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Abstract
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Mechanistic catalyst models are crucial for an improved understanding of chemical reaction processes. 
We present a methodology of kinetic modelling, aiming at an accurate prediction of the behaviour of the 
technical catalysts including deactivation and regeneration. The approach is based upon a combination of 
knowledge from surface science and chemical reaction engineering. Dehydrogenation of ethylbenzene over iron 
oxide is treated as a representative example. The industrially used promoter potassium only slows down 
deactivation but does not take part in the catalytic reaction [1]. Therefore, unpromoted iron oxide catalysts are 
studied.

Figure 1: Schematic representation of the mechanistic 
model of ethylbenzene

Figure 2: Conversion (a) and surface composition (b) 
over time for styrene synthesis over hematite.

Surface science experiments provide a detailed qualitative picture of the mechanisms governing the 
processes on epitaxially grown single crystal films of iron oxide representing a generic model of the real catalyst 
[1-4]. Conversion experiments with these model surfaces provide intrinsic reaction rates without falsification by 
diffusional limitations, time resolved information of the changes of the film composition in the reaction 
atmosphere as well as kinetic and equilibrium parameters for the adsorption of individual components of the 
reaction mixture on the model surface [1].

In order to bridge the gap between the observations made on ideal surfaces and the behaviour of real, 
porous catalysts under technical conditions, a model-based modular approach is employed which superimposes 
the description of diffusional transport in the porous solid (structural model) on the kinetic model of single 
crystal surfaces. As a first step, the kinetic model of the catalyst surface has been built upon the mechanistic 
model (Figure 1), and its model parameters have been adjusted to the above mentioned conversion experiments 
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with single crystal films [5]. The results prove that a macroscopic, continuous model is adequate for describing 
the model surfaces (Figure 2). As a next step, the kinetic model will be applied to the porous catalyst under 
technical conditions through combination with a structural model. The latter describes diffusion in the porous 
structure of the solid catalyst. Finally, the kinetic model is validated, applying data of experiments with powder 
catalysts in a kinetic reactor under technically relevant, well defined conditions.

This contribution introduces the detailed kinetic and the structural model, the procedure followed for 
determining the model parameters, the underlying mechanistic catalyst model and the model equations. The 
parameterisation of the model and the significance of each model parameter based on a sensitivity analysis are 
discussed.
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