again after the reaction [4]. Another 

difficulty in the use of homogeneous basic 

catalysts is due to the sensitivity of the free 

fatty acid and water to produce the 

phenomenon of saponification [5]. These 

weaknesses can be overcome with the use 

of heterogeneous base catalyst. This 

catalyst has the advantages of being easily 

separated from the system and can be 

reused [6]. Another advantage of the use of 

heterogeneous base catalyst is the reaction 

does not produce the phenomenon of 

saponification, glycerol purification 

becomes easier, and more tolerant of free 

fatty acids from raw materials [7]. 

Calcium Oxide (CaO) is the most often 

heterogeneous base catalyst often used in 

the transesterification reaction because it 

has properties of high alkalinity, low cost, 

non-corrosive, low solubility and easy to 

prepare from widely available materials of 

natural origin or waste precursors [8]. In 

addition, CaO catalyst is also easily 

separated from the product and it is not 

toxic. Calcium Oxide  shown the excellent 

potential as a catalyst of transesterification 

reaction, but the biodiesel percentage 

yielded was still low [9, 10]. One reason 

might be caused by CaO was large in size, 

so that the surface area of the catalyst was 

relatively small and the particles were not 

well distributed. Some researchers have 

conducted research in order to enlarge the 

surface area of the CaO catalyst. Among 

several methods, the use of support 

materials as a host of CaO has been widely 

investigated. Albuquerque et al. [11] used 

CaO supported on mesoporous silicas 

(SBA-15, MCM-41 and fumed silica) as 

catalysts in transesterification of vegetables 

oil. The results showed that the biodiesel 

conversion was as high as 95% for 

sunflower oil (5 hours) and 65% (1 hour) 

for castor oil. Other results about the use of 

CaO supported on various host materials in 

transesterification reaction were also 

reported [12, 13]. 

This research was aimed to produce 

biodiesel from waste cooking oil using 

CaO/natural zeolite catalysts. The catalyst 

was made by inserting CaO into the natural 

zeolite pores using impregnation method. 

Natural zeolites are alumina-silicate 

polycrystalline known to have pore size in 

the nanometer scale, making it suitable as a 

host material of CaO. The parameters 

tested in this study were the effect of waste 

cooking oil to methanol molar ratio, mass 

of catalyst, reaction time and reaction 

temperature. 

 

2. EXPERIMENTAL DETAILS 

 

2.1 Materials 

Natural zeolites were obtained from 

subdistrict of Bayah, Banten, Indonesia. 

Waste cooking oil was from food merchant 

around of Tabanan, Bali, Indonesia. 

Calcium oxide, ammonium chloride, 

methanol, sodium hydroxide, and 

hydrochloric acid were purchased from 

Merck. All of purchased reagents were 

analytical grade. 

 

2.2 Instrumentation 
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Instruments used in this study were: 

three-necked glass reactor, reflux 

apparatus, magnetic stirrer, glassware, pH 

meter, 200 mesh siever, muffle furnace, 

desiccator, bulb suction, titration 

instrument, filter paper, analytical scale, 

stative, condenser, and thermometer. 

Philips analytical diffractometer, Shimadzu 

8201 FTIR spectrophotometer, 

Quantacrome N2 sorption analyzer were 

used to characterize the catalysts. Gas 

Chromatography-Mass spectrophotometer 

(Shimadzu GCMS-QP2010) was used to 

characterize the biodiesel yield. 

 

2.3 Method 

 

Activation of natural zeolites 

Natural zeolites used in this study were 

200 meshes sized. This material was 

soaked in distilled water while stirring and 

then dried in an oven at a temperature of 

120 °C for 2 hours. The dried natural 

zeolites were then refluxed with addition of 

NH4Cl 1 M at a temperature of 90 °C for 8 

hours. Once completed, the mixture was 

filtered and washed with distilled water 

until pH = 6 and dried in an oven at a 

temperature of 130 
o
C. The solid was 

crushed and placed in a porcelain dish and 

calcined for 4 hours at a temperature of 500 

°C in a muffle furnace. Activated natural 

zeolites were analyzed using FTIR, XRD, 

and N2 sorption analyzer. 

