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Particle-solved simulations of catalytic reaction processes 

In this PhD project, an efficient model for particle-resolved simulations of catalytic reaction 
processes was developed, in which the flow of reactants and products around catalyst particles was 
modelled, as well as the reaction that occurs there. This model was verified and applied to reactions 
occurring in various fluid-solid systems which are closely related to engineering applications, such 
as dense particle arrays, tubular reactors and clusters in riser flows.  

Catalytic synthesis is widely encountered in chemical process industry. In such processes, reactions 
take place at active sites deep inside porous catalyst particles. Therefore, it is important to know how 
reactants are transported to these particles and how products move out with the fluid flow. The 
performance of a catalytic process is determined not only by the efficiency of the catalytic reaction, 
but also by the efficiency of mass transport. In such highly heterogeneous systems, variable reaction 
rates and significant heat effects introduce additional complexities to the equipment design as well as 
the process performance. 

To date, most researchers focused on either reaction kinetics or transport processes. But in this thesis, 
the flow of reactants and products around catalytic particles was modelled as well as the occurring 
reactions, with the ultimate goal to predict the performance of the whole catalytic process. Specifically, 
the simulations gave insights in the interplay among mass transfer, chemical transformations and heat 
effects. The detailed information obtained from the models might be used to improve the performance 
of real chemical processes and, thus, boost technological development. 

With the fast development of computational power and numerical methods in recent years, the 
particle-resolved simulations have demonstrated its strong ability to resolve all details at the smallest 
relevant length scales to gain fundamental insight in fluid-solid interactions. In this thesis, simulations 
are computed on grid with the size much smaller than the particle size, which enables the enforcement 
of realistic boundary conditions at the surface of the particles. Several fluid-particle systems, with 
increasing complexity, were studied, with the aim to push forward the frontier of the application of 
particle-resolved simulations towards more realistic chemical reaction processes.  
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