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Abstract In this study, bentonite based catalyst was prepared by impregnation methods in potassium hydroxide 

solution (35 wt.%). The catalysts were calcined at 500℃ for 3 h. The best reaction conditions in the presence of 

KOH/bentonite were determined while modifying the catalyst to soybean oil ratio and the reaction time. Bentonite 

was proved to enhance the transesterification reaction, which promotes the transformation of KOH to the 

catalytically active methoxide species. The influence of the operating variables such as reaction time, methanol: 

soybean oil molar ratio and catalyst concentration on the reaction yield was evaluated. The highest methyl ester 

yield (94.5%) was obtained for a reaction time of 15 h, a catalyst to soybean oil ratio of 0.6 wt.%, and a methanol to 

soybean oil molar ratio of 1:12. 
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1. Introduction 

Due to the increasing demand for energy together with the expected depletion of fossil fuels resources and 

increasing the environmental concerns associated with fossil fuel consumption, many research have been carried out 

in order to find a new alternative renewable energy sources to substitute these dwindling energy reserves [1-4]. 

Moreover, the global warming due to greenhouse gases emissions prompted the efforts to explore new sources of 

energy. Therefore, biodiesel production is receiving considerable attention nowadays because biodiesel is a 

promising alternative fuel to conventional diesel [5], is renewable, biodegradable, and produces less CO, 

hydrocarbons and particulates emissions than petroleum based diesel [6, 7]. It is generally produced by alkaline 

catalyzed trans-esterification of vegetable oils or animal fats with monohydric low molecular weight alcohols [8, 9]. 

Globally, there are more than 350 oil bearing crops identified as potential sources for biodiesel production[10]. The 

most common oils include soybean[11], corn, used fried oil, sunflower, olive [12], rapeseed [13], castor, lesquerella 

[14], Jatropha curcas [15], karanja, Madhuca indica (Mahua) and Salvadora [16], palm oil [17] and etc. Biodiesel 

derived from these sources can be defined as mono-alkyl esters of long chain fatty acids [18].Types of oils selected 

for biodiesel feed stocks depend upon their availabilities and quality of the derived biodiesels [19]. 

Transesterification process is boosted with the use of catalyst that also aids in achieving better yields. Three types of 

catalysts used are namely acidic, alkaline and enzymes [20]. Potassium hydroxide as a homogenous catalyst is some 

of the commonly used alkaline catalysts [21]. However, homogeneous catalysts have some drawbacks, e.g. they 

produce large amount of waste water [22]. On the other hand, heterogeneous catalysts are less corrosive, more 

environmentally friendly, safer, cheaper and they can be easily recovered, regenerated and reused [23]. 
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In this study, soybean oil was used as the raw material for methanolysis to synthesize biodiesel using a reflux 

reaction system to which bentonite was added as a base catalyst in the KOH catalyzed transesterification. The 

objective of this study was to investigate the effects of bentonite on the transesterification process. 

 

2. Experimental Procedures 

2.1. Materials and Methods 

Refined soybean oil was purchased from a local market. Methanol (purity 99.8%), potassium hydroxide (85%, 

pellets) were supplied by Sigma Aldrich. 

2.2. Catalyst Preparation 

Bentonite was used as support to prepare of KOH/bentonite catalysts with KOH loadings according to the wet 

impregnation method [24]. Appropriate amount of KOH (6.33 g for 35 wt. % respectively) were dissolved in 50 mL 

of distilled water. Each aqueous solution of KOH was slowly added to 10 g of the bentonite support. The resulting 

slurry was then stirred (300 rpm) at 80 ℃ for 2 h. After impregnation, the catalysts were dried at 80℃ overnight and 

thencalcined at 500℃ for 3 h at a heating rate of 0.5 ℃/min.  

2.3. Preparation of Free Fatty Methyl Ester 

 
Figure 1: A schematic of the transesterification process 

50g of soybean oil and a predetermined amount of catalyst were added to a 3-neck flask reactor and stirred at 60℃. 

Separately, KOH/bentonite as the catalyst (0.2, 0.4, 0.6 and 0.8) were dissolved in a predetermined amount of 

anhydrous methanol, at a molar ratio of methanol:soybean oil of (1:6, 1:8, 1:10, 1:12 and 1:14). The bentonite 

loaded by KOH-methanol solution was immediately added to the reactor and stirred vigorously at 60℃ for (3, 6, 9, 

12, 15 and 18 h). After cooling to room temperature (25℃), the phases were separated by centrifugation. The upper 

layer containing the desired product was collected and the residual methanol evaporated under low pressure at 65℃ 

(fig. 1). This crude biodiesel was purified by water washing [25], and the green diesel content (wt.%) of the refined 

biodiesel, which represents the purity of biodiesel, was measured by gas chromatography. The biodiesel yield was 

evaluated through the eq. (1)[26]. 

