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Abstract 

The vegetable oils are one of the most perspective renewable raw materials due 

to biodegradability and non-toxicity inherent them and also wide area of 

application. The vegetable oils – these are fats and lipids containing 

triglyceride molecules. Due to increase of ecological problems (complexity of 

waste utilization, non-degradable biological resources, greenhouse effect, etc.) 

and the expected reduction of the oil reserves, the renewable biological 

resources of plant origin are of particular importance. The epoxidated 

vegetable oils are one of the largest industrial applications of the vegetable oils 

and are widely used as the plasticizers and intermediate products for synthesis 

of polyols or unsaturated polyesters. The high-efficient monomers, polymers 

and composites on the basis of the epoxidated vegetable oils can successfully 

substitute the analogous products prepared from epoxide resin on the basis of 

the oil. In generalized review the methods of preparation, properties and areas 

of applications of the epoxidated vegetable oils published in scientific literature 

are considered 

Keywords: epoxidation, vegetable oil, oxirane content, peracids, ion-exchange resin, 

metallic catalysts 

Introduction     

The direction of use of renewable raw material in the chemical industry is actively 

developed due to expected reduction of the oil reserves and increase of the ecological problems. 

The vegetable oils are one of the very perspective, accessible and cheap types of renewable 

sources, which together with biodegradability and low toxicity made them an attractive raw 

material for chemical industry [1-6]. The alkyl esters of fatty acids widely used as an additive to 

diesel fuel – "biodiesel” are of particular interest [7-9]. An availability of double bonds in the 

hydrocarbon chain of ethers enables their chemical modification and expansion of areas of 

application [1, 2]. 
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Vegetable Oils: Preparation, Properties and Application 

The vegetable oils (VO) are the mixture of triglycerides – glycerin triesters with fatty acids 

(Fig.1). The fatty acids are 94-96% from total mass of triglyceride molecules, their chain length 

is vibrated from 14 to 22 carbon atoms (the most common are C16 and C18) from 0 to 3 double 

bonds per chain [5,11]. 

 

Fig. 1. General structure of triglyceride, basic component of the vegetable oils.                              

R1, R2, R3- alkyl/alkenyl residues of fatty acids 

More than 1000 fatty acids have been identified, but only about 20 are present in VO in  

considerable quantities [5,11]. The composition of fatty acids varies depending on plant species, 

crop, season and growing conditions (Fig.2 and Tab. 1) [5, 11].  
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Fig. 2. Structure of some fatty acids 

Table 1. The most expanded fatty acids of vegetable oils  

Trivial name  Name  Structure 

(C:DС)* 

Formula  

Lauric acid Dodecanoic acid  12:0 C12H24O2 

Myristinic acid  Tetradecanoic acid  14:0 C14H28O2 

Palmitinic acid  Hexadecanoic acid  16:0 C16H32O2 

Stearic acid  Octadecanoic acid  18:0 C18H36O2 

Arachic acid  Eicosanoic acid   20:0 C20H40O2 

Behenic acid  Docosanoic acid  22:0 C22H44O2 

Lignoceric acid  Tetracosanoic acid  24:0 C24H48O2 

Palmitoleic acid  cis-9-hexadecenoic acid  16:1 C16H30O2 

Oleic acid  cis-9-octadecenoic acid  18:1 C18H34O2 
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Cont. of Tab.1 

Linoleic acid  cis, cis-9,12-octadecadienoic 

acid  

18:2 C18H32O2 

Linolenic acid  cis, cis, cis-9,12,15-octadeca- 

trienoic acid  

18:3 C18H30O2 

α-Eleostearic acid cis, trans, trans-9,11,13-

octadeca-trienoic acid  

18:3 C18H30O2 

Erucic acid  cis-13-dosocenoic acid 22:1 C22H42O2 

Ricinoleic acid  9-12-hydroxy-cis-9-

octadecenoic acid  

18:1 C18H34O3 

Vernolic acid  12,13-epoxy-cis-9-

octadecenoic acid  

18:1 C18H32O3 

Lycanic acid  4-oxo-cis, trans, trans-, 11,13-

octadeca-trienoic acid  

18:3 C18H28O3 

*C – shows a quantity of carbon atoms and DB – number of double bonds in the chain of 

fatty acids 

Some fatty acids have been saturated (lauric, myristinic, palmitinic, stearic, arachic, 

behenic and lignoceric acids), while the others are monosaturated (oleic and erucic acids) or 

polysatutrated (linoleic and linolenic acids) [12]. The oils with ricinoleic, vernolic and lycanic 

fatty acids can contain also the other functional groups, such as hydroxyl, epoxide and carbonyl 

groups, respectively [13,14]. 

