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Risk of thermal runaway for epoxidation is not negligible and should be analyzed and assessed. In industry, epoxidation of vegetable oils is carried out by the oxidation of Prileschajew, involving the in situ production of percarboxylic acid from hydrogen peroxide and the corresponding carboxylic acid. Different research groups have developed kinetic models under isothermal or isoperibolic mode for this liquid-liquid reaction system. Nevertheless, none of them have built a kinetic model under adiabatic mode. Such kinetic model under adiabatic condition is important to evaluate the thermal risk of a process.

During this study, a kinetic model was built for the epoxidation of cottonseed oil by peracetic acid by using ARSST system, which works under near-adiabatic condition. This kinetic model can fit the experimental reaction temperature. Then, based on this model, the influence of different inlet parameters (i.e. initial temperature and concentrations) on safety parameters, i.e., Time-to-Maximum rate under adiabatic conditions and adiabatic temperature rise was investigated.

A kinetic model for complex chemical system under adiabatic condition was developed ΔTad and TMRad in presence of several exothermic reactions were determined Thermal risk assessment for the epoxidation of vegetable oil were performed

INTRODUCTION

Energy sector and chemical industry still depend on the use of fossil raw materials. As example, [START_REF] Speight | Environmental Organic Chemistry for Engineers[END_REF] [START_REF] Speight | Environmental Organic Chemistry for Engineers[END_REF] reported that 90 % of organic chemicals are produced from natural gas or petroleum. Recently, academies, industries and public authorities have put a great effort to develop new processes and new chemicals using renewable feedstock.

The use of vegetable oils, as a renewable feedstock, for the production of chemicals or biofuels is a good illustration of this effort. The worldwide production of vegetable oil is increasing since 1975 [START_REF] Rosillo-Calle | A Global Overview of Vegetable Oils, with Reference to Biodiesel[END_REF]. The part of production for industrial uses also increases and not only for biodiesels [START_REF] Issariyakul | Biodiesel from vegetable oils[END_REF]. Vegetable oils can be considered as platform molecules [START_REF] Nohra | From petrochemical polyurethanes to biobased polyhydroxyurethanes[END_REF][START_REF] Lligadas | Renewable polymeric materials from vegetable oils: a perspective[END_REF][START_REF] Ronda | Vegetable oils as platform chemicals for polymer synthesis[END_REF].

Among the different functionalization of vegetable oils, there is the epoxidation of vegetable oils.