Biodiesel yield (%) = 
Final  weight  of  refined  biodiesel

Initial  weight  of  soybean  oil
 × 100                                                             (1) 

 

Table 1: Properties and fatty acid composition of the soybean oil 

Details of GC analysis 

GC type Agilent HP 6890 

Column HP 1 crosslinked methyl 

siloxane 

Detector Flame ionization detector 

Initial 125℃ 
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temperature 

Temperature 

ramp 

15 ℃/min for 10 min 

Final 

temperature 

275℃ 

Fatty acid Composition (%) 

Palmitic acid 

(C16:0) 

10.5 

Stearic acid (C18:0) 3.6 

Oleic acid (C18:1) 23.5 

Linolic Acid 

(C18:2) 

54.7 

Linolenic acid 

(C18:3) 

7.1 

Other acids 0.6 

 

3. Results and Discussion 

3.1. Effect of Catalyst Dosage on the Biodiesel Yield 

As Fig. 2, the green diesel contents increased with the increasing amounts of catalyst, while the biodiesel yields 

decreased. This result shows that the reaction conversion was increased at low added levels of KOH. However, the 

increase of catalyst led to the aggravation of the saponification at higher levels. The biodiesel contents and the 

biodiesel yields of reaction with bentonite were higher than those of which without bentonite when the same catalyst 

dosage was used. Fig. 2 shows that biodiesel yield of the transesterification with bentonite decreased more 

significantly than in the case without  bentonite as the catalyst dosage was increased. This observation reflects the 

fact that the introduction of bentonite improved the catalytic activity of KOH, which resulted in a lower catalyst 

dosage needed to generate a given level of transesterification. Additional catalyst, however, the formation of the 

gelatinous substance was another important reason for the declining production of biodiesel. The biodiesel content 

of transesterification with bentonite exceeds 94.5% when the catalyst dosage was only 0.6 wt.%. The biodiesel yield 

was reduced from 88% as a result of the increased catalyst dosage. In short, the presence of bentonite reduced the 

catalyst dosage and increased its effectiveness in generating the biodiesel. 

 
Figure 2: Effects of catalyst dosage on biodiesel yield of transesterification with KOH/bentonite 
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3.2. Effect of methanol/oil molar ratio 

Methanol/ soybean oil molar ratio strongly affects the biodiesel yield. Excess methanol increases the conversion of 

oil, since transesterification is an equilibrium reaction. However, excess methanol can also increase the energy 

consumption needed for the recovery of methanol [27, 28], and the catalyst concentration based on total mass 

decreased with the increase of methanol/oil molar ratio, which led to the decrease of the reaction rate and 

conversion. The experimental results fig. 3 shows that the highest FAME yield 94.5% was reached when the 

methanol/ soybean oil molar ratio was 1:12. Because of the adsorption of methanol by bentonite the optimal ratio 

was higher than 1:10 which is a widely accepted optimal ratio in the traditional homogeneous base-catalyzed 

transesterification reaction [29]. 

  
Figure 3: Effect of methanol/ soybean oil molar ratio on biodiesel yield of transesterification with KOH/bentonite 

3.3. Effect of reaction time on biodiesel yield 

Reaction time plays a significant role in the transesterification of triglycerides [30]. Fig. 2 clearly shows that the 

FAME yield increased from 73.1% to 94.5% as the reaction time was increased from 3 to 18 h. In particular, the 

results showed that within the time range 3-15 h, the biodiesel yield increased up to 21.4%. With a further increase 

in the reaction time, there wasn't any significant change in the biodiesel yield as the equilibrium conversion had 

been attained. It was clearly documented in literature that the transesterification reaction is slow at the beginning due 

to a poor dispersion and mixing of alcohol into the oil resulting in lower FAME yield. Afterward, the reaction 

proceeds rapidly, the yield reaches a maximum and remains constant [31]. The optimum conditions for the 

transesterification of soybean oil in the presence of KOH/bentonite (35 wt.%) were a catalyst to oil ratio of 0.6 

wt.%, a methanol to oil ratio of 1:12 and a reaction time of 15 h. 

 

4. Conclusion 

In the present work, bentonite based catalyst was prepared from KOH by impregnation methods. Bentonite was 

impregnated with KOH loadings to prepare a KOH/bentonite catalysts. Bentonite as a base catalyst for biodiesel 

synthesis, which promoted the transformation of KOH to the catalytically active methoxide species. The catalyst 

provided the maximum biodiesel yield at 94.5% obtained in 15 h reaction time at reaction temperature of 60℃, 

catalyst dosage 0.6 wt.%, methanol to soybean oil molar ratio of 1:12 and stirring speed of 300 rpm. 

