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Abstract 

In this study, waste cooking oil (WCO) was used to produce biodiesel using KOH supported on alumina (KOH/Al2O3) as the 

catalyst. Three parameters were studied to find the optimum conditions which are catalyst loading, reaction time and the 

reusability of the catalyst. Al2O3 was impregnated with KOH and characterized using thermogravimetric analyzer (TGA) before 

the catalyst was calcined at 700 ˚C for 3 hours. The reaction was refluxed with constant conditions at the temperature of 65 ˚C, 

10% of KOH-Al2O3, and methanol to oil ratio of 12:1 for 3 hours. The reaction time was studied using optimum catalyst loading 

which was 7 wt.% of catalyst amount and the reaction varied from 1-hour to 4-hour reaction. The highest yield of biodiesel 

obtained was 73.7% in 2 hours of reaction. At the end of the study, the reusability of the catalyst was studied. Three cycles of 

reaction were done using the used catalyst from the previous 2-hours reaction of yield determination and the result found a 

decreasing pattern of yield after 4 cycles of reaction. Hence, the optimal conditions for this catalyst were reaction temperature of 

65 ˚C, 10% of KOH-Al2O3, methanol to oil ratio of 12:1, and 7 wt.% of catalyst loading at 2 hours of reaction. The highest yield 

of biodiesel was 73.7%. 
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Abstrak 

Dalam kajian ini, sisa minyak masak (WCO) digunakan untuk menghasilkan biodiesel menggunakan kalium hidroksida yang 

disalutkan atas sokongan alumina (KOH/Al2O3) sebagai mangkin. Tiga parameter telah dikaji untuk mencari keadaan optimum 

iaitu berat mangkin digunakan, masa tindak balas dan kebolehgunaan semula mangkin. KOH telah diintegrasikan dengan Al2O3 

dan diuji menggunakan penganalisis termogravimetrik (TGA) sebelum mangkin itu dibakar pada suhu 700 ˚C selama 3 jam. 

Tindak balas itu di refluks dalam keadaan malar pada suhu 65 ± 2 ˚C, 10% KOH-Al2O3, nisbah metanol kepada minyak 12:1 

selama 3 jam. Waktu tindak balas dikaji menggunakan mangkin optimum iaitu 7 wt.% dan tindak balasnya di ubah dari 1-4 jam 

dan hasil tertinggi diperolehi adalah 73.3% pada tindak balas 2 jam. Pada akhir kajian ini, kebolehgunaan semula mangkin telah 

dikaji. 3 kitaran tindak balas telah dilakukan menggunakan mangkin yang telah digunakan untuk tindak balas sebelumnya 

semasa penentuan hasil untuk 2 jam dan hasil kajian mendapati corak hasil biodiesel menurun selepas 4 kitaran tindak balas. 
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Oleh itu, keadaan optimum untuk mangkin ini ialah suhu tindak balas pada suhu 65 ˚C, 10% KOH-Al2O3, nisbah metanol kepada 

minyak 12:1, 7 wt.% jumlah mangkin pada masa tindak balas jam dan hasil tertinggi biodiesel ialah 73.7%. 

 

Kata kunci:  kalium hidroksida, biodiesel, minyak masak terpakai, transesterifikasi 

 

 

Introduction 

Biodiesel is one of the alternatives for petroleum which 

has the potential to replace the fossil fuels which are 

produced partially from parts of dead organisms such 

as plants and animals. It is defined as the mono alkyl 

esters of long chain fatty acids [1, 2] formed from 

biolipids through transesterification of vegetable oils 

such as palm oil [3, 4] canola oil [5], castor oil [6] and 

waste oil from the food industry [7, 8] in reaction with 

methanol under either acidic or basic conditions. Waste 

Cooking Oil (WCO) has been used in studies since it is 

available in the lowest price because it is 2-3 times 

cheaper than virgin vegetable oil and the supply of 

vegetable oil is abundant in the Malaysian market [9]. 

 

There are some studies [10, 11, 12, 13] which 

investigated the production of biodiesel using 

homogeneous base catalysts such as potassium 

hydroxide and sodium hydroxide as well as 

homogeneous acid catalyst using sulfuric acid. 