Epoxidized vegetable oils are important chemicals for the production of non-isocyanate polyurethanes [START_REF] Zheng | Carbonation of vegetable oils: influence of mass transfer on reaction kinetics[END_REF][START_REF] Rokicki | Non-isocyanate polyurethanes: synthesis, properties, and applications[END_REF][START_REF] Kreye | Sustainable routes to polyurethane precursors[END_REF][START_REF] Bähr | Linseed and soybean oil-based polyurethanes prepared via the nonisocyanate route and catalytic carbon dioxide conversion[END_REF][START_REF] Jalilian | Preparation and characterization of polyurethane electrical insulating coatings derived from novel soybean oil-based polyol[END_REF][START_REF] Javni | Soy-based polyurethanes by nonisocyanate route[END_REF][START_REF] Tamami | Incorporation of carbon dioxide into soybean oil and subsequent preparation and studies of nonisocyanate polyurethane networks[END_REF], biolubricants [START_REF] Zhang | Synthesis of carbonated cotton seed oil and its application as lubricating base oil[END_REF][START_REF] Campanella | Lubricants from chemically modified vegetable oils[END_REF][START_REF] Lathi | Green approach for the preparation of biodegradable lubricant base stock from epoxidized vegetable oil[END_REF][START_REF] Hwang | Synthetic lubricant basestocks from epoxidized soybean oil and Guerbet alcohols[END_REF][START_REF] Hwang | Modification of epoxidized soybean oil for lubricant formulations with improved oxidative stability and low pour point[END_REF], plasticizers [START_REF] Darie-Niţă | Evaluation of some eco-friendly plasticizers for PLA films processing[END_REF][START_REF] Bouchareb | Effects of epoxidized sunflower oil on the mechanical and dynamical analysis of the plasticized poly(vinyl chloride)[END_REF] or stabilizers for polymers. Several routes for the production of epoxidized vegetable oils exist. One of the more eco-friendly methods is the use of oxygen or hydrogen peroxide [START_REF] Köckritz | Oxidation of unsaturated fatty acid derivatives and vegetable oils[END_REF], however, the research on catalyst is still ongoing [START_REF] Wentzel | Mechanistic studies on the mukaiyama epoxidation[END_REF][START_REF] Chou | Epoxidation of oleic acid in the presence of benzaldehyde using cobalt(ii) tetraphenylporphyrin as catalyst[END_REF][START_REF] Aguirre | Ruthenium carbonyl complexes in catalytic epoxidation of olefins co-catalyzed by isobutyl-aldehyde[END_REF][START_REF] Di Serio | Valuation of Nb2O5-SiO2 catalysts in soybean oil epoxidation[END_REF][START_REF] Arends | Recent developments in selective catalytic epoxidations with H2O2[END_REF][START_REF] Abraham | Kinetics and mechanism of the epoxidation of unsaturated fatty acids[END_REF][START_REF] Campanella | Soybean oil epoxidation with hydrogen peroxide using an amorphous Ti/SiO2 catalyst[END_REF]. The use of enzymes is an alternative that is being more and more applied [START_REF] Aouf | The use of lipases as biocatalysts for the epoxidation of fatty acids and phenolic compounds[END_REF][START_REF] Hagström | Chemo-enzymatic epoxidation-process options for improving biocatalytic productivity[END_REF][START_REF] Lu | Enzymatic epoxidation of soybean oil methyl esters in the presence of free fatty acids[END_REF][START_REF] Törnvall | Stability of immobilized Candida antarctica lipase B during chemo-enzymatic epoxidation of fatty acids[END_REF][START_REF] Orellana-Coca | Lipase mediated simultaneous esterification and epoxidation of oleic acid for the production of alkylepoxystearates[END_REF][START_REF] Orellana-Coca | Analysis of fatty acid epoxidation by high performance liquid chromatography coupled with evaporative light scattering detection and mass spectrometry[END_REF][START_REF] Hilker | Chemo-enzymatic epoxidation of unsaturated plant oils[END_REF][START_REF] Rüsch Gen | Complete and partial epoxidation of plant oils by lipase-catalyzed perhydrolysis[END_REF].

For these reasons, at the industrial scale, the Prileschajew oxidation is the most used process [START_REF] Zheng | Kinetic modeling strategy for an exothermic multiphase reactor system: Application to vegetable oils epoxidation using Prileschajew method[END_REF][START_REF] Leveneur | Interaction of thermal and kinetic parameters for a liquid-liquid reaction system: Application to vegetable oils epoxidation by peroxycarboxylic acid[END_REF][START_REF] Cortese | High-Temperature Epoxidation of Soybean Oil in Flow-Speeding up Elemental Reactions Wanted and Unwanted[END_REF][START_REF] Santacesaria | A biphasic model describing soybean oil epoxidation with H2O2 in a fed-batch reactor[END_REF][START_REF] Campanella | High yield epoxidation of fatty acid methyl esters with performic acid generated in situ[END_REF].

