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ABSTRACT 

Increasing number of researches focusing on the use of solid heterogeneous catalysts for the production of biodiesel offers 

evidence that these catalysts continue to progress as viable alternatives. While alkaline metal alkoxides remain to be appealing in the 

industries, it is expected that solid base catalyst will soon become more attractive due to the financial and environmental concern. 

Limited investigations have shown that the conversion by solid base catalysts was analogous to that of the existing homogeneous system. 

This paper reviews various types of heterogeneous solid acids and bases in the production of biodiesel from transesterification of 

triglycerides. The conversion of vegetable oils from various catalytic systems are compared and discussed. 
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INTRODUCTION 

Biofuels such as ethanol, biodiesel have been in focus for the reasons such as heavy consumption of fossil resources, effect on 

global warming and concerns of energy security. Biodiesel produced by transesterification of vegetable oils and animal fats using 

homogeneous base catalyst (Fig. 1) has seen several folds increase in last few years for their commercial production and use as a 

blending component in transport fuels. 

 
R', R'', R''' = Hydrocarbon chain ranging from 15 to 21 carbon atoms 

Fig. 1 Transesterification of vegetable oil 

Conventionally, the biodiesel production is performed by transesterification of vegetable oils with methanol in the presence of 

homogeneous basic catalysts, such as sodium or potassium hydroxides, carbonates or alkoxides. These catalytic systems suffer problems 

such as difficulty in removing the basic catalysts after the reaction, production of large amount of wastewater and emulsification. In 

this perspective, solid catalysts appear promising to replace the liquid homogeneous catalysts because they are less corrosive, easier to 

handle and separate, reusable and generating less amount of toxic wastes (Y. Feng and others, (2011)). The use of heterogeneous 

catalysis in transesterification reactions prevents the undesirable saponification, allows process simplification and offers reduction in 

the processing costs by eliminating the additional steps required by the liquid homogeneous catalysts. 

BIODIESEL PRODUCTION FROM VEGETABLE OILS 

Several oils, both edible and non-edible such as sunflower oil (Arzamendi and others, (2008)), palm (Li and Xie, (2006)) and 

jatropha (Tiwari and others, (2007)) have been transesterified for biodiesel production. In Europe and US, the primary sources for 

producing biodiesel are edible oils like rapeseed, sunflower, and soybean. In India, non-edible oils like jatropha and pongamia are being 

promoted on a very large scale, as these can be grown on marginal and waste lands (Azam and others, (2005)). Production costs have 

been reported to be rather high (Ma and Hanna, (1999)) as the process involves a number of washing and purification steps in order to 

meet the stipulated product quality. Oils with higher free fatty acid content lead to formation of soap and consequent loss of oil and 

problems of product separation (Kwiecien and others, 2009). Due to these issues a large number of alternative methods were developed. 

These include use of heterogeneous catalysts (Z. Helwani and others (2009)), supercritical process (Minami and Saka, (2006)) and 

enzymatic catalytic process (Shimada and others, (2002)). Biodiesel synthesis using heterogeneous solid catalysts instead of 

homogeneous liquid catalyst could potentially lead to economical production costs because of the possibility of  reuse of the catalyst 

(Suppes and others, (2004)) both transesterification and esterification can be carried out simultaneously (Furuta and others, (2004)). 

Some researchers (Di Serio and others, (2008)) have reviewed the significance of solid catalysts for biodiesel production. 

Heterogeneous catalysts reported, include ion-exchange resins, metal hydroxides, metal complexes (Abreu and others, (2003)), 

metal oxides such as calcium oxide (Granados and others, (2007)), magnesium oxide (Wang and Yang, (2007)), zirconium oxide 

(Jitputti and others, (2006)), zeolites, hydrotalcites and supported catalysts (Xie and Huang, (2006)). A comparison of properties of 

vegetable oils used for transesterification is presented in Table 1. 
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Table.1.Properties of vegetable oils 

Vegetable oil Kinematic viscosity at 38  ˚C(mm2/s) 
Cetane 

number (˚C) 

Heating 

value 

(MJ/kg) 

Cloud 

point 

(˚C) 

Pour 

point 

(˚C) 

