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Abstract – Transesterification of vegetable oil by ethanol in the presence of heterogeneous catalysts 

has been investigated. Zinc and nickel(II) oxides and cation exchange resin CU-2-8 with immobilized 

Sn
2+

 and Zn
2+

 ions were shown to have the highest catalytic activity among an investigated catalysts. 

The optimal concentration of catalysts and optimal molar ratio triglycerides : alcohol have been 

established. 
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Introduction 

Acid and basic homogeneous and heterogeneous catalysts are used for the 

transesterification process of vegetable oils triglycerides (TG) by aliphatic alcohols [1, 2]. 

Heterogeneous catalysts can be easily separated from the reaction mixture and further used many 

times in the process.  When using heterogeneous catalysts, it is easier to realize a continuous 

process [2–4]. The amount of heterogeneous catalysts using in transesterification process is quite 

limited. The aim of research is to investigate a metal oxides and cation exchange resin CU-2-8 

with immobilized cations as a transesterification reaction catalyst of vegetable oils triglycerides 

by ethyl alcohol. 

Results and discussion 

Sunflower, rapeseed and linseed oils were used as the TG raw sources. Anhydrous ethanol 

was used as an ethyl alcohol raw source. Fine powders of the metal oxides ZnO, NiO, MgO, 

SnO2, MnO, PbO, Al2O3, Cr2O3 (all were analytical grade) were used as the catalysts. The cation 

exchange resin CU-2-8 in H
+
-form and the cation exchange resin CU-2-8 with an immobilized 

ions of Со
2+

, Zn
2+

, Ni
2+

, Sn
2+

, Cu
2+

 were used as the catalysts. Transesterification of TG was 

carried out with anhydrous ethanol at 75 °C and ethanol : TG molar ratio of (3.6–8,0) : 1. The 

amounts of TG were recalculated to glycerol trioleate. The content of the metal oxides was from 

0.13 wt% to 0.50 wt% and the content of cation exchange resin was from 0,5 wt% to 4,0 wt%. 

The effect of the catalyst content was studied using zinc oxide. Its content was varied in the 

range from 0.13 wt% to 0.50 wt% in the reaction mixture. The transesterification reaction was 

carried out during 150–180 minutes. 

The transesterification of TG by ethanol in the presence of heterogeneous catalysts was 

carried out in a glass three-necked flask equipped with a reflux condenser under intensive 

stirring. The samples were taken after each 30 minutes. The ethanol content was determined by 

chromatography, the acid number – by titrimetry after end of the reaction. 

Chromatographic analysis of the reaction mixture was performed using a gas-liquid 

chromatograph LHM-80 with a thermal conductivity detector under the conditions given in [5]. 

The acid number was determined by alkalimetric titration [6]. 



 

It was shown high catalytic activity of fine metal oxides as transesterification catalysts of 

TG by anhydrous ethanol. Zinc and nickel (II) oxides were found to be the most active catalysts 

among the studied metal oxides. It was established that the increase in ethanol : TG molar ratio 

to 4,1 : 1 and more results an almost complete conversion of sunflower oil TG. It was also found 

that in the presence of zinc and nickel (II) oxides an esterification reaction of FFA present in the 

vegetable raw material takes place. 

It was established that the activity of transesterification reaction catalysts based on the 

cation exchange resin with immobilized metal ions depends on the cation type. It was shown that 

the cation exchange resin with immobilized ions of Sn
2+

 and the cation exchange resin in H
+
-

form have the highest activity in the transesterification reaction of TG by ethyl alcohol. In the 

presence of the examined catalysts conversion of TG decreases with an increase in the alcohol 

chain length. It was established that optimal molar ratio of ethanol : TG is (4‒5):1. 

Extreme dependence of the initial rate of the transesterification reaction and triglycerides 

conversion on the content of the heterogeneous catalysts was established. It was established that 

optimal content of cation exchange resin with immobilized metal ions is 2 wt% and optimal 

content of metal oxides is 0.25–0.30 wt%. 

Conclusion 

Thus it can be assume that the examined catalysts demonstrate high activity in the 

transesterification reaction of TG by ethyl alcohol. The catalysts make it possible to achieve high 

transaction rate of raw materials. The obtained results indicate the applying feasibility of 

catalysts based on the cation exchange resin with immobilized metal ions or metal oxides in the 

transesterification reaction of TG by ethanol.  
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