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Heterogeneous catalytic reactors are the workhorses in chemical industry and play a prominent role in storage
and conversion of renewable energy. Despite their rather simple mechanical design, these reactors show a
complex behavior resulting from the interplay between linear transport processes, nonlinear reaction kinetics and
dynamic changes of the catalyst inside the reactor. Our research work at the Institute of Chemical Reaction
Engineering at TU Hamburg and at Reacnostics aims at understanding the dynamic behavior of catalysts, single
porous catalyst pellets and catalytic reactors under industrial conditions. We develop novel experimental methods
to “look inside” catalytic reactors and catalyst pellets at work and combine them with numerical simulations to
improve catalysts and catalytic processes by knowledge instead of trial and error. In this talk | will give an
overview of correlative concentration, temperature- and spectroscopic profiling in catalytic reactors and introduce
the concept of iso-potential spectroscopy. It will be shown how spatial reactor profiling can be done for gas and
liquid phase reactions in catalytic reactors and in single porous catalyst pellets and how kinetic models and model
parameters can be quickly determined from the resulting profile data [1,2,3]. Results for spatially resolved XRD,
XANES/EXAFS and Raman spectroscopy will be shown to illustrate how oxidation state and crystalline phase
composition of a catalyst changes along the reactor coordinate due to gradients in chemical potential [1,4]. The
novel concept of iso-potential spectroscopy [5] will be introduced to show how operando spectroscopy can be
done quasi “inside” catalytic reactors of arbitrary size, viz. potentially also in industrial reactors. By means of
isopotential DRIFTS spectroscopy it will be illustrated how profiles of surface adsorbates can be measured along
a catalytic fixed bed reactor under reaction conditions aiding the development of microkinetic reaction models.

[ Experimental setups for correlative operando spectroscopy in a catalytic fixed-bed reactor.

Left: X-Ray Diffraction (XRD). Right: X-Ray Absorption Spectroscopy (XAS).
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