Flash 

point 

(˚C) 

Density 

(kg/l) 

 

Corn 34.9 37.6 39.5 -1.1 -40.0 277 0.9095 

Cottonseed 33.5 41.8 39.5 1.7 -15.0 234 0.9148 

Crambe 53.6 44.6 40.5 10.0 -12.2 274 0.9048 

Linseed 27.2 34.6 39.7 1.7 -15.0 241 0.9236 

Peanut 39.6 41.8 39.8 12.8 -6.7 271 0.9026 

Rapeseed 37.0 37.6 43.8 -3.9 -31.7 246 0.9115 

Safflower 31.3 41.3 39.5 18.3 -6.7 260 0.9144 

Sesame 35.5 40.2 39.3 -3.9 -9.4 260 0.9133 

Soya bean 32.6 37.9 39.6 -3.9 -12.2 254 0.9138 

Sunflower 33.9 37.1 39.6 7.2 -15.0 274 0.9161 

Palm 39.6 42.0 – 31.0 – 267 0.9180 

Babassu 30.3 38.0 – 20.0 – 150 0.9460 

Diesel 3.06 50 39.3 – -16 76 0.855 

 

Heterogeneous catalytic transesterification: Different heterogeneous catalysts used for transesterification of various vegetable oils 

are listed in Table 2. 

Table.2.Heterogeneous catalysts used for transesterification of vegetable oils 

Veg. Oil Catalysts Alcohol Amount of 

catalyst (wt. %) 

Ratio 

OH/Oil 

Time 

(h) 

Temp. 

(°C) 

 

Speed 

(rpm) 

Conversion 

(%) 

Canola oil 

 

Dolomite Methanol 3 6:1 3 60 Const. 91.78 

Cotton seed oil Potassium fluoride loaded on 

alumina 

Methanol 4 12:1 3 65 Const. 94 

Palm oil 

 

 

 

Novozym 435 Methanol 4 3:1 ½ 40 190 97 

Rice bran oil Dibutyl tin laurate Methanol 1 4:1 4 60 Const. 68.9 

Triacetin & 

Castor oil 

12- Tungsto     phosphoric 

acid 

 

Methanol 0.00225 mole/dm3 29:1 30 50-60 

 

Const. 26 

 

 

Palm kernel & 

crude coconut oil 

(i) Zirconia 

(ii)Zinc oxide 

(iii)Sulphated zirconia 

(iv)zirconia supported 

potassium nitrate 

(v)Sulphated 

stannous oxide 

(vi)Zeolite supported 

potassium nitrate 

Methanol 3 6:1 4 200 350 (i)69 

(ii)98.9 

(iii)96 

 

(iv)78 

 

(v)95.4 

 

(vi)78 

 

 

 

Rape seed oil 

 

 

 

(i)Sodium hydroxide 

(ii)Mesoporous catalyst of 

Magnesium impregnated on 

Magnesium Nitrate 

(iii)Magnesium loaded on 

Aluminium  hydrotalcite 

(iv)Potassium impregnated 

on Zirconia 

Methanol 2 

 

7:1 

 

1 

 

60 

 

600 

 

93 to 98 

 

Soybean oil Calcium oxide impregnated 

on lanthanum oxide,  anion 

exchange resin 

Mixtures 

of 

methanol 

and  

ethanol 

8 10:1 ½ 

3 

54 450 53 

23 

N-methylimidazolium 

functionalized anion 

exchange resin 

Methanol 2.5 12:1 10 50 570 97.35 
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CONCLUSIONS 

This review suggests that the concern in heterogeneous catalysis for biodiesel production has been increasing. From the 

commercial point of view, solid base catalysts are seen more active than acid catalysts and enzymes. However, more researches on solid 

base catalysis are needed to validate this because the promising results from previously reported works were at the expense of high 

temperatures and high pressures. From the economic perspective, it would be ideal if solid base catalysts could work competently at 

low temperatures and pressure. However, these catalysts should continue to have a place in biodiesel synthesis so that more alternatives 

can be made available. Issues concerning their restrictions should also be addressed continuously so that the limitations can be overcome 

and they evolve as viable alternatives in the near future. 
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