However, such processes have many disadvantages 

such as they could reduce the yield of biodiesel 

production, homogeneous base could not be reused or 

regenerated after a reaction and toxic wastewater might 

also be produced [14]. Besides, the production cost due 

to the separation of catalyst from products in 

hydrolysis and saponification reactions of 

transesterification is also higher because the 

elimination of the catalysts from the biodiesel product 

requires a large amount of water which could 

contaminate the products [15], thus resulting in the loss 

of useful material [16]. Moreover, the separation 

between the catalysts and glycerol is difficult [17]. In 

the same case, even if the separation process succeeds, 

a huge amount of wastewater is still produced [3] 

which is not economically and environmentally 

friendly [2]. In addition, some soap would be produced 

with the presence of too much FFAs in the process that 

would reduce the yield of FAME production [3]. A 

high content of FFAs (>1% w/w) would lead to these 

phenomena which increase the viscosity of the solution 

and difficulty to separate the glycerol [18]. 

 

In that case, heterogeneous catalysts were thus used in 

this study as they were separable and produce high 

quality methyl ester and glycerol, resulting in a 

lowered cost of processing operations. Hence, the use 

of heterogeneous base catalysts was proven to be 

effective due to their reusability, widespread 

availability, easy separation process from the product 

and longer lifetime [14]. Furthermore, for active 

species like potassium hydroxide (KOH), attaching 

catalysts to support such as alumina increases the 

contact area and number of pores [19]. Alumina had 

been investigated as the most frequently used catalyst 

support to produce biodiesel due to its high thermal and 

mechanical stability, high contact area (can exceed to 

300 m2 /g), large pore diameter (5-15 nm), bigger pore 

volume (1.07 cm3 /g) and the ability to form and 

extrude the pellets. The aim of this study was to 

investigate the effect of catalyst loading and reaction 

time on biodiesel production from waste cooking oil 

(WCO) using potassium hydroxide supported on 

alumina as a heterogeneous catalyst. The reusability of 

the catalyst was also investigated over several 

consecutive runs as it is a major advantage for 

industrial biodiesel development. 

 

Materials and Methods 

Materials 

Waste cooking oil was collected from a household in 

Jengka. Aluminium oxide, Al2O3, was obtained from 

Sigma-Aldrich (commercial grade). Potassium 

hydroxide (K2CO3, 99%) was obtained from Merck and 

methanol (CH3OH, 99%) was that of analytical grade 

(AR). The chromatographic standards were methyl 

heptadecanoate as the internal standard and the FAME 

standard mixture GLC-10 from Sigma-Aldrich. GLC-

10 consists of methyl palmitate, methyl stearate, 

methyl oleate, as well as methyl linoleate and methyl 

linolenate. 
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Pre-treatment of waste cooking oil 

The waste cooking oil was first filtered to remove 

traces of suspended particles followed by heating at 

100 ℃ for 1 hour to remove moisture.  The pre-treated 

waste cooking oil was then stored in a closed container 

before proceeding with the transesterification reaction. 

 

Catalyst preparation  

A 5 g of alumina powder was dissolved in 10 mL of 

distilled water and stirred until it became a suspended 

mixture. The alumina suspended solution was heated 

and stirred using a magnetic stirrer and 2.15 g of KOH 

solution was then added to the mixture dropwise. The 

paste was then dried in an oven at 90 ˚C for 24 hours to 

remove excess water [20, 21]. Next, this impregnated 

catalyst was calcined in a muffle furnace at 700 ˚C for 

3 hours with a ramp rate of 5 ˚C/min. The catalyst was 

characterized using thermogravimetric analysis (TGA) 

to determine the thermal transition and the 

decomposition of the catalyst [2].  

 

Transesterification reaction  

WCO, methanol and catalyst were the main 

components in this process. The selected parameter in 

this study was catalyst loading on the percentage yield 

of biodiesel. The transesterification reaction was 

conducted in a 500 mL round bottom flask equipped 

with a reflux condenser, thermometer, and magnetic 

stirrer [22] submerged in a steel basin with paraffin oil 

and the reaction was done at the boiling point of 

methanol (65˚C). Then, 10 g of WCO was mixed with 

4.3 g of methanol together with a series of catalyst 

loading (1 wt.%, 3wt.%, 5 wt.%, 7 wt.% and 9 wt.%) 

added into the flask. A magnetic stirrer was used to 

mix the oil, catalyst, and methanol together [3] and the 

reaction was carried out for 3 hours while the external 

temperature (temperature of paraffin oil) was 

maintained at 75 ˚C. After the reaction completed, the 

mixture was poured into a centrifuge tube and then was 

centrifuged at 4000 rpm in 5 minutes. The mixture 

formed two layers by which the methyl ester obtained 

was on the top layer while the glycerol was at the lower 

layer. The glycerol was discarded and the removal of 

excess methanol on the upper part and catalyst at the 

bottom layer was done by washing the methyl ester 

using warm distilled water (80-100 ˚C) in a separatory 

funnel. The mixture was then shaken gently and left for 

about 3 minutes until two layers were formed by which 

the lower layer was then removed again [8]. After that, 

the washed methyl ester was transferred into a 100 mL 

beaker and heated to remove any existing 

moisture/methanol for about half an hour while being 

stirred. All these procedures were repeated for other 

reaction mixtures at different reaction time (1 hour, 2 

hour and 4 hour). 