In recent years the world production of the main oily cultures increased from 331 to 457 

mln.t. Correspondingly, the world production of main VOs increased from 95 mln.t in 2002/2003 

to 154 mln.t in 2012/2013 and to 202 mln.t in 2015 [15, 16]. It was known that the growing 

demand has been primarily connected with the demand for biodiesel [7-10]. Although VOs are 

basically produced for food purposes or as animal feed, a small number of them, in particular, 

castor and linseed oils are exclusively used for industrial purposes [16, 17]. 

An isolation of the vegetable oils from biomass is fulfilled by both mechanical and mortar 

extraction. After isolation the vegetable oils are purified (refined) for preparation of highly-

qualitative products without impurities [5,12]. 

The physical-chemical properties of VOs considerably depend on their composition: 

distribution of fatty acids, quantity and position of double bonds in the aliphatic chains, on which 

their areas of application as renewable raw material for production of chemically important 

substances depend (Tab. 2 and 3) [17-19].  

The iodine number is the measurement of a number of unsaturated bonds in aliphatic chain 

and is used for control of quality of hydrogenation process and stability to oxidation of the 

vegetable oils, fatty acids and triglycerides [20].   
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Table 2. Distribution of fatty acids in the vegetable oils  

 

Oil 

 

Fatty acid,  % 

Palmitinic  Stearic Oleic  Linoleic  Linolenic  Other 

Castor  1.5 0.5 5.0 4.0 0.5 87.5 

Corn  10.9 2.0 25.4 59.6 1.2 – 

Cotton  21.6 2.6 18.6 54.4 0.7 – 

Linseed  5.5 3.5 19.1 15.3 56.6 – 

Olive  13.7 2.5 71.1 10.0 0.6 – 

Palm  39.0 5.0 45.0 9.0 – – 

Rapeseed  5.0 14.0 15.0 14.0 9.0 43.0 

Soyabean  11.0 4.0 23.4 53.3 7.8 – 

Sunflower 6.0 4.0 42.0 47.0 1.0 – 

Table 3. Physical-chemical properties of some vegetable oils  
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Castor  259.0-325.0 0.951/0.966 1.473-1.480 from -20 to -10 82-88 

Linseed  30.50 0.925/0.932 1.480-1.483 -20 168-204 

Soyabean  35.40 0.917/0.924 1.473-1.477 from -23 to -20 123-139 

Sunflower  33.31 0.916/0.923 1.473-1.477 from -18 to -16 125-140 

Corn  28.70 0.924 1.471-1.473 from -10 to -15 118-128 

Rapeseed 54.10 0.914/0.917 1.465-1.467 - 10 110-126 

Cotton 37.9 0.917/0.930 1.468-1.472 from 0 to -2 99-113 

Olive  43.20 0.907 1.468-1.471 from 7 to 10 75-94 

Palm   47.80 0.890/0.893 1.453-1.456 from 33 to 40 50-55 

Based on the iodine number values, VOs are divided into three main classes: (1) "drying 

oils" (I.n. higher 130, e.g. linseed oil); (2) "semi-drying oils" (I.n.90-130, e.g. sunflower and 

soybean oils); and (3) "non-drying oils" (I.n. below 90, e.g. palm and olive oil [20-22]. 

VOs are mainly used in the production of biofuels, lubricants, coatings, paints, varnishes, 

plasticizers, agricultural chemicals, pharmaceuticals, construction materials, etc [17]. VOs used 

in the chemical industry offer a wide range of possibilities, which the petrochemical industry can 

not provide [1-5, 23, 24].  

The coconut and palm oils are suitable for processing into surfactants for washing, 

purification and cosmetics, as they mainly consist of short or medium chain fatty acids (from 12 
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to 14 carbon atoms). In its turn, the palm, soybean, rapeseed and sunflower oils are specially 

used as raw materials for use in polymers and lubricants, as they mainly consist of saturated and 

unsaturated fatty acids with a long chain [23-25]. 

The chemical modification of VOs having double bonds in its composition essentially 

expands the areas of their application. 

Chemical Modification of Vegetable Oils  

The physical and chemical properties of VOs can be modified by means of various 

chemical reactions. Actually, the chemical modification of VOs is the important direction for 

development of the new high-effective and ecologically safe ways of reactions leading to new 

products and for search of new applications to already existing oleochemicals [18, 19, 23]. 

An abundance of the reactive functional groups in VOs makes them the useful 

oleochemical raw materials [23]. Triglyceride molecules in the composition of VOs have some 

active functional groups, such as double bonds (1), allyl carbon atoms (2), ester groups (3),         

α-carbonyl carbons (4) and ω-carbon atoms (5) (Fig. 3), which can be used for their modification 

[18, 19, 23]. The methods of chemical modification on double bond, as shown in Fig.3, include 

the oxidation reaction, hydroformylation, hydrogenation, carbonylation, epoxidation, etc. Among 

these reactions, the epoxidation of the vegetable oils and the preparation of epoxidated products 

are of particular importance. 

