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Abstract 

Carbonation of vegetable oils is an ideal process for sustainable green technology, because it combines 

the use of biomass and carbon dioxide. The reaction system is very demanding, because it incorporates a 

mixture of phases and catalysts. Epoxidation and carbonation of selected vegetable oils was successfully 

conducted in batch reactors. A mathematical model was developed for the carbonation and ring-opening 

reactions and the model parameters were successfully determined by non-linear regression analysis.  
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Introduction  

 

Nowadays, bio-based green materials are more and 

more popular to be applied instead of petroleum-derived 

products. Also, due to the huge demand for fossil fuels, the 

depletion of petroleum reserve and the emission of 

greenhouse gases CO2, industrial and academic 

communities focus on green technology. During the past 

decades, epoxidized vegetable oils (EVOs) have attracted 

a lot of attention from academia and chemical industries, 

because they are good candidates as renewable raw 

materials for the synthesis of eco-friendly bio-based 

materials. Carbonation of epoxidized vegetable oils is an 

excellent approach to combine biomass and CO2 

valorization (Figure 1). 

Furthermore, polyurethanes are among the polymers 

with many applications in the modern technologies, 

occupying the rank 6th with an annual production of 18 Mt 

in 2016. During the past years, many different routes to 

synthetize non-isocyanates polyurethanes have been 

explored, and one of the most promising one is the 

reaction of cyclic polycarbonates with amines. To promote 

the use of these feedstocks in industrial scale, it is 

necessary to gather physicochemical, kinetic and 

thermodynamic data for better energy integration and cost 

optimization.  

Nowadays, bio-based green materials are more and 

more popular to be applied instead of petroleum-derived 

products. Also, due to the huge demand for fossil fuels, the 

depletion of petroleum reserve and the emission of 

greenhouse gases CO2, industrial and academic 

communities have to rethink the present way of 

consumption by diminishing waste and by using renewable 

raw materials.  

The aim of this work is to model the carbonation and 

ring-opening reactions appearing in the valorization of 

vegetable oils and to determine physical properties of 

selected vegetable oils. Data collected from laboratory-

scale batch reactors were used in the modelling. 

  

  



  

 

 

 
Figure 1. Molecules in polyurethane production  

 

Physical-chemical measurements 

These properties are important because they affect  

the mass transfer or thermal transfer effects. For example, 

we have found that the specific heat capacity (Cp) is a 

function of temperature, which is relatively constant with 

temperature and does not change significantly between 

fresh vegetable oils and their derivatives. Cp follows a 

polynomial of second order with temperature. Thus, it 

allows predicting the values of Cp for each oil. In case of 

mixture, we found that it can be expressed as the 

interactions between different functional groups. A model 

expressed by the interrelated results for pure oils was 

proposed to predict the correlations towards experimental 

data. From the model fitting result, it can be noticed that 

the experimental data (the relative specific heat capacity) 

can be successfully predicted.  

 

Carbonation of epoxidized vegetable oils  

As carbonation of epoxidized vegetable oils is a 

promising way to valorize biomass and carbon dioxide. It 

is much significant to investigate the kinetic and 

thermodynamic phenomena of carbonation reactions, for 

a better energy integration and cost optimization, thus to 

promote the use of these feedstocks in industrial scale. 

. A kinetic model was developed including mass 

transfer phenomena for the carbonation of epoxidized 

vegetable oil. As the results, the kinetic parameters (such 

as the reaction temperature, the concentration of CO2 and 

catalyst) identified by nonlinear regression fit the 

experimental data very well (Figure 2).  

 

Ring-opening of epoxidized vegetable oils  

In industrial scale, the Prileschajew oxidation is used to 

produce epoxidized vegetable oils from the corresponding 

vegetable oils (Freites Aguilera et al. 2016, Zheng et al. 

2016). However, during the epoxidation reaction, one of 

the main drawbacks of this method is the presence of side 

reactions: ring opening reactions of the epoxide group. 

So, it is much more important to minimize the ring 

opening reactions and to find the most suitable reactor 

configuration, it is essential to investigate deeply the 

different ring opening reactions. A pseudo-homogeneous 

model was developed to estimate the 10 kinetic constants 

of this reaction system (Figure 3).  

 

 
Figure 2. Fit of the carbonation kinetic model to the 

experimental observations of concentrations vs time. 

 

 
Figure 3. Fit of the ring-opening kinetic model to the 

experimental observations of concentrations and time. 

 

 Conclusions 

 The carbonation and ring-opening reactions of 

selected vegetable were studied experimentally and 

modelled mathematically. The models included both the 

kinetic and mass transfer aspects. The model parameters 

were obtained with a high accuracy; therefore the model 

has predictive properties for further studies and process 

design. 
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