 

Reusability test  

This test was conducted only for the catalyst with the 

highest yield of biodiesel using the same reaction 

conditions stated previously. The catalyst was isolated 

from the reaction product after the first reaction. To 

eliminate the non-polar compounds attached to the 

catalyst, it was washed with methanol three times and 

filtered using filter paper. The catalyst was then dried 

for 1 hour in the oven and used in the 

transesterification reaction. With the same optimum 

condition, the procedures were repeated three times 

and the composition of the biodiesel was tested with 

gas chromatography (GC) analysis. 

 

Gas chromatography analysis  

The GC-MS is a library-built instrument that offers a 

complete list of elements in the sample [21]. The purity 

of methyl ester produced was determined by using gas 

chromatography. The analysis was done by Agilent 

7890B gas chromatographer equipped with 5977A 

MSD and Zebron ZB-FAME capillary column (60 m x 

0.20 mm x 0.25 µm). The instrument was set up as the 

following: Split ratio of 100:1 and initial oven 

temperature of 60˚C to 240˚C at 14˚C/min. The 

temperature of the injection was set at 250˚C while the 

MS transfer line temperature was 280˚C. The sample 

was injected to reach reproducible peaks where methyl 

heptadecanoate was used as an internal standard. After 

the ester content was obtained, the percentage of pure 

biodiesel was then calculated. 

 

Results and Discussion 

Characterization of KOH/Al2O3 catalyst  

Figure 1 shows the thermal degradation pattern of 

KOH/Al2O3 catalyst. From the figure, it was observed 

that there were three stages of weight loss process 
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within the temperature range of 32.50˚C to 926.39˚C. 

The first level of weight loss was about 7.9% which 

took place at the temperature of 32.50˚C to 135.42˚C 

pointing that water had evaporated and was removed 

from the catalyst surface. Meanwhile, the second level 

of weight loss was about 1.18% at the temperature of 

201.20˚C to 314.76˚C which indicated a complete 

removal of water surface on the catalyst. The amount 

of mixture content and slight weight loss were 

observed below 200˚C due to the catalyst being 

subjected to oven drying at 80˚C overnight before the 

analysis was conducted. At the end of the analysis, 

about 2.57% of catalyst became decomposed at 

767.41˚C to 926.39˚C. This shows that the removal of 

hydroxyl group (-OH) and formation of K2O phase was 

due to the decomposition at the end of the analysis. It 

can be concluded that water and impurities were 

removed after the thermal treatment at the temperature 

of 700˚C. 

 

Effect of catalyst loading  

The effect of wt.% of catalyst loading on the yield of 

biodiesel produced is summarized in Figure 2. In this 

study, the catalyst loading varied within the range of 1 

wt.% to 9 wt.% to catalyze the reaction. Referring to 

the figure, the yield of each loading did not show a 

significant difference except for 1 wt.% and 3 wt.%. 

For the first two catalyst loading (1 wt.% and 3 wt.%), 

there was no biodiesel produced on both due to the 

formation of emulsions. The production of FAME 

could not be achieved in an insufficient catalyst 

loading amount [6]. This might be due to a slow 

reaction rate resulting from a low amount of catalyst in 

a short reaction time. The highest pure biodiesel 

obtained was 9 wt.% which is 58.52% while at catalyst 

loading of 7 wt.% and 5 wt.%, they are 58.38% and 

51.5% respectively. Since there were no obvious 

differences between 7 wt.% and 9 wt.%, the 7 wt.% 

was considered as the optimum catalyst loading. 

 

Larger catalyst loading triggered high resistance to 

mass transfer because of the viscous mixture [23]. 

When the excess catalyst was used, the reaction 

mixture became more viscous, resulting in poor 

dispersion of reactants in the three phase systems. This 

brought about reduced yield and conversion, thus 

consuming more costs and time [24].  