 
Fig. 3. Active functional groups in the composition of triglycerides: 1) double bond;                           

2) allyl carbon atoms; 3) ester groups; 4) α- carbonyl carbons;  5) ω- carbon atoms 

Methods of epoxidation of the vegetable oils 
In recent years, a huge review material and scientific papers on epoxidation of products of 

plant and animal origin, as well as their derivatives has been accumulated. The objects of study, 
as a rule, are VOs, unsaturated fatty acids and their derivatives [26-38]. 

The spectrum of products prepared after epoxidation of VOs or their fatty acids (FA) is 
quite varied due to active groups in their composition and possibilities of formation of mono-, di- 
or triepoxides (Fig.4) [15]. 

Some possible chemical reactions of active triglyceride molecules:  
1) Double bond  2) Allyl carbon  3) Ester group  

- oxidation  - halogenation - hydrolysis 
- epoxidation  - hydroreoxidation  - alcoholysis 
- hydroformylation - hydroxylation - transesterification  
- dimerization - electrochemical acetylation - saponification 
- ozonolysis   

 
- halogenation 

- metathesis - reduction  
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 (4) α-carbon  
- thiolenic addition  - α-sulphurization - amidation 
- hydrogenation - α-halogenation  

(5) ω-carbon  - pericyclic reaction  - alkylation 
- sulphurization - acylation - ω-oxidation 

- carbonylation - Claisen condensation 

 

 

 
                                                                 or                     

 

Fig. 4. Products prepared at epoxidation of trioleate  

The double bonds in VO are mainly used as the reactive centers for achievements of 

oxidative film-formation. They can be also functionalized by carrying out of the epoxidation 

reactions. Only in recent years it began to use widely the epoxidized vegetable oils (EVO) in the 

various fields. The epoxidated oil contains an epoxide group or, so called, oxirane ring [25]. The 

usual synthesis process of the epoxide compounds has been known as the epoxidation process, 

where alkene is subjected to interaction with organic peracids.  

The following methods of epoxidation of the vegetable oils are known: 

• Traditional method with use of peracids; 

• Method with use of acidic ion-exchange resin (AIER); 

• Method with use of enzymes; 

• Method with use of the metallic catalysts; 

• Other methods. 

Traditional method 

The Prilezhaev reaction is most widely used for epoxidation of fatty acids and 

triacylglycerides of VO, which is usually carried out with use of peracids formed by in situ 

reaction of carboxylic acid with concentrated hydrogen peroxide [39]. This process is also 

carried out in industrial scale. Two oxidizers are mainly used: performic and peracetic acids, 
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prepared by in situ reaction of hydrogen peroxide as a donor of oxygen and carboxylic acid, such 

as formic acid or acetic acid, respectively. In use of formic acid the reaction can be carried out 

without use of the catalyst. But, the reaction with acetic acid requires the application of strong 

inorganic acid, such as HCl, HNO3, H3PO4 and the most widely used H2SO4 [39-41]. It has been 

shown that from all liquid inorganic acids studied as the catalyst, H2SO4 was the very high-

effective one [41]. The epoxidation reaction mechanism has been presented in Fig.5.  

 

 

 

 

 

 

Fig. 5. Formation mechanism of epoxides in the presence of peracids. 

The formic acid shows more higher rate at formation of epoxides, but in the presence of 

acetic acid it is observed the larger conversion of double bonds (per 10%) selectively on epoxide 

[41]. With hydrogen peroxide, but without application of peracids, the epoxidation reaction 

doesn’t proceed, as a peracid participates in transfer of active oxygen from aqueous phase to oil 

[42]. The use of strong mineral acid as the catalyst has such lacks as low selectivity and 

consequently, low content of epoxides in the end product stipulated by side reaction of opening 

of epoxide ring in the acidic conditions, which leads to the formation of a number of by- 

products, such as diols, hydroxyl esters and dimers (Fig. 6) [28, 43, 44]. In addition, the mineral 

acid, further to acetic one, increases an acidity of medium and causes more rapid reactor 

corrosion and therefore, it is required a large quantity of reagent necessary for neutralization and 

removal of acid from end product [45, 46]. At the same time, a use of peracids in large quantities 

is also very dangerous due to its instability and explosion at high concentrations [47]. 

