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SUMMARY 

Roman Starchevskyi. Transesterification of triglycerides in the presence 

of heterogeneous catalysts.  Qualifying scientific work on the rights of the 

manuscript. 

The dissertation for the Doctor of Philosophy (PhD) degree on specialty 161 

 Chemical technology and engineering. Lviv Polytechnic National University, 

Ministry of Education and Science of Ukraine, Lviv, 2021. 

The dissertation is devoted to the development basics of vegetable oils 

transesterification technology with ethanol and butan-1-ol in the presence of metal 

oxides as effective catalysts, which providing high technological indicators of the 

process and characterized by easy separation from the reaction mixture and by 

possibility of multiple use in transesterification reaction without regeneration. 

The analysis of scientific and technical literature concerning production of 

fatty acids esters by transesterification of vegetable origin fat-containing raw 

materials in the presence of lower aliphatic alcohols has been performed. The 

existing studies in the field of homogeneous and heterogeneous catalysis of 

transesterification reaction were analyzed. The main disadvantages of 

homogeneous catalysis have been established, such as low environmental 

friendliness of the process, problematic separation of catalysts from the reaction 

products, a high proportion of costs for purifying reaction substance and glycerin 

in total cost of the esters, and also formation of a large amount of wastewater. 

However, in spite of this, most of the industrial biodiesel producing processes are 

focused mainly on homogeneous catalytic transesterification of vegetable oils. 

Heterogeneous catalysts, described in scientific and patent literature, are 

characterized by relatively low activity, short service time, "hard" process 

conditions and a high excess of alcohol. Therefore, on basis of a literary sources 

review, the main goal and objectives of dissertation research are determined and 

ideas for their achievement are proposed. The physicochemical characteristics of 

the research objects, methods of performing experiments under stationary and non-

stationary conditions, and also methods of analyzing the acid number and specific 
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electrical conductivity of the reaction mixture, chromatographic determination of 

alcohol content in the reaction products were presented. 

It has been established, that the use of powdered metal oxides as effective 

and inexpensive heterogeneous catalysts for transesterification process, makes it 

possible to achieve high triglycerides conversion, for the process carried out under 

rather "soft" conditions. Based on achieved triglycerides conversion, the rows of 

various metal oxides activity, as catalysts for the transesterification of vegetable 

oils with ethanol and butan-1-ol, have been proposed. It is discovered that metal 

oxides are more active as catalysts of transesterification in comparison with the 

corresponding metal hydroxides. The optimal conditions for triglycerides 

transesterification reaction with ethanol and butan-1-ol were established; in 

particular, it is determined, that optimal content of zinc and iron (II) oxides in the 

reaction mixture was 0.25 wt. % at a molar ratio of ethanol : triglycerides  (4.1

5.7) : 1 and butan-1-ol : triglycerides  (15 20) : 1, which provides a conversion of 

97.8  99.1 %, and 94.0  100 %, respectively, in terms of triglyceride. 

The influence of various factors on the conversion of vegetable oils 

triglycerides in the transesterification reaction with lower aliphatic alcohols was 

studied. The use of ethyl alcohol with a water content up to 5 wt. % practically 

does not affect the conversion of sunflower oil triglycerides in the 

transesterification reaction. At 10 wt. % water content in ethanol has been achieved 

94.8 % triglycerides conversion by 150 minutes of the reaction, which is only 4.3 

% less than in case of using anhydrous alcohol. This indicates the possibility of 

using ethyl alcohol, which contains a small fraction of water, in the process of 

sunflower oil transesterification, while avoiding the energy-consuming stage of its 

drying. 

The possibility of using waste sunflower oil to obtain fatty acids butyl esters 

by transesterification of oil in the presence of butan-1-ol and oxides of zinc and 

nickel (II) as catalysts was shown. Using of waste oil in this process leads to 

decrease in the triglycerides conversion by only 2  3 % compared to the use of 

refined oil. 
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The possibility of re-using  zinc and nickel (II) oxides for the used sunflower 

oil transesterification with butan-1-ol has been investigated. The average deviation 

of the triglycerides conversion indices did not exceed 1.3 % after five repeated 

uses of  these metals oxides; the initial rate of transesterification reaction also 

remained practically unchanged. The suitability of these metals oxides for their use 

in the processing of  sunflower oil by transesterification with butan-1-ol has been 

established to obtain valuable products - butyl esters of unsaturated fatty acids. 

It was found that metal oxides, in addition to transesterification, also 

catalyze side reaction of oleic acid esterification with butan-1-ol. The kinetic laws 

of this process have been investigated under stationary conditions in the presence 

of heterogeneous catalysts  zinc and nickel (II) oxides. The main kinetic 

indicators of esterification reaction were calculated, among them: effective rate 

constants, activation energy and pre exponential factor. These indicators were used 

to calculate the oleic acid conversion in esterification reaction with butan-1-ol, 

carried out under non stationary conditions. It is shown, that the presented kinetic 

model adequately describes oleic acid esterification with butan-1-ol and can be 

used to describe the process of vegetable oils transesterification with butan-1-ol in 

the presence of metal oxides, where esterification is a side-by-side reaction. 

 In the course of experimental studies, it was revealed that zinc and copper 

(II) oxides react with oleic acid to form oleates of the corresponding metals. This 

limits their use as catalysts for vegetable oils transesterification with a high content 

of free fatty acids. 

The dependence of transesterification reaction indicators on the action of 

ultrasonic radiation on the reaction mixture in the presence of various metals 

oxides has been investigated. The different effects of ultrasonic vibrations on the 

triglycerides conversion and the initial rate of sunflower oil transesterification with 

ethanol and butan-1-ol were shown, depending on type of heterogeneous catalyst  

metal oxide. In the presence of most metal oxides, ultrasonic vibrations cause a 

slight decrease in triglyceride conversion and initial reaction rate. And using of 

iron (II) oxide and constant exposure by ultrasound at a 10-fold molar excess of 
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butan-1-ol, during 150 min of the reaction, a 9.6 % higher conversion of 

triglycerides was achieved, in comparison with the reaction, carried out under the 

normal conditions. 

On the basis of the results, obtained in course of experimental studies, 

alternative technologies have been developed for obtaining unsaturated fatty acids 

esters by transesterification of vegetable oils triglycerides with ethanol and butan-

1-ol in the presence of metal oxides, as catalysts. Basic technological schemes for 

the processes of obtaining  fatty acids ethyl and butyl esters in the presence of  

various metals oxides are presented. In case of using iron (II) oxide, it has been 

proposed to separate catalyst from the reaction mixture by an electromagnetic 

method, which made it possible to significantly simplify the technological process. 

The material and heat balances, and also the consumption coefficients of raw 

materials and energy resources, were calculated and presented for the developed 

technologies. 

A technical and economic analysis of sunflower oil transesterification 

technology with butan-1-ol was carried out, and a comparison of its main 

technological parameters with the technologies, described in the scientific and 

technical literature, was made. The production cost of main products, butyl esters 

of unsaturated fatty acids, was calculated, which at outlet from the 

transesterification reactor is 17.37 UAH/kg. 

The results of dissertation research were checked at production and research 

facility of the enterprise PJSC "Barva" (v.Yamnitsa, Ivano-Frankivsk region). And 

"Method of vegetable oils transesterification with aliphatic alcohols." 

 

Key words: transesterification, triglycerides, sunflower oil, metal oxides, 

ultrasound, ethanol, butan-1-ol, esterification, oleic acid. 

 
 
 
 
 


