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Abstract:
Structured catalytic systems play a key role in many commercial applications for energy
conversion, emissions control, and chemical synthesis. During the last years our group has
been focused on structured catalysts for energetic applications using monoliths and m-reactors
(Fig.1). Reactions relevant for hydrocarbons reforming reactions and H2 clean-up. These
activities have recently derived in the study of production of fuels keeping in mind the EU
Renewable Energy Directive that aims to integrate renewable energy in the transport sector
using Renewable Fuels of Non-Biological Origin and the Carbon Capture & Utilisation (CCU)
concept for dealing with the reduction of CO2 emissions transforming it into synthetic fuels. The
Power-to-X concept allows to provide the intensive energy required to these transformations.
One of the most relevant aspects in these technologies is the critical role of water in the
reaction mechanisms. In this talk we will discuss the methods that we have developed for insitu and operando characterization of working catalysts at industrially relevant operating
conditions to understand the role of water in several catalytic processes. Water diffusion of the
support surface through the Grotthuss’ mechanism, the role of water in the chain growth
mechanism of the Fischer-Tropsch (FT) synthesis or the role of surface hydroxyls in the
selectivity of the methanation reaction will be considered. These fundamental insights on the
surface reaction chemistry have been instrumental in the development of improved catalysts
and processes for energy conversion and fuels production. As an example, the Water-GasShift (WGS) reaction described by Lavoisier as earlier as in the 18th century plays a key role
in H2 production as well as in adjusting CO and H2 ratios in synthetic fuel synthesis. In fuel
processors it is critical to reduce the reactor volume, for this reason it is necessary to increase
the specific reaction rate of the catalyst. By designing Pt catalysts supported on proton
conductors we have been able to demonstrate the role of adsorbed molecular water on the
catalytic activity. This critical data obtained from IR operando spectroscopy of the catalyst in a
10%H2O/Ar atmosphere have shown the presence of molecular water at temperatures as high
as 350ºC as determined by the presence of the (HOH)+(OH) combination band at 5138 cm1. Furthermore, operando studies in the presence of water have clearly shown at 5 bar that in
the presence of water the intensity ratio of the stretching frequencies corresponding to CH2
and CH are strongly modified pointing to the role of water in the reaction mechanism of the FT
reaction.

Figure 1: Microreactors systems (left) and operando IR spectroscopy of catalysts at highpressure and high-temperature (right).
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