 
Fig. 6. By-products of the reactions with epoxides in the presence of inorganic acidic catalysts 

Meyer and et al have carried out the epoxidation reaction of the soybean oil at 50°С and 

atmospheric pressure about 10 h with maximum conversion 83,3% [48]. Analogously, Cai and et 
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al have studied the kinetics of in-situ epoxidation of the soybean, sunflower and corn oils in the 

presence of peracetic acid catalyzed by H2SO4. They have detected that the soybean oil has the 

highest conversion rate and the lowest activation energy at epoxidation [49]. Lian Kun Jia and et 

al have synthesized the polyesterpolyols on the basis of EVO with the subsequent opening of 

epoxide ring. They have obtained the epoxidated cotton oil with content of epoxide oxygen 5.25-

6.15 % mass with use of performic acid synthesized in situ from hydrogen peroxide and formic 

acid, where  for the first time HBF4 (40 % mass) was used as the catalyst [50].  

Method of epoxidation with application of acidic ion-exchange resins  

As heterogeneous catalyst of epoxidation of VO it is used an acidic ion-exchange resin 

(AIER) with improved yield and/or selectivity instead of inorganic acids. Being solid and 

insoluble, AIER as the catalyst has advantages such as increase of selectivity, suppression of 

undesirable side reactions and easiness of separation of the catalyst from the resin [51, 52]. The 

formation of peracid (НСООН/СН3СООН) occurs inside of the matrix of a ball-shaped catalyst, 

whose pores are quite small, and, therefore, H2O2 and carboxylic acid can penetrate into the 

pores, but on the contrary, fatty acids are not. The epoxidation reaction of VO occurs outside the 

matrix AIER. The particle sizes of the catalyst AIER strongly influences on  epoxidation reaction 

behavior rate as it shows an influence on penetration of H2O2 and acetic acid inside the resin and 

consequently, on rate of in situ formation of peracetic acid [53-55]. 

Still in 1978 the Chalabiyev Ch. A., Salakhov, M. S. et al have studied some regularities of 

the epoxidation reaction of the soybean oil by peracetic acid in situ in the presence of cationite 

KU-2. It has been shown that a cationite KU-2 at 10-fold use does not lose activity, and an 

epoxide number of the prepared product reaches 6.9% against 4.7% of product prepared in the 

presence of sulphuric acid. The probability of opening of epoxide ring with the participation of 

cationite KU-2 is 30% less than in use of sulfuric acid as the catalyst [56].   

Dinda and et al. [41] and Mungroo and et al. [57] have studied the catalytic activity of 

AIER at epoxidation of canol and cotton oil, respectively, in the presence of peracetic acid as an 

oxidizer with yield of epoxides to 65% and high selectivity to 90%. Borugadda V.B. and Goud 

V.V. have reported about epoxidation of methyl ethers of fatty acids of the castor oil with use of 

AIER – Amberlite IR-120 (H) [58]. However, this catalyst has the lacks, which limits its large-

scale application, such as greater resistance to mass transfer, long reaction time, high cost and 

irregularity of distribution of the acidic sites [58]. 

Cai S. and Wang L. have used SO3H-functional ionic liquid as the catalyst of epoxidation 

of methyl ethers of fatty acids and prepared the conversion of double bonds in epoxide group to 

84,4%. They consider that this is "purposeful ionic liquid" with properties like flexibility, non-

volatility, non-corrosion and immiscibility with many organic solvents, as the catalyst has a huge 

potential and can successfully substitute the conventional homogeneous/heterogeneous acidic 

catalysts [59].  

Gurbanov M.S. and Mamedov B.A. have showed that the other cation-exchange resins can 

be also used in the epoxidation reaction. In use of chlorinated cation-echange resin KU-2.8 as the 

catalysts they have reached the conversion of double bonds of fatty acids of the corn oil to 98% 

[45].  
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Enzymatic method of epoxidation 

The reactions connected with biocatalysis are more ecological and selective. The 

enzymatic method favors considerable formation of epoxides, as the ferments suppress the 

undesirable reaction of opening of epoxide ring, which can lead to the high selectivity of process 

[2, 60]. In addition, by immobilization of enzymes on carriers one can improve their stability and 

achieve an easiness of separation from epoxide resin [61]. The immobilized “Candida Аntarctica 

Lipase В” is one of enzymes used in most chemical-enzymatic reactions on epoxidation of VOs, 

such as soybean, rapeseed, linseed and sunflower and possesses excellent stability and high 

activity [44, 62]. Hilker and et al have showed that temperature and concentration of H2O2 

influence on Lipase activity [63].  

Ursula et al. have showed that Lipase catalyst due to its stability and activity can be 

repeatedly reused in the epoxidation process with high yields [4]. Shangde Sun and et al. have 

studied the oil epoxidation reaction of seeds Sapindus mukorossi with use of hydrogen peroxide 

as a donor of oxygen and stearic acid as an active bearer of the hydrogen in the presence of 

immobilized lipase “Candida Аntartica B”. They have showed that the temperature and 

concentration of enzyme essentially influence on epoxidation process and reaction time and ratio 

of components don’t influence on it. Temperature rise showed a negative influence on activity of 

enzyme [64]. 