 

Effect of reaction time  

The effect of reaction time was studied as it had a 

significant impact on the transesterification of waste 

cooking oil. The reaction time varied from 1 to 4 hours 

in  7 wt.% of catalyst loading. As summarized in 

Figure 3, the FAME yield increased from 58.35% to 

73.7% in the first two hours. However, the yield 

declined as the reaction continued further than 2-hour 

reaction. It is concluded that when the temperature 

increased during the 2 hours of reaction, the rate of 

reaction increased, and the yield of biodiesel became 

optimal (73.7%) before the yield decreased due to 

methanol evaporation [25] as well as the loss of solvent 

and by-product formation such as olefins and fatty 

alcohol [9]. The methyl ester favored a backward 

reaction in a longer reaction time, producing more 

glycerol than methyl ester [11]. In addition, high molar 

ratio required a shorter time as it had enough methanol 

to produce high yield reaction. Hence, 2-hour reaction 

time was selected as the optimum reaction time as it 

provided the highest biodiesel yield. In a previous work 

[26], WCO was converted to biodiesel and it achieved 

a higher yield of 95% after 2 hours of reaction with 

methanol to oil ratio of 9:1 and catalyst loading of 5%. 

The catalyst used was also KOH/alumina, but it was 

calcined at 700oC for 7 hours, compared to the catalyst 

in this research which was calcined for only 3 hours at 

the same temperature. Therefore, it could be regarded 

that increasing the calcination time would increase the 

catalytic activity of the catalyst.  

 

Reusability test  

Catalyst reusability is an important aspect in the 

development of biodiesel. The reusability of 

KOH/Al2O3 was determined at the optimum state of the 

conditions for 3 cycles as shown in Figure 4. It was 

noticed that after cycle 1 with yield of 73.7%, the cycle 

demonstrated a declining pattern of yield of pure 

biodiesel which was 72.12%, 70.86% and 68.75% for 

cycle 2, 3 and 4 respectively. This decreasing trend 

caused by the deactivation of the catalyst due to the 

loss of almost half of the original weight after the third 

cycle. The loss of catalyst due to the partial solubility
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of the catalyst in methanol (leaching) eventually 

affected the glycerol recovery [2] and disrupted the 

reaction mixture. 

 

Qualitative analysis of gas chromatography 

Figure 5 shows the GC-MS chromatogram of biodiesel 

for 2-hour reaction. Four peaks of methyl esters were 

observed in Table 1 which consisted of methyl 

palmitate, methyl stearate, methyl oleate and methyl 

linoleate. The main components of biodiesel were 

methyl palmitate and methyl oleate which showed high 

peak of GC. This GC-MS chromatogram was 

comparable to the fatty acid profile of palm oil. Thus, it 

indicated the formation of biodiesel from the oil used 

[2]

 

 

Figure 1.  TGA and DTG curve for KOH/Al2O3 catalyst 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.   The effect of the catalyst loading on the yield (10% of KOH-Al2O3, 12:1 MeOH: oil, 65 ˚C temperature 

and 3-hour reaction. 
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Figure 3.  Effect of reaction time on the yield (12:1 MeOH: oil, 65˚C temperature and 7 wt.% catalyst) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  The reusability of the catalyst 
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Figure 5. GC-MS chromatogram of biodiesel for 2-hour reaction (10% KOH-Al2O3, 12:1 MeOH: oil, 65˚C 

temperature and 7 wt.% catalyst) 

 

Table 1.  Retention time and FAME of biodiesel obtained using 7 wt.% catalyst 

Retention Time 

(min) 

Common Name 

13.307 Methyl palmitate 

13.810 Methyl heptadecanoate (Internal standard) 

14.302 Methyl stearate 

14.531 Methyl oleate 

14.886 Methyl linoleate 

 

 

Conclusion 

In this study, the maximum biodiesel yield achieved 

was 73.7% with the reaction temperature of 65 ˚C, 10% 

of KOH-Al2O3, catalyst loading of 7 wt.%, reaction 

time of 2 hours and methanol to oil ratio of 12:1. After 

the reaction was done in 4 cycles, the yield of biodiesel 

became reduced to 68.75% as the catalyst was 

deactivated because almost half of the weight was lost. 

The GC-MS chromatogram confirmed the presence of 

two main components of methyl ester which were 

methyl palmitate and methyl oleate. For future 

research, it is suggested that the preparation of the 

catalyst is to be studied in more detail, for example, 

optimizing the ratio of KOH:  alumina, the calcination 

temperature, and the calcination time for preparing the 

catalyst, as these might improve the catalytic activity.  
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