 

Synthesis of the catalysts 

A 50 g of activated natural zeolites and 

100 ml of CaCl2 5 %wt were refluxed at 90 

°C for 3 hours. The mixture was then 

evaporated while stirring in order to obtain 

the solid form. Subsequently, the mixture 

was dried at a temperature of 130 °C for 2 

hours and crushed. The dried catalyst was 

calcined at a temperature of 500 °C for 3 

hours. This synthesized catalyst was 

notified as CaO/NZ5% catalysts. The same 

procedure was also performed for other 

types of catalysts, namely: CaO/NZ10% 

and CaO/NZ15%. The catalysts was further 

characterized by FTIR, XRD and N2 

sorption analyzer. 

 

Transesterification Process 
Transesterification reaction of waste 

cooking oil was conducted following the 

procedure stated by Endalew et al. [14]. 

The molar ratio of waste cooking oil to 

methanol was 1:15. The amount of catalyst 

was 5%wt (Based on the amount of waste 

cooking oil) and the stirring speed was 300 

rpm. Methanol and catalyst were placed in 

three-necked glass reactor. The mixture 

was stirred and heated by using stirring 

hotplate until it reached the temperature of 

60 
o
C. Separately, 100 g of waste cooking 

oil was heated up to  60 
o
C and poured into 

the mixture of methanol and catalyst. The 

final mixture was then refluxed for 7 hours. 

The reaction result was centrifuged at 5700 

rpm to obtain clear sparation. The upper 

phase was collected and evaporated to 

remove methanol phase. GC-MS was used 

to qualitatively measure the biodiesel 

content. Biodiesel yield was calculated 

using the formula below [15]: 

 

%100
%

 x
OilofMass

FAMExBiodieselofMass
YieldBiodiesel 

     

Where % FAME shows the 

concentration of Fatty Acid Methyl Ester 

obtained by GC analysis. The same 

prosedure was also conducted for the 

variation of molar rasio of waste cooking 

oil to methanol (1:6, 1:9, and 1:15), 

reaction time (1, 3, 5, 7, and 9 hours), and 

mass of catalyst (1, 3, 5, 7, and 9 g). 

 

3. RESULTS AND DISCUSSION 

 

3.1 Characterization of the Catalysts 

Fourier Transform Infrared 

Spectroscopy spectra of the CaO/natural 

zeolite are shown in Figure. 1a. Note that 

there are no significant alteration on 

absorption peaks. All of the CaO/natural 

zeolite catalysts show the same 

characteristic with the activated zeolite. 

This result indicates that the structure of 
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natural zeolite was not changed when CaO 

impregnated into natural zeolites. Figure 1b 

exhibits the XRD pattern of CaO/natural 

zeolite catalysts. All of the catalysts have 

the same pattern with natural zeolite even 

after calcination indicates that CaO does 

not alter the mineral structure of natural 

zeolite. In this research, zeolite will restrict 

the growth of CaO crystals and causing the 

CaO particle size become smaller, so that 

increasing the surface area of CaO, as has 

been postulated by Misriyani et al. [16]. It 

can be explained that most of CaO have 

highly dispersed on the surface of natural 

zeolite to form monolayer interaction. 

Thus, the CaO phase did not appear in the 

pattern [17]. 

 

       
 

Figure 1. Characterization of the catalysts: (a) FTIR spectra, (b) XRD pattern 

 

Table 1. Effect of The Amount of CaO on 

Surface Area of Catalysts 

No Variable [unit] 
Surface Area 

[m
2
/g] 

1 

2 

3 

Natural zeolite 

Activated zeolite 

CaO/NZ5% 

35.076 

51.445 

15.201 

4 CaO/NZ10% 15.326 

5 CaO/NZ15% 12.928 

 

Table 1 summarizes the results of the 

surface area of the catalysts. It can be seen 

that the surface area of the catalysts 

decrease as the amount of CaO 

impregnated into natural zeolite increase. 

There are two reasons that can explain this 

phenomenon. First, it is caused by partial 

blocking of the zeolite network by CaO 

particles. Second, it is caused by the filling 

of zeolite pores by CaO particles [11, 17]. 

Thus, the larger the amount of CaO 

impregnated into natural zeolites, the lower 

the surface area of the catalyst. Moreover, 

the pores of zeolite were occupied by CaO 

and dispersed in a particular portion. This 

resulted the decrease of specific surface 

area of zeolite. Based on the data showed in 

Table 1, CaO/NZ15% catalyst was choosen 

for transesterification reaction of waste 

cooking oil. 