Prileschajew oxidation is a liquid-liquid process where a percarboxylic acid is produced in situ in the aqueous phase from the perhydrolysis reaction, and diffused into the organic phase to epoxide the unsaturated groups of the vegetable oils. Solubility in the organic phase and reactivity of percarboxylic acid are higher compared to hydrogen peroxide. However, one of the main drawbacks of this reaction system is the risk of thermal runaway induced by several consecutive exothermic reactions [START_REF] Leveneur | Thermal Safety Assessment through the Concept of Structure-Reactivity: Application to Vegetable Oil Valorization[END_REF][START_REF] Moreno | Thermal risk in semi-batch reactors: The epoxidation of soybean oil[END_REF][START_REF] Rakotondramaro | Cooling and stirring failure for semi-batch reactor: Application to exothermic reactions in multiphase reactor[END_REF][START_REF] De Quadros | Epoxidation of soybean oil at maximum heat removal and single addition of all reactants[END_REF][START_REF] Ait Aissa | Thermal Stability of Epoxidized and Carbonated Vegetable Oils[END_REF][START_REF] Leveneur | Thermal Risk Assessment of Vegetable Oil Epoxidation[END_REF][START_REF] Salzano | Safety Criteria for the Epoxydation of Soybean Oil in Fed-Batch Reactor[END_REF].

system. Nevertheless, none of them has built a kinetic model under adiabatic conditions, including secondary reactions as the decomposition of peroxide species. This work proposes to fill this gap by building a kinetic model for the epoxidation of cottonseed oil by peracetic acid produced in situ. The benefit of such model compared to the zero-order approach [START_REF] Vernières-Hassimi | Zero-Order Versus Intrinsic Kinetics for the Determination of the Time to Maximum Rate under Adiabatic Conditions (TMRad): Application to the Decomposition of Hydrogen Peroxide[END_REF] is that one can estimate the safety parameters at different initial operating conditions.

Based on this model, safety parameters such as the time to maximum rate under adiabatic conditions, TMRad, and the adiabatic temperature rise, ΔTad, are estimated. These safety parameters are necessary to make a thermal risk assessment because while the latter represents the severity of a thermal risk, the former signifies its probability. The influence of reactant, catalyst concentrations and the initial temperature on these safety parameters are studied in the current work.

EXPERIMENTAL SECTION

Chemicals

To perform the experiments in the Advanced Reactive System Screening Tool (ARSST) system, the following chemicals were used: distilled water, hydrogen peroxide (33 wt %, VWR International), acetic acid (>99%, Alfa Aesar GmbH & Co.) and cottonseed oil (ThermoFisher Scientific GmbH).

Experiments performed in ARSST

ARSST system is a calorimeter which can work under near-adiabatic conditions by using the principle of heat loss compensation [7-10, 17, 42, 49]. It yields critical experimental knowledge of the rates of temperature and pressure rise during a runaway reaction. The detailed description of the ARSST equipment can be found in our previous articles [START_REF] Leveneur | Thermal Safety Assessment through the Concept of Structure-Reactivity: Application to Vegetable Oil Valorization[END_REF][START_REF] Vernières-Hassimi | Zero-Order Versus Intrinsic Kinetics for the Determination of the Time to Maximum Rate under Adiabatic Conditions (TMRad): Application to the Decomposition of Hydrogen Peroxide[END_REF].

The system consists of an open glass cell reactor surrounded by a heater belt. This glass cell reactor is put in an insulation sheath, which is put in a pressurized vessel. The vessel is pressurized under 35 bar of nitrogen to limit the evaporation of the liquid phase. Through the heater belt, a background heating rate β is applied to the reaction mixture.

In order to build a kinetic model, taking into account different inlet parameters such as reactant and catalyst concentrations or background heating rate, Table 1 shows the experimental matrix. Epoxidation of vegetable oils by Prileschajew oxidation is a liquid-liquid reaction system, where peracetic acid (PAA) is produced in the aqueous phase from the perhydrolysis reaction. Then, PAA diffuses to the organic phase to epoxidize the unsaturated groups.

