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1. Introduction

In this work, the kinetics of soybean oil epoxidation with hydrogen peroxide, in the presence of formic acid as 

oxygen carrier and phosphoric acid as catalyst, was studied. A biphasic kinetic model developed in a previous 

work [1] was improved considering the concomitant evolution of 4 different reactions: (1) the oxidation of 

formic acid to performic; (2) the epoxidation reaction; (3) the ring opening reaction; (4) the performic acid 

decomposition. The kinetics of the reactions 1, 3 and 4 were studied in independent way and the best kinetic 

parameters found were applied to interpret the results obtained for the reaction 2. 

2. Methods

A weighed amount of pre-heated soybean oil was initially put in contact with a concentrated solution of 

phosphoric acid. Then, hydrogen peroxide and formic acid were slowly added at a constant flowrate for about 

one hour. Afterwards, the reaction proceeded for 3-4 hours to complete the reaction. Samples of the two phases 

were withdrawn at different times and analysed for evaluating: (i) the residual Iodine Number, related to the 

residual double bonds and (ii) the Epoxide Number, related to the epoxide yields. A model was developed 

considering: (i) performic acid decomposition; (ii) CO2 formation; (iii) H2O2 consumption; (iv) the partition 

of performic acid in the two phases; (v) the change of pH in the aqueous phase. Moreover, the reactor was 

constantly monitored for what concerns the temperature, as the reaction is extremely exothermic (55 

Kcal/mol). The temperature profile along the time in the reactor was also simulated. The kinetic model solves 

19 differential equations and related kinetic-equilibrium parameters. 

3. Results and discussion

The reactions studied were: 

Reaction 1      H2O2 + HCOOH HCOOOH + H2O 

This reaction is promoted by the acidity of the aqueous phase and occurs with a kinetic law of the type [2]: 
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Reaction 2                               HCOOOH  CO2   + H2O 

The kinetics of this reaction was studied independently [2]: 
𝑟2 = 𝑘2[𝐻𝐶𝑂𝑂𝑂𝐻]𝑤

𝑘2 = 𝑘2(323𝐾)𝑒𝑥𝑝 [(
−𝐸𝑎2

𝑅
) (

1

𝑇
−

1

𝑇𝑘𝑟𝑖𝑓
)] = 0.0084 𝑒𝑥𝑝 [(

−23180

𝑅
) (

1

𝑇
−

1

323
)] (1/min), Ea2=cal/mol 



𝑟3 = 𝑘3[𝐻𝐶𝑂𝑂𝑂𝐻]𝑜𝑖𝑙[𝐷𝐵]
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Reaction 4 

𝑟4 = 𝑘4[𝐻+][𝐸𝑆𝐵𝑂](𝛼1[𝐹𝐴] + 𝛼2[𝐻2𝑂2] + 𝛼3[𝑃𝐹𝐴]+𝛼4[𝐻2𝑂]), α1≃40, α2≃α3≃ α4≃1
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Some examples of the agreement between the experimental and calculated data are showed in figure 1. In this 

run H2O2 (60%) and HCOOH (90%) solutions, kept at 25°C, were added separately to 100 g of pre-heated oil 

and catalyst, kept at 63°C, with respectively a flow rate of 0.54 mL/min the H2O2 solution and 0.19 mL/min 

the HCOOH solution. Therefore, for 23.15 minutes the two components were fed into the reactor. After this 

time only hydrogen peroxide was still fed with a flow rate of 0.54 mL/min until an overall volume of 29.8 mL 

was added: the procedure lasted 55.18 minutes. The initial temperature of 63°C after 1 hour was increased to 

72°C and kept at this value for other 4 hours.  

Figure 1 – The evolution with time of the Iodine Number and Epoxide Number values.  The lines correspond to simulation profiles and 

the symbols to experimental data.   

4. Conclusions

The kinetics of soybean oil epoxidation was studied considering all the occurring reactions and the existence 

of two phases, one polar and another one apolar.  The kinetics of performic acid formation and decomposition 

and the kinetics of epoxide ring opening reaction were evaluated independently. The obtained kinetic 

parameters were successfully employed for simulating the soybean oil epoxidation process. 
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