Klass M. and Warwel S. have worked over complete and partial epoxidation of VOs such 

as rapeseed, sunflower, soybean and linseed, with use of immobilized lipase catalyst with 

selectivity on epoxide more than 90% [65]. Rosana de Cassia and et al have investigated the 

epoxidation of methyl ethers of the sunflower oil with use of lipase ”Candida Аntarctica B” and 

aqueous H2O2 in the presence and in the absence of acyl donor in two-phase system 

(CH2Cl2/H2O). It has been reached the conversion of double bonds higher 99% after 16 h at 30°С 

and in use of 10 mol of octane acid per 1 g of oil, 6 ml of dichloromethane and 5 ml of water 

[66]. Orellana-Coca and et al have investigated the influence of the reaction conditions on 

epoxidation of linoleic acid catalyzed by Lipase. They have showed that an excess quantity of 

H2O2 in relation to quantity of double bonds in fatty acid considerably decreases the reaction 

time [67].  

It is necessary to note that a low stability of enzymes in certain reaction conditions limits a 

possibility of the industrial application of this method. The enzymes, as is known, are stable at 

temperature to 50
o
C and this condition unfavorably affects the complete decomposition of H2O2 

and, therefore, at epoxidation of VOs in these conditions the catalytic activity is considerably 

decreased.  

Epoxidation in the presence of metallic catalysts 

The researchers are always looking for new methods for improvement of the technological 

indices of known processes and they want to make a contribution to increase of the yield of 

epoxides and improve of the epoxidation reaction efficiency with use of various metal catalysts 

such as titanium, molybdenum, wolfram, rhenium, etc [36]. The problems of creation of high-

effective catalytic processes for epoxidation of VOs directed to overcoming of lacks of 

traditional and enzymatic methods, using more stable metal catalysts and new technologies are 
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considered. Campanella and et al have worked on epoxidation of the soybean oil and its esters in 

diluted solution (6 % mass) of hydrogen peroxide with use of amorphous heterogeneous catalyst 

Ti/SiO2 in the presence of tret-butyl alcohol. An application of Ti on amorphous silicon dioxide 

leads to the formation of active oxidation catalyst, which shows a high efficiency at epoxidation 

reaction with hydrogen peroxide and in the conditions of experiment the side reaction of opening 

of epoxide ring is not observed [68].  

Mohamed T.B. et al have worked on kinetics of epoxidation of the sunflower oil with use 

of wolfram compounds as the catalyst. But, in this case, they have obtained the smallest 

conversion in comparison with epoxidation in the presence of the acidic catalysts [69]. A use of 

methyltrioxo-molybdenum or rhenium as the catalyst requires an application of the smallest 

quantity of H2O2 and reaction time in comparison with traditional method [70, 71]. 

The catalytic systems on the basis of polyoxometals of wolfram and molybdenum have 

been developed for epoxidation of alkenes with use of H2O2 [72]. Poli and et al have reported 

that the epoxidation of methyloleate without solvents with use wolfram-containing catalyst 

“Tetrakis” with H2O2 with air oxygen as the oxidizers can decrease a dimerization of 

methyloleate and lead to complete conversion of double bonds to epoxide [73]. 

Mo complex (VI) is one of the best metallic catalysts, which can carry out the epoxidation 

reaction of olefins [72]. Farias and et al have firstly reported about epoxidation of the soybean oil 

with use of bis(acetyl acetonate) dioxomolybdenum (VI) [MoO2(acac)2] as the catalyst in the 

presence of tret-butylhydroperoxide (TBHP) as the oxidizer [74]. The reaction was carried out in 

toluene with Mo complex and TBHP and for 2 h was prepared the yield of epoxides 54%, with 

77% selectivity and 70% conversion of double bonds in the oil. In a state of high oxidation the 

complexes of transition metals favor heterolysis of hydrogen peroxide with formation of 

alkylhydroperoxides. An advantage of use of alkylhydroperoxides as epoxidated agents include 

relatively high yields, high degree of selectivity, easy accessibility and convenience of use in 

diluted form with the aim of decrease of risk elements during epoxidation. In comparison with 

catalyst Ti-MCM-41 in the presence of complex catalyst Mo(VI) the high conversion rate or 

high selectivity was not reached; however, it was reported about the successful VOs epoxidation 

using complex catalyst Mo(VI) [74]. The investigations on increase of conversion and selectivity 

of the epoxidation reaction can favor industrial use of Mo(VI) complex as the catalyst [72]. 