Different side reactions, such as decomposition of peroxide species (hydrogen peroxide and PAA) or ring-opening reactions by different nucleophiles, can occur. Fig. 1 shows the different reactions occurring in the aqueous phase. As shown in previous papers [START_REF] Leveneur | Thermal Safety Assessment through the Concept of Structure-Reactivity: Application to Vegetable Oil Valorization[END_REF][START_REF] Leveneur | Thermal Risk Assessment of Vegetable Oil Epoxidation[END_REF], the decomposition of hydrogen peroxide during this process can be neglected. Perhydrolysis reaction rate can be expressed as [START_REF] Leveneur | Interaction of Intrinsic Kinetics and Internal Mass Transfer in Porous Ion-Exchange Catalysts: Green synthesis of Peroxycarboxylic Acids[END_REF]:

C H 3 O OH + H 2 O 2 C H 3 O O OH + H 2 O 1. Perhydrolysis reaction 2. Decomposition of PAA C H 3 O O OH 2 C H 3 O OH 2 + O 2 C H 3 O O OH OH C H 3 + CO 2 C H 3 O O OH C H 3 O OH + O 2 3 2 OH C H 3 CO 2 + +
where, 𝐾 𝐶 is the equilibrium constant based on the concentrations and can be expressed as:

𝐾 𝐶 = 𝛿. [𝐻 2 𝑆𝑂 4 ] 𝑎𝑞 + 𝐾 𝑇 (2) 
Here, the parameter δ takes into account the non-ideality of the reaction mixture, and 𝐾 𝑇 is the true thermodynamic constants, which can be expressed by a law of van't Hoff. To determine the value of 𝐾 𝐶 with temperature and sulfuric acid concentration, the parameters from the work of Leveneur et al.

[50] were used.

The concentration of hydroxonium ions in the aqueous phase can be derived by taking into account the electroneutrality of the reaction mixture and the mass balance of sulfuric and acetic acids:

[𝐻 3 𝑂 + ] 𝑎𝑞 = 1 2 [𝐻 2 𝑆𝑂 4 ] 𝑎𝑞 + √ [𝐻 2 𝑆𝑂 4 ] 𝑎𝑞 2 4 + 2. 𝐾 𝐼𝐼 𝐶 . [𝐻 2 𝑆𝑂 4 ] 𝑎𝑞 . [𝐻 2 𝑂] 𝑎𝑞 + 𝐾 𝐼𝐼𝐼 𝐶 . [𝐻 2 𝑂] 𝑎𝑞 . [𝐴𝐴] 𝑎𝑞 (3) 
where, 𝐾 𝐼𝐼 𝐶 and 𝐾 𝐼𝐼𝐼 𝐶 are the dissociations constants for the second dissociation of sulfuric acid and acetic acid, respectively [START_REF] Sue | Determination of Carboxylic Acid Dissociation Constants to 350 °C at 23 MPa by Potentiometric pH Measurements[END_REF][START_REF] Knopf | Thermodynamic Dissociation Constant of the Bisulfate Ion from Raman and Ion Interaction Modeling Studies of Aqueous Sulfuric Acid at Low Temperatures[END_REF].

As described by Musakka et al. [START_REF] Musakka | Modelling of organic liquid-phase decomposition reactions through gas-phase product analysis: Model systems and peracetic acid[END_REF] and Leveneur et al. [START_REF] Leveneur | Kinetic study of decomposition of peroxypropionic acid in liquid phase through direct analysis of decomposition products in gas phase[END_REF], the decomposition of percarboxylic acid can follow two reaction pathways (also illustrated in Fig. 1). To minimize the number of parameters to estimate, these two decomposition reactions were represented in one reaction. The kinetic expression for the decomposition of PAA can be expressed as:

𝑟 𝑑𝑒𝑐𝑜𝑚𝑝_𝑃𝐴𝐴 = 𝑘 𝑑𝑒𝑐𝑜𝑚𝑝_𝑃𝐴𝐴 . [𝑃𝐴𝐴] 𝑎𝑞 . [𝐻 3 𝑂 + ] 𝑎𝑞 (4) 
Figure 2: Reactions in aqueous phase.

