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The transition from a fossil-fuels based to a renewable energy-based society poses large challenges.
This is related to fundamental differences in the physico-chemical nature of these energy sources.
Coal, oil and gas are (or are easily interconverted into) solid, liquid and gaseous fuels. In contrast the
most prominent renewable energy sources (solar and to a lesser extent wind energy) generate
electricity, an energy vector for which storage is not self-evident. Hence to fully switch to renewables,
efficient and cost-effective energy storage is indispensible, and it is difficult to imagine not at least
partially relying on chemical fuels. One possibility is to generate sustainable hydrogen by electrolysis
(using solar/wind electricity) and combining with CO, to form synthesis gas, which can be converted
in a range of chemical including liquid fuels, methanol, and synthetic gas.

These reactions are steered by transition metal catalysts, typically supported metal nanoparticles (<10
nm). However metal nanoparticles have an inherent tendency to grow into larger crystallites at
increased temperatures and in reactive gas atmosphere, leading to a decrease in the specific metal
surface area and hence activity. Generally the catalyst stability is lower when higher CO,
concentrations are involved. However, relatively little is still known about the mechanisms of particle
growth. In detail I will discuss the catalyst stability during the conversion of H, and CO/CO, into
methanol under realistic catalytic conditions. We vary particle parameters and support parameters
using 3D model catalysts. Our aim is to understand in detail the interplay of different structural
parameters and to obtain information on the nature of the mechanism of particle growth (for instance
Ostwald ripening versus particle migration and sintering), in order to design more robust catalysts for
synthesis gas conversion.
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