It was known that the metal-porphyrines are the complex compound of porphyrine and 

metal and these compounds selectively catalyze the various reactions, such as oxygenation, 

oxidation, oxidative chlorination, dismutation, etc. Zhang and et al have epoxidated the methyl 

ethers of fatty acids (MEFA) with use of tetraphenylporphyrine modified by variable metals 

(such as, Mn, Fe, Co, Ni, Zn) and electron-donor substituents (Fig. 7) [75]. 
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Fig.3. Structure of metal-porphyrin used at catalytic epoxidation of methyl ethers of fatty acids  

 

Other methods of epoxidation 

Epoxidation with application of dioxyranes  

The dioxiranes are one of the most multipurpose reagents for epoxidation, since they 

transfer effectively the oxygen to various organic substrates [76, 77]. The dioxirane is made 

either preliminarily in separate solution or in-situ [78]. The dioxiranes are powerful and selective 

oxidizers for alkenes enriched by electrons, whereas alkenes with a low content of electron, such 

as α,β-unsaturated acids, esters and ketones and β-oxoenol ethers [79-84] for complete 

conversion  require the carrying out of reaction at higher temperature (to 30
o
С), the reaction time 

(to 2 days) and concentration of dioxirane (to 3 eqv.). Dimethyldioxirane (DMDO) is the 

simplest form of dioxirane. This reagent is not commercially available due to instability at 

transportation and storage, but it can be obtained by interaction of acetone and triple salt 

Oxone® (2KHSO5·KHSO4·K2SO4) in the laboratory both in small and in large scales [79]. 

Adam and et al have assumed that the control of pH from 7,0 to 7,5 by means of phosphate or 

bicarbonate buffer solution is necessary for formation of dioxirane in-situ [80]. Frohn and et al 

have reported that the yield of some chiral ketones strongly depends on рН value and the 

reaction at high рН is more efficient. He considers that the preferred one is the formation of 

oxyanion at high рН, which leads to the effective formation of DMDO [78]. The investigations 

on epoxidation of the vegetable oil catalyzed by ethylmethyldioxirane (EMDO) analog of 

dioxirane were carried out. Akintayo has reported about complete conversion of double bond in 

the oil epoxidation Plukenetia conophora [85].  Sonnet and et al have reported about epoxidation 

of methyloleate and methylricinoleate to corresponding epoxides with use of dioxiranes with 

high yield [86]. These reactions were carried out at two-phase regime with use of 2-butanone as 

the solvent [87].  

Epoxidation with use of supercritical carbon dioxide 

The supercritical carbon dioxide is mainly used for extraction and chemical reactions. CO2 

is a cheap, non-combustible and ecologically pure compound. Gao and et al have reported that 

the supercritical CO2 can be used for asymmetric epoxidation of olefins with chiral salen-Mn(III) 

complexes soluble in СО2 as the catalyst [88]. Lee and Van have investigated the epoxidation of 

the soybean oil with use of hydrogen peroxide in the supercritical carbon dioxide gas. Their 
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results showed that a presence of NaHCO3 or catalyst of phase transfer of sodium 

dodecylbenzosulfonate considerably improved the soybean oil conversion [89]. 

Process of purification of crude epoxidated vegetable oils  

After epoxidation process the crude resin is washed with water and aqueous solution of 

sodium carbonate (Na2CO3) with the aim of removal of excess of H2O2 and carboxylic acid, 

which have been dissolved or suspended in the crude resin. In most of the literature materials on 

epoxidation, the conditions of the washing stage and a quantity of used reagent are not 

completely opened. They have discrepancies about the washing process, which may be 

uneconomical in application on a larger scale. 

In some papers, it is proposed to wash the unpurified resin several times with an excess of 

warm water until complete purification [55, 90, 91]. Gamage and et al purify the crude resin 

washing with exact quantity of sodium hydrocarbonate (quantity is not shown) [92].  The 

investigations of Cai and et al consist in that the crude resin was washed with warm water (35-

45
o
C), then with diluted solution of Na2CO3 until рН not became neutral [49]. Pan and et al have 

firstly washed the crude resin five times with water and then with a saturated solution of Na2CO3 

for complete removal of acetic acid [93].  Espinoza and et al have firstly washed the resin three 

times with saturated solution of Na2CO3, and then three times with water. The volume of 

solution Na2CO3 and water was three times more than the volume of epoxidated vegetable oil 

[94].  

After washing the resin was dried by anhydrous magnesium sulphate (MgSO4). The 

anhydrous MgSO4 has a high affinity for water and adsorbs water molecules from the resin. In 

most papers it has been not specified a quantity of used MgSO4, but Espinoza and et al have used 

MgSO4 in a quantity of 20% from weight of the resin [94]. Pan and et al have taken MgSO4 

approximately 6-7% from weight of the resin. For justification of these taken quantities no 

calculations have been made. The observed difference in a quantity of used MgSO4 can be 

stipulated by time for separation of water and organic phases at the last washing stage [93]. 