Fig. 2 exhibits the reactions in the organic phase. In the organic phase, two main reactions occur, namely, epoxidation reaction and ring-opening reactions. For the ring-opening reaction, several

nucleophile agents can open the oxirane ring: water, acetic and peracetic acid or hydrogen peroxide.

In our earlier work [START_REF] Zheng | Kinetic modeling strategy for an exothermic multiphase reactor system: Application to vegetable oils epoxidation using Prileschajew method[END_REF], we have demonstrated that ring-opening by percarboxylic acid is the fastest one. For that reason, here, we have only considered the ring-opening by percarboxylic acid.

The kinetics of epoxidation and ring-opening by peracetic acid can be expressed to 

𝑟 Ep = 𝑘 Ep × [PAA] aq × [DB] org (5) 
𝑟 RO = 𝑘 𝑅𝑂 × [Ep] org × [PAA] aq × [H 3 O + ] aq (6) 

Mass balance

This section consists in describing the mass balance of the different compounds in aqueous and organic phases. By assuming that interfacial mass transfer is faster than chemical reaction [START_REF] Zheng | Kinetic modeling strategy for an exothermic multiphase reactor system: Application to vegetable oils epoxidation using Prileschajew method[END_REF][START_REF] Leveneur | Interaction of thermal and kinetic parameters for a liquid-liquid reaction system: Application to vegetable oils epoxidation by peroxycarboxylic acid[END_REF][START_REF] Rakotondramaro | Cooling and stirring failure for semi-batch reactor: Application to exothermic reactions in multiphase reactor[END_REF], mass balance in the organic and aqueous phases can be expressed as:

𝑑𝐶 𝑖,𝑜𝑟𝑔 𝑑𝑡 = (∝. 𝐾𝑖 + 1-∝) -1 . [∝ ∑𝜐 𝑖𝑗 . 𝑟 𝑎𝑞,𝑗 + (1-∝)∑𝜐 𝑖𝑗 . 𝑟 𝑜𝑟𝑔,𝑗 ] (7) 
𝑑𝐶 𝑖,𝑎𝑞 𝑑𝑡 = (∝ + 1-∝ 𝐾𝑖 ) -1 . [∝ ∑𝜐 𝑖𝑗 . 𝑟 𝑎𝑞,𝑗 + (1-∝)∑𝜐 𝑖𝑗 . 𝑟 𝑜𝑟𝑔,𝑗 ] (8) 
where,

∝ -1 = 𝑉 𝑎𝑞 𝑉 𝑇 and K 𝑖 = ( 𝐶 𝑖,𝑎𝑞 𝐶 𝑖,𝑜𝑟𝑔 ) 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚 .
Here, the solubilities of water and hydrogen peroxide in the organic phase were assumed to be negligible, i.e., KW, KAA, KPAA and KHp→ ∞ . Additionally, the solubilities of vegetables and their derivatives in the aqueous phase were assumed to be negligible, i.e., Kcotton, KEp, KRO→ 0 [START_REF] Leveneur | Interaction of thermal and kinetic parameters for a liquid-liquid reaction system: Application to vegetable oils epoxidation by peroxycarboxylic acid[END_REF]. Thus, mass balance for each compound can be expressed as: 

𝑑𝐶 𝐴𝐴,𝑎𝑞 𝑑𝑡 = (-𝑟 𝑝𝑒𝑟ℎ + 2 * 𝑟 𝑑𝑒𝑐𝑜𝑚𝑝_𝑃𝐴𝐴 ) + (1-∝) ∝ * 𝑟 𝐸𝑝 (9) 
The reaction enthalpy for acetic perhydrolysis is -5.66 kJ.mol -1 [START_REF] Leveneur | Interaction of Intrinsic Kinetics and Internal Mass Transfer in Porous Ion-Exchange Catalysts: Green synthesis of Peroxycarboxylic Acids[END_REF], epoxidation of unsaturated groups by percarboxylic acid is -230 kJ.mol -1 [START_REF] Zheng | Kinetic modeling strategy for an exothermic multiphase reactor system: Application to vegetable oils epoxidation using Prileschajew method[END_REF] and for the ring-opening reactions is -77 kJ.mol -1 [START_REF] Zheng | Kinetic modeling strategy for an exothermic multiphase reactor system: Application to vegetable oils epoxidation using Prileschajew method[END_REF]. Furthermore, reaction enthalpy for the decomposition of PAA can be estimated from the heat of formation (see 

