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General Introduction 
 

This thesis aims at developing a catalytic microreactor as an innovative analytical 

tool for the determination of kinetics of catalytic ozonation in the field of 

wastewater treatment. 

 

One of the objectives of this study is to develop a catalytic microfluidic device 

using low pressure plasma processes for the deposition and activation of the 

catalyst directly into a microchannel. The catalytic activity of the plasma 

deposited catalysts is further assessed in catalytic ozonation of a probe pollutant. 

 

The second objective is to develop a fundamental understanding of the kinetics of 

a catalytic reaction by confronting the experimental results to computational fluid 

dynamics (CFD) simulations, in which different kinetic models describing the 

reaction pathway at the surface of the catalyst are tested. 

 

In the first chapter, recent literature on microreactor technology and catalyst 

deposition techniques is discussed. The focus is set on materials used in the 

microfluidics field as well as plasma processes and heterogeneous catalysis 

applied to advanced oxidation processes. 

 

The second chapter presents the different equipment and experimental protocols 

as well as the theoretical concepts used to achieve the objectives of the thesis. A 

first section describes the plasma processes techniques implemented for the 

deposition and activation of an iron oxide and cobalt oxide based catalysts. A 

second section describes the experimental set-up implemented for the 

measurement of the catalytic activity of such coatings. Finally, characterization 

techniques for the solid materials, i.e., the starting microfluidic materials and 

deposited catalysts as well as for the collected liquid samples are presented. 

 

The third chapter presents the results obtained after the deposition of a silica-like 

layer on new classes of polymer-based microfluidic materials, achieved through 
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the use of two different plasma processes. The aging study of the plasma coated 

microfluidic surfaces upon air and water storage is presented and discussed. This 

study allows the identification of a polymer-based microfluidic material suitable 

for further deposition of the catalyst. 

 

The fourth chapter mainly focuses on the preparation and characterization of 

cobalt and iron oxides catalysts using a one-step plasma process. Their respective 

catalytic performance in an ozonation process regarding the removal rate of 

pyruvic acid as a probe pollutant is discussed. In addition, the role of the plasma 

post-treatment as well as the stability of the catalyst and its regeneration is 

addressed. 

 

In the final chapter, a numerical simulation model containing the experimental 

data from the previous chapter is presented. A first stationary model reflecting the 

self-decomposition of ozone in water and further reaction with pyruvic acid is 

described. This model enables to assess the contribution of indirect ozonation 

(hydroxyl radicals generated from the self-decomposition of ozone) or direct 

ozonation (reaction of ozone on pyruvic acid). 

 

Finally, a second time dependent model reflecting the ozonation of the probe 

pollutant in a cobalt oxide-based catalytic microreactor is elaborated in order to 

understand the deactivation phenomenon encountered in the previous chapter. 

This model is composed of a set of reactions describing the adsorption and 

reaction of pyruvic acid and its intermediates on the catalytic wall of the 

microreactor in an Eley-Rideal mechanism. Simulation results as well as the 

reaction kinetics are discussed. 

 

These chapters are followed by a general discussion summarizing the results 

obtained and perspectives and general recommendations are given at the end of 

this thesis for future improvement strategies. 

 

The research strategy is summarized in Figure 1: 
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Figure n°1: Research strategy. 