The solid hydrated MgSO4 is usually removed from resin by vacuum filtration. However, a 

type of used system of filtration has also a special importance in preparation of pure products 

[95]. There are various types of the solid-state liquid filtration systems: pressure, vacuum, 

centrifugal, gravitational, depth filters, granulated layers, cartridges and membranes [96]. The 

epoxidated vegetable oils – viscous liquids and dilution of resin by solvent is usually used for 

facilitation of filtration process.  

Physical-chemical properties of epoxidated vegetable oils  

The most important physical properties of the EVO are the viscosity and transparency. The 

chemical EVO are basically determined by content of oxirane oxygen or by epoxide equivalent 

weight, by quantity of unreacted double bond found on value of iodine number, by quantity of 

water in the resin after drying, by values of acidic number for residual acid and hydroxyl number 

[97]. The low values of iodine number, hydroxyl number and water content are desirable for 

epoxidated resin from vegetable oil. The low values indicate to more high degree of conversion 

of unsaturated bonds in the chain of fatty acids. The low hydroxyl number indicates to very small 
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opening of epoxide ring to hydroxyl group. It is always necessary to maintain a low water 

content, as water favors opening of the epoxide ring. In the direct synthesis of polyols from 

EVO, the moisture content is not taken into account.  

The permissible values of the basic chemical indices for commercial epoxidated  soybean 

oil are: iodine number value – less 0.05, oxirane ring – more 6.3% and water – less 300 ppm 

[96]. However, the oxirane content is varied depending on type of the oil variety and degree of 

epoxidation. A degree of epoxiodation or conversion of double bonds can be calculated on iodine 

number value before and after epoxidation. 

A viscosity of EVO is considerably higher than in the corresponding vegetable oils owing 

to forming oxirane functionality. The investigations showed that a viscosity of synthetic epoxide 

resin (on the basis of oil) is 209±2.8 mPa·s, epoxidated soybean oil – 169±0.1 mPa·s, and 

epoxidated oil of canol – 129±2.0 mPa·s [94]. The established highest viscosity limit is 500 

mPa·s [98]. 

The other important index of the vegetable oils – this is an acidic number, which 

determines the concentration of the acidic groups in the oils. Its value is obtained by mass 

measurement of potassium hydroxide (KOH) in mg, which is required for neutralization of acid 

in one gram of the sample [99, 100].  

Fields of use of the epoxidated vegetable oils 

Owing to high reactivity of epoxide groups in the composition of the epoxidated vegetable 

oils (EVO) on their basis one can obtain the wide spectrum of the chemical substances, for ex., 

polyols, glycols, carbonyl compounds, lubricating materials, plasticizers for polymers, cast resins 

and adhesives, etc [28, 101, 102].  

Now in the industrial scale only the epoxidated soybean oil (ESO) is produced. It is mainly 

used as a plasticizer and stabilizer (hydrogen chloride catcher) in PVC composition and is 

considered as a good substitution for phthalates-plasticizers harmful for human organism [103]. 

It was known that as soon as PVC is subjected to heat and/or light, it is isolated HCl, which can 

cause an appearance of undesirable color and rapid deterioration of the polymer [104, 105]. The 

plasticizers, integrated into the rigid polymer chain improve their flexibility, workability and 

extensibility and thereby increase the possible areas of their application. The chain of 

triglycerides in ESO creates an elastic, semi-flexible or rigid elastomer structural net in treatment 

by anhydrides, curing by amines (amine curing) or UV-curing. ESO in PVC composition showed 

the better property against ageing in comparison with oil plasticizers [36, 106].   

EVOs are considered to be excellent high-temperature lubricants with high oxidation and 

mechanical stability [84, 107-110]. Borugadda and Goud have showed that the epoxidated castor 

oil possesses improved lubricating properties, such as high density, high kinematic viscosity 

value and low congelation temperature, probably, due to stronger interactions between epoxide 

molecules [58]. For improvement of properties of lubricants the polyols with branched ester 

groups have been prepared with use of the epoxidated vegetable oils as the intermediate 

products. In the acidic conditions the epoxide ring is opened to obtain alcohols, which are then 

subjected to esterification reactions [111].  
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It has been shown that EVOs used in composite materials, have more low thermal and 

mechanical properties in the end product in comparison with synthetic resin [112]. This has been 

connected with lower oxirane functionality in EVO in comparison with synthetic resin. 

Therefore, it is proposed to use a combination of EVO with synthetic resin jointly with suitable 

hardener [106]. Some investigations have been carried out for improvement of properties of  the 

composition materials in epoxide mixtures and also for increase of fraction of EVO to 35-50% in 

them [103, 113].  