Thus, the reaction enthalpy of PAA decomposition can be estimated to be -450.3 kJ.mol -1 .

Kinetic modeling

ModEst software [START_REF] Haario | MODEST-User's Guide[END_REF] is used during the modeling stage. The set of ordinary differential equations (Eqs. ( 9) to ( 15)) were solved using the ODESSA algorithm. Reaction temperature was an observable.

The objective function θ was defined as:

𝜃 = ∑(𝑇 𝑖 -𝑇 𝑖 ̂)2 (19) 
where, Ti is the experimental temperature and 𝑇 𝑖 ̂ is the temperature obtained from the model. The goal of this stage was to estimate the kinetic constants for the decomposition of PAA, the ring-opening reaction and epoxidation reaction. To decrease the correlation between the rate constant at one temperature and the activation energy, a modified Arrhenius equation was used:

𝑘 𝑗 (𝑇 𝑅 ) = 𝑘 𝑗 (𝑇 𝑅𝑒𝑓 ) * exp ( -𝐸 𝑎 𝑗 𝑅 ( 1 𝑇 𝑅 - 1 𝑇 𝑅𝑒𝑓 ) ) (20) 
where, Tref is a reference temperature which was fixed to 90°C in this study.

The objective function was firstly minimized by the Simplex algorithm then by the Levenberg-Marquardt algorithm.

To evaluate the fitting of the model to the experimental data, a coefficient of determination was calculated as

R 2 = 1 - ∑(T 𝑖 -𝑇 ̂𝑖) 2 ∑(T 𝑖 -𝑇 ̅) 2 (21) 
where, 𝑇 ̅ is the mean value of the experimental temperatures.

The value of R 2 was found to be 96% revealing that the model fits correctly the experimental data, see also Figs 3. A-C, where one can notice a good correlation between observations and modeling.

Table 3 shows the values of the kinetic constants. One can notice the standard errors are significantly low. From the work of Leveneur et al. [START_REF] Leveneur | Interaction of Intrinsic Kinetics and Internal Mass Transfer in Porous Ion-Exchange Catalysts: Green synthesis of Peroxycarboxylic Acids[END_REF], the kinetic constant of acetic acid perhydrolysis (𝑘 𝑝𝑒𝑟ℎ ) at 90°C is equal to 0.058 L.mol -1 .s -1 and the activation energy (𝐸𝑎 𝑝𝑒𝑟ℎ ) is equal to 75.58 kJ.mol -1 . From Table 3, when the reaction temperature is lower than 109°C, then the kinetics of epoxidation is faster than the ring-opening or decomposition of PAA. For higher reaction temperature, the kinetics of ringopening by peracetic acid is faster than epoxidation. EXP.

Safety parameters.

Thermal risk is defined by the product of the probability represented by TMRad and severity represented by ΔTad [START_REF] Stoessel | Thermal Safety of Chemical Processes[END_REF]. Based on the kinetic model, the influence of sulfuric acid, hydrogen peroxide, acetic acid concentrations and initial temperature on the safety parameters: TMRad and ΔTad. The parameter TMRad represents the time it takes for a reaction mass to reach the maximum rate of heat release for a given starting temperature under adiabatic condition and the parameter ΔTad is the difference between the initial and the final temperatures.