 

3.2 Effect of Waste Cooking Oil to 

Methanol Molar Ratio 

Figure 2 shows that the higher the 

amount of methanol, the higher the 

biodiesel percentage. The highest result 

was achieved at 1:15 molar ratio. Further, 

biodiesel percentage decreased when oil to 

methanol molar ratio increased beyond 

1:15. This result was caused by the 

solubility of glycerol as by product of the 

reaction increased. As a consequence, 

glycerol was arduously separated from the 

mixture. The high content of glycerol in the 

mixture can shift back the reaction 

equilibrium to the reactant portion [18]. 

Viriya-empikul et al. [19] reported that the 

reverse transesterification reaction occurs 

between the biodiesel product and glycerol. 

This reaction resulted monoglycerides and 

diglycerides that could homogenize the 

products because its co-solvent behavior. 

(a) (b) 
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Figure 2. Effect of waste cooking oil to 

methanol molar ratio on biodiesel 

percentage 

 

3.3 Effect of Reaction Time 

In this study, the transesterification 

reaction was carried out at different time 

from 1-9 hours. Whereas oil to methanol 

molar ratio, mass of catalyst and reaction 

time was maintained at 1:15, 5 g, and 3 

hours, respectively. The result is shown in 

Figure 3. 

 
Figure 3. Effect of reaction time on 

biodiesel percentage 

 

According to the result shown in 

Figure 3, it can be seen that the biodiesel 

percentage increases with the reaction time 

increases. The highest yield (88.34%) was 

achieved in 5 hours. Subsequently, 

biodiesel yield was decreased steadily 

beyond 5 hours due to increasing 

production of glycerol. Since the 

transesterification reaction was reversible, 

excess glycerol may shifted back the 

equilibrium to the left. Thus, the production 

of biodiesel decreased drastically [20, 21]. 

 

3.4 Effect of Catalyst Mass 

The effect of catalysts mass was 

investigated to find the optimum amount of 

catalyst in biodiesel production. For this 

purpose, mass of catalyst was varied at 1-7 

g. Other variables such as oil to methanol 

molar ratio, reaction time, and reaction 

temperature were kept constant according 

to the previously works. Effect of mass of 

catalyst to biodiesel conversion is depicted 

in Figure 4. It can be seen that the biodiesel 

conversion raises as the amount of catalyst 

increases. The highest biodiesel conversion 

was attained at 5 g of catalyst. Further 

increment of biodiesel conversion was not 

found when excess catalysts were 

introduced. Beyond 5 g, the biodiesel 

conversion was decreased drastically. It 

might be caused by the increase of mixture 

viscosity giving a serious stirring problem. 

Thus, the more powerful stirring was 

needed in order to have high biodiesel 

conversion [22]. In addition, Roschat et al. 

[23] stated that the large amount of catalyst 

loading (beyond 6%wt) would never give a 

high yield of biodiesel because of mass 

transfer of reactants to the catalyst was 

limited, where the mass transfer was the 

determining step of the reaction. 

 
 

Figure 4. Effect of catalyst mass on 

biodiesel percentage 

3.5 Biodiesel Characterization 
Gas Chromatography-Mass spectro- 
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photometer (Shimadzu GCMS-QP2010) 

was used to characterize the biodiesel yield. 

The result of biodiesel analysis using GC-

MS is shown in Table 2. Based on the GC-

MS analysis, biodiesel content was 

dominated by methyl palmitate and methyl 

oleate with retention time of 16.407 and 

18.124 min respectively. 

 

 

Table 2. Quantitative Results of Biodiesel 

Name R. Time m/z Area Height 

Hexadecano

ic acid, 

methyl ester 

16.407 74.0 126429 72050 

9-Octadece 

noic acid 

(Z)-, methyl 
ester 

18.124 55.0 42919 20899 

 

 

4. CONCLUSION 

CaO/natural zeolite catalysts has been 

successfully synthesized using wet 

impregnation method. The FTIR and XRD 

results showed that CaO particles 

impregnated into natural zeolite did not 

affect the structure of zeolite. The surface 

area of the catalysts measured using N2 

sorption analyzer was found decreasing as 

the amount of CaO impregnated into zeolite 

increasing from 15.201 m
2
/g to 12.928 

m
2
/g. Transesterification reaction of waste 

cooking oil yielded the highest biodiesel 

conversion under condition of 1:15 oil to 

methanol molar ratio, 5 hours reaction time, 

and 5%wt of catalyst. 
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