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Abstract  This work analyzes the impact of the 

main process variables (agitation, pH, temperature, 

volumetric ratio and concentration levels) on the 

degradation of the oxirane ring of epoxidized vege-

table oils (VO) by hydrolysis and hydrogen peroxide 

in two-phase (polar-organic) systems, when a homo-

geneous acid catalyst is used. 

Acid hydrolysis of epoxidized VO is a very slow 

reaction that proceeds at the liquid-liquid inter-

phase, but only after an extended 'induction period' 

of several hours, during which enough active interfa-

cial area is developed. The process is transport-

controlled, as the influence of temperature was 

found to be almost negligible (Ea= 349.2  10.15 cal 

mol-1).

On the contrary, the degradation of the oxirane 

ring with aqueous H2O2 in acid media is fast and 

proceeds under a kinetic regime (Ea = 16.3  0.72 

kcal mol-1), without any observable induction times. 

If the concentration of H2O2 is kept within moderate 

values the reaction order with respect to this reac-

tant is two, the expected value. 
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I. INTRODUCTION 

The epoxidation of vegetable oils (VO) has been studied 
during the last decades owing to the commercial 
importance of these compounds as additives of 
polymers, lubricants and detergents (Wöhlers et al., 
1958; Rangarajan et al., 1995; Sinadinovi -Fišer et al.,
2001), as well as to the intrinsic interest of oxiranes as 
intermediates of synthesis that can be obtained from 
renewable resources. 

For safety reasons, these epoxidations are usually 
carried out using peracids formed in-situ, by reacting a 
carboxylic acid with concentrated hydrogen peroxide. 
Homogeneous or heterogeneous acid catalysts (viz., ion 
exchange resins) can be used, the latter being preferred 
for they allow an easy separation from the mixture. In 
both cases, though, besides the main reaction (the 
formation of the oxirane ring by reaction of unsaturated 
double bonds of the hydrocarbon chain of the VO with 
the peracid) several other, deleterious consecutive 
reactions occur. They all imply process losses via ring-
opening and must be minimized (Fig. 1). Until now, the 

only oxirane ring opening reaction which has been 
studied in detail is that of neat carboxylic acids (that is, 
in organic phase exclusively) with oxiranes from VO 
and/or fatty acid methyl esters (FAME) (Zaher et al.,
1989; Zaher and El-Shami, 1990; Gan et al., 1992). 
However, under realistic process conditions an aqueous 
polar solution is always present, which raises questions 
about the true impact of hydrolysis on ring-opening in 
the solvated, acid media. 

Figure 1: Oxirane ring opening of epoxidized vegetable 
oils (epoxidized triacylglycerides). 

In the acid hydrolysis of propylene and isobutylene 
epoxides the mechanism of ring opening is attributed to 
nucleophilic substitution (Pocker et al., 1998). These 
authors show that the type of substrate (as well as the 
nucleophile) and the pH have an impact of the type of 
substitution the system undergoes, SN1 or SN2. In a 
related paper by Johnson et al. (1996) the high 
relevance of the nature of the compound being 
hydrolyzed and the pH on the reaction mechanism are 
also emphasized. 

 