These parameters were studied for the epoxidation of cottonseed oil under adiabatic condition in a batch reactor. Figs 4 to 7 illustrate the influence of these parameters. Fig. 4 shows that the increase of sulfuric acid concentration does not have a significant effect on ΔTad. However, the increase of sulfuric acid concentration accelerates the kinetics of reaction, thus decreases the value of TMRad. Fig. 5 shows that the increase of the initial reaction temperature does not have a significant effect on the value of ΔTad. By increasing the initial temperature, the kinetics is faster, thus the TMRad is shorter. Inversely to the behavior of hydrogen peroxide, the increase of acetic acid concentration decreases the adiabatic temperature rise and the values of TMRad as expressed in Fig. 7. Indeed, by increasing the concentration of acetic acid compared to hydrogen peroxide, thus hydrogen perxode is the limiting reactant which leads to decrease the production of PAA. peroxide have an important impact on safety parameters. Concentration of double bond could also have an impact on these parameters, but at time zero fresh vegetable oils were used. Furthermore, one can notice that the adiabatic temperature rise is critical because it is higher than 200°C and TMRad is frequent or critical because the values are lower than 8 hours [START_REF] Stoessel | Thermal Safety of Chemical Processes[END_REF]. The time to react is then not enough. 

CONCLUSIONS

Epoxidation of vegetable oils is an important process for polymer industries, because epoxidized vegetable oils can be seen as platform molecules. In industry, Prileschajew oxidation is used, which consists of the in situ production of a percarboxylic acid in the aqueous phase. This percarboxylic acid diffuses to the organic phase to epoxidize the unsaturated groups. Several studies have built kinetic model under isothermal or isoperibolic conditions, and other studies have stressed their effort on the thermal risk of this reaction system. Nevertheless, no research work so far, to our best knowledge, have proposed a kinetic model under adiabatic condition.

In this study, we have built a kinetic model for the epoxidation of cottonseed oil by peracetic acid under near-adiabatic condition. The following reactions were considered: perhydrolysis of acetic acid, decomposition of peracetic acid, epoxidation of unsaturated groups and ring-opening reaction by peracetic acid. Mass transfer was assumed to be faster than chemical reactions allowing to simplify the model. The model fits the experimental reaction temperature correctly. The chosen safety parameters, time-to-maximum rate under adiabatic condition and adiabatic temperature rise, were estimated by this model under different operating conditions. The benefit of such model is to avoid the use of a zero-order kinetic model which cannot describe a system at different operating conditions. It was found that these two parameters were sensitive to the concentrations of acetic acid and hydrogen peroxide.

It is noted that the kinetic model developed in this study was built based on the evolution of the experimental temperature under adiabatic condition and not based on the evolution of the species concentrations. A further work could be the use of an online analytical method to follow the concentration of double bonds, epoxide, PAA or ring-opening group under adiabatic conditions to improve the model. 
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  Abbreviations

Table 1 : Experimental matrix Initial concentration (mol.L -1 ) RUN [DB] org [HP] aq [AA]aq [W]aq [H2SO4]aq Vorg (L) Vaq (L) β (°C.min -1 ) Initial T1 (°C)

 1 

	1	3.9	4.75	4.15 35.95	0	0.0036	0.0057	4.04	22.58
	2	3.9	5.12	4.47 34.11	0.11	0.0034	0.0053	0.89	22.58
	3	3.9	4.45	4.02 35.25	0.52	0.0035	0.0058	2.12	20.23
	4	3.9	4.7	3.51 36.41	0.56	0.0034	0.0057	0.9	27.37
	5	3.9	5.37	4.14 33.57	0.53	0.0034	0.0057	1.83	24.08