 

Acknowledgement 

The authors wish to acknowledge the equipment R&D support from Hydrogen and Fuel Cell Laboratory, Faculty of 

New Sciences and Technologies, University of Tehran.  

40

45

50

55

60

65

70

75

80

85

90

95

100

3 6 9 12 15 18

Y
ie

ld
 %

Time (h)

0.6wt.% catalyst

0:00 1:06

0:00 1:08

0:00 1:10

0:00 1:12

0:00 1:14



Fereidooni L                                                                                 The Pharmaceutical and Chemical Journal, 2017, 4(4):85-90 

 

          The Pharmaceutical and Chemical Journal 

89 

 

References 

1. Fereidooni, L., & Mehrpooya, M. (2017). 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, 145-154. 

2. Al-Jammal, N., Al-Hamamre, Z., & Alnaief, M. (2016). Manufacturing of zeolite based catalyst from 

zeolite tuft for biodiesel production from waste sunflower oil. Renewable Energy, 93, 449-459. 

3. Abdullah, S. H. Y. S., Hanapi, N. H. M., Azid, A., Umar, R., Juahir, H., Khatoon, H., & Endut, A. (2017). 

A review of biomass-derived heterogeneous catalyst for a sustainable biodiesel production. Renewable and 

Sustainable Energy Reviews, 70, 1040-1051. 

4. Abu-Jrai, A. M., Jamil, F., Ala'a, H., Baawain, M., Al-Haj, L., Al-Hinai, M., ... & Rafiq, S. (2017). 

Valorization of waste Date pits biomass for biodiesel production in presence of green carbon catalyst. 

Energy Conversion and Management, 135, 236-243. 

5. Ashnani, M. H. M., Johari, A., Hashim, H., & Hasani, E. (2014). A source of renewable energy in 

Malaysia, why biodiesel?. Renewable and Sustainable Energy Reviews, 35, 244-257. 

6. Lee, H. V., Juan, J. C., & Taufiq-Yap, Y. H. (2015). Preparation and application of binary acid–base CaO–

La 2 O 3 catalyst for biodiesel production. Renewable Energy, 74, 124-132. 

7. Saba, T., Estephane, J., El Khoury, B., El Khoury, M., Khazma, M., El Zakhem, H., & Aouad, S. (2016). 

Biodiesel production from refined sunflower vegetable oil over KOH/ZSM5 catalysts. Renewable Energy, 

90, 301-306. 

8. Chum-in, T., Sudaprasert, K., Phankosol, S., Lilitchan, S., Aryusuk, K., & Krisnangkura, K. (2017). Gibbs 

energy additivity approaches to QSPR in modeling of high pressure density and kinematic viscosity of 

FAME and biodiesel. Fuel Processing Technology, 156, 385-393. 

9. Chum-in, T., Sudaprasert, K., Phankosol, S., Lilitchan, S., Aryusuk, K., & Krisnangkura, K. (2016). Gibbs 

energy additivity approaches to QSPR in modeling of high pressure dynamic viscosity of FAME and 

biodiesel. Journal of Molecular Liquids, 223, 1006-1012. 

10. Atabani, A. E., Silitonga, A. S., Badruddin, I. A., Mahlia, T. M. I., Masjuki, H. H., & Mekhilef, S. (2012). 

A comprehensive review on biodiesel as an alternative energy resource and its characteristics. Renewable 

and sustainable energy reviews, 16(4), 2070-2093. 

11. Valente, O. S., Da Silva, M. J., Pasa, V. M. D., Belchior, C. R. P., & Sodré, J. R. (2010). Fuel consumption 

and emissions from a diesel power generator fuelled with castor oil and soybean biodiesel. Fuel, 89(12), 

3637-3642. 

12. Anastopoulos, G., Lois, E., Karonis, D., Kalligeros, S., & Zannikos, F. (2005). Impact of oxygen and 

nitrogen compounds on the lubrication properties of low sulfur diesel fuels. Energy, 30(2), 415-426. 

13. Rajagopal, K., Bindu, C., Prasad, R. B. N., & Ahmad, A. (2016). The effect of fatty acid profiles of 

biodiesel on key fuel properties of some biodiesels and blends. Energy Sources, Part A: Recovery, 

utilization, and environmental effects, 38(11), 1582-1590. 

14. Goodrum, J. W., & Geller, D. P. (2005). Influence of fatty acid methyl esters from hydroxylated vegetable 

oils on diesel fuel lubricity. Bioresource Technology, 96(7), 851-855. 