The new high-functional EVOs have been developed and used as the thermoreactive 

materials in coatings [114-116] and composition materials [117]. The high epoxide functionality 

of EVO led to rapid gelation and higher density of the cross-linked compound, similar to 

synthetic epoxide resin [118-120]. The good thermal and mechanical properties observing in the 

use of EVO, attracts the interest of many companies. 

The idea of use of renewable bioresources in anticorrosion coating technology has a 

decisive importance for decrease of dependence on oil products [121]. The development of 

materials for anticorrosion coating from renewable sources, such as accessible and cheap 

vegetable oils, can considerably decrease their cost at large-scale production. The natural 

epoxidated oils, such as, Euphorbia lagascae and Vernonia galamensis, are unusual phenomenon. 

The epoxides of methyl ether of oleic acid have good properties both corrosion inhibitors and 

polymer binders [122]. The anticorrosion properties of dihydroxystearic acid prepared from 

hydrosilylated epoxidated fatty acid of the palm oil showed that they exceed properties of bis(2-

ethylhexyl)sebacianate and tris(2-ethylhexyl)phosphate on inhibitory capacity [123].  

The reaction of the epoxidated fatty acids with low-molecular mono- and polyfunctional 

alcohols or acids with opening of epoxide ring leads to the formation of polyols, which are used 

in preparation of polyurethanes, glues and cast resins [124, 125]. Polyols based on palm oil can 

also be used as raw materials in the production of flexible polyurethane foam for preparation of 

carpets, sandwich panels, etc [126, 127].   

The oleic acrylate prepared from corresponding epoxide of palm oil was used in the resin 

synthesis cured by UV-radiation [128]. High deformation energy in the chain of fatty acid favors 

the crosss-linking and curing of epoxide resin. With increase of number of opened epoxide rings 

a crosslinking can proceeds more successfully, and a quality of the prepared plastic will be 

higher [55].  

In the pharmacology the epoxygenase of the epoxidated arachidonic acid catalyzed by 

cytochrome P450 generates the corresponding epoxyethylated fatty acid (epoxyethoxytrienoic 

acid). The prepared acid as a mediator participates in the regulation of various bioprocesses, 

including inflammation, ache, etc [129].  

Conslusions 

Concern over the increasing ecological problems, expected restrictions in oil supply and 

mineral resources again shows the importance of use of the vegetable oils and their epoxidated 

derivatives in various fields. The epoxidated vegetable oils, as renewable and biosafe materials, 

have the unlimited and bright prospects for the future. The possibility of application of the 

epoxidated vegetable oils in various fields made this product a valuable intermediate or end 
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product due to universality of the properties of their epoxide groups in various chemical 

reactions allowing to prepare the materials with “green properties”, such as biodegradability and 

absence of toxicity.  

The investigations on development of synthesis methods of the epoxidated vegetable oils 

and their fatty acids should provide the preparation of resins with high: yield, selectivity and 

content of epoxide group. For industrial implementation, both the conditions of the epoxidation 

reaction and the purification of the purposeful product from impurities are of particular 

importance for decrease of exploitation of consumptions and avoid of side reactions. Traditional 

method of carrying out of epoxidation with in-situ formation of peracid, as usual, is the most 

convenient method today for large-scale production. 

It has been shown in this review that for selective epoxidation of the vegetable oils and 

their fatty acids several catalytic systems have been developed. The special efforts are being 

made to meet the high requirements on development of new processes of stable and "green 

chemistry" to find an alternative to the traditional epoxidation process of the vegetable oils and 

their derivatives. The necessity of substitution of the fire- and explosive peracids and hydrogen 

peroxide requires the development of the new active catalysts for epoxidation reaction. 

Now, it is impossible to conclude, which types of catalysts are superior in activity, 

selectivity and stability, since the direct comparative investigations are still rare and the 

conditions of carrying out of these reactions are essentially differed. In addition, a use of toxic 

solvents in some cases complicates the feasibility evaluation of these methods in large-scale 

processes. 

In this sense, not only catalysts on the basis of titanium or polyoxometallate, but also 

organometallic complexes attract the attention of researchers. All catalysts have a unique 

combination of properties, which make them attractive in the epoxidation process of VO. 

Naturally, in the future, in the epoxidation processes of both vegetable oils and simple olefins, 

the nanosized metal catalysts, which are not affected in this review, will be of particular 

importance. 

The epoxidated vegetable oils and fatty acids are widely used in the preparation of polyols, 

glycols, carbonyl compounds, lubricants, plasticizers for polymers, cast resins and adhesives, 

anticorrosion inhibitors and coatings, etc. 
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