  𝜑 is the thermal inertia factor, and is expressed as 𝜑 = 𝑚 𝑅 .𝐶 ̂𝑃𝑅 +𝑚 𝑖𝑛𝑠 .𝐶 𝑃 𝑖𝑛𝑠 𝑚 𝑅 .𝐶 ̂𝑃𝑅 . The term qelec. is the electrical power provided to the reaction mixture through the heater belt. By dividing this term by 𝜑. 𝑚 𝑅 . 𝐶 ̂𝑃𝑅 , one gets the electrical heating background β.The heat-flow rate due to the chemical reactions can be expressed as 𝑞 𝑟𝑥 = -(𝑟 𝑝𝑒𝑟ℎ . ∆𝐻 𝑅,𝑝𝑒𝑟ℎ + 𝑟 𝑑𝑒𝑐𝑜𝑚𝑝_𝑃𝐴𝐴 . ∆𝐻 𝑅,𝑑𝑒𝑐𝑜𝑚𝑝_𝑃𝐴𝐴 ). 𝑉 𝑎𝑞 -(𝑟 𝐸𝑝 . ∆𝐻 𝑅,𝐸𝑝 + 𝑟 𝑅𝑂 . ∆𝐻 𝑅,𝑅𝑂 ). 𝑉 𝑜𝑟𝑔

	𝑑𝐶 𝑅𝑂 𝑑𝑡	= 𝑟 𝑅𝑂		(15)
	3.1.3 Heat balance
	Heat balance in the liquid phase can be expressed as [42, 49, 55]:
	𝜑. 𝑚 𝑅 . 𝐶 ̂𝑃𝑅 .	𝑑𝑇 𝑅 𝑑𝑡	= 𝑞 𝑟𝑥 + 𝑞 𝑒𝑙𝑒𝑐.	(16)
	where,			
	𝑑𝐶 𝑊,𝑎𝑞 𝑑𝑡	= 𝑟 𝑝𝑒𝑟ℎ	(10)
	𝑑𝐶 𝐻𝑃,𝑎𝑞 𝑑𝑡	= -𝑟 𝑝𝑒𝑟ℎ	(11)
	𝑑𝐶 𝑃𝐴𝐴,𝑎𝑞 𝑑𝑡	= (𝑟 𝑝𝑒𝑟ℎ -3 * 𝑟 𝑑𝑒𝑐𝑜𝑚𝑝 𝑃𝐴𝐴 ) -	(1-∝) ∝	* 𝑟 𝐸𝑝	(12)
	𝑑𝐶 𝐷𝐵,𝑜𝑟𝑔 𝑑𝑡	= -𝑟 𝐸𝑝	(13)
	𝑑𝐶 𝐸𝑝,𝑜𝑟𝑔 𝑑𝑡	= 𝑟 𝐸𝑝 -𝑟 𝑅𝑂	(14)

Table 2 )

 2 as ∆𝐻 𝑅,𝑑𝑒𝑐𝑜𝑚𝑝_𝑃𝐴𝐴 = 2 * ∆𝐻 𝑓,𝐴𝐴 + ∆𝐻 𝑓,𝑀𝑒𝑂𝐻 + ∆𝐻 𝑓,𝐶𝑂 2 +∆𝐻 𝑓,𝑂 2 -3 * ∆𝐻 𝑓,𝑃𝐴𝐴

Table 3 :

 3 Kinetic constants estimated at 90°C and statistical data.

		Estimated parameters	Standard error (%)
	[L.mol -1 .s -1 ]	1.62E-07	6.4
	[kJ.mol -1 ]	180.00	0.0
	[L.mol -1 .s -1 ]	1.30E-05	28.0
	[kJ.mol -1 ]	147.0	4.7
	[L.mol -1 .s -1 ]	4.13E-05	0.6
	[kJ.mol -1 ]	79.2	0.4
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The increase of hydrogen peroxide concentration increases the adiabatic temperature rise and the values of TMRad, as depicted in Fig. 6. By increasing the concentration of hydrogen peroxide, the kinetics of peracetic acid production and epoxidation are faster leading to shorten TMRad. In addition, the increase of hydrogen peroxide concentration leads to increase the production of peracetic acid and its decomposition involving an increase of ΔTad.