15. Cai, Z.-Z., et al., A two-step biodiesel production process from waste cooking oil via recycling crude 

glycerol esterification catalyzed by alkali catalyst. Fuel Processing Technology, 2015. 137: p. 186-193. 

16. Kaul, S., Saxena, R. C., Kumar, A., Negi, M. S., Bhatnagar, A. K., Goyal, H. B., & Gupta, A. K. (2007). 

Corrosion behavior of biodiesel from seed oils of Indian origin on diesel engine parts. Fuel processing 

technology, 88(3), 303-307. 

17. Benjumea, P., Agudelo, J., & Agudelo, A. (2008). Basic properties of palm oil biodiesel–diesel blends. 

Fuel, 87(10), 2069-2075. 

18. Liang, Y. C., May, C. Y., Foon, C. S., Ngan, M. A., Hock, C. C., & Basiron, Y. (2006). The effect of 

natural and synthetic antioxidants on the oxidative stability of palm diesel. Fuel, 85(5), 867-870. 



Fereidooni L                                                                                 The Pharmaceutical and Chemical Journal, 2017, 4(4):85-90 

 

        The Pharmaceutical and Chemical Journal 

90 

 

19. Aghaie, M., Mehrpooya, M., & Pourfayaz, F. (2016). Introducing an integrated chemical looping hydrogen 

production, inherent carbon capture and solid oxide fuel cell biomass fueled power plant process 

configuration. Energy Conversion and Management, 124, 141-154. 

20. Chouhan, A.P.S. and A.K. Sarma, Modern heterogeneous catalysts for biodiesel production: A 

comprehensive review. Renewable and Sustainable Energy Reviews, 2011. 15(9): p. 4378-4399. 

21. Soetaredjo, F. E., Ayucitra, A., Ismadji, S., & Maukar, A. L. (2011). KOH/bentonite catalysts for 

transesterification of palm oil to biodiesel. Applied clay science, 53(2), 341-346. 

22. Kim, H. J., Kang, B. S., Kim, M. J., Park, Y. M., Kim, D. K., Lee, J. S., & Lee, K. Y. (2004). 

Transesterification of vegetable oil to biodiesel using heterogeneous base catalyst. Catalysis today, 93, 315-

320. 

23. Veljković, V. B., Banković-Ilić, I. B., & Stamenković, O. S. (2015). Purification of crude biodiesel 

obtained by heterogeneously-catalyzed transesterification. Renewable and Sustainable Energy Reviews, 49, 

500-516. 

24. Agarwal, M., Chauhan, G., Chaurasia, S. P., & Singh, K. (2012). Study of catalytic behavior of KOH as 

homogeneous and heterogeneous catalyst for biodiesel production. Journal of the Taiwan Institute of 

Chemical Engineers, 43(1), 89-94. 

25. Shirazi, M. M. A., Kargari, A., Bazgir, S., Tabatabaei, M., Shirazi, M. J. A., Abdullah, M. S., ... & Ismail, 

A. F. (2013). Characterization of electrospun polystyrene membrane for treatment of biodiesel's water-

washing effluent using atomic force microscopy. Desalination, 329, 1-8. 

26. Wu, L., Wei, T. Y., Tong, Z. F., Zou, Y., Lin, Z. J., & Sun, J. H. (2016). Bentonite-enhanced biodiesel 

production by NaOH-catalyzed transesterification of soybean oil with methanol. Fuel Processing 

Technology, 144, 334-340. 

27. Leung, D. Y., Wu, X., & Leung, M. K. H. (2010). A review on biodiesel production using catalyzed 

transesterification. Applied energy, 87(4), 1083-1095. 

28. Al-Sakkari, E. G., El-Sheltawy, S. T., Attia, N. K., & Mostafa, S. R. (2017). Kinetic study of soybean oil 

methanolysis using cement kiln dust as a heterogeneous catalyst for biodiesel production. Applied Catalysis 

B: Environmental, 206, 146-157. 

29. Meher, L. C., Dharmagadda, V. S., & Naik, S. N. (2006). Optimization of alkali-catalyzed 

transesterification of Pongamia pinnata oil for production of biodiesel. Bioresource technology, 97(12), 

1392-1397. 

30. Freedman, B. E. H. P., Pryde, E. H., & Mounts, T. L. (1984). Variables affecting the yields of fatty esters 

from transesterified vegetable oils. Journal of the American Oil Chemists' Society, 61(10), 1638-1643. 

31. Leung, D. Y. C., & Guo, Y. (2006). Transesterification of neat and used frying oil: optimization for 

biodiesel production. Fuel Processing Technology, 87(10), 883-890. 

 


