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Plasma Chemistry and Catalysis
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Since the discovery of the ozonizer by Siemens in 1857 [1], [2], plasma has been used to carry out
several chemical processes of high interest, such as hydrocarbon reforming, synthesis of high-value-
added chemicals (hydrogen, ammonia), and elimination of pollutants (VOCs, CO2). In the late 1990s
and throughout the first two decades of the 21st century, many studies have been published
incorporating classical catalysts into plasma reactors, leading to the establishment of the term “plasma
catalysis” within the community [3]. The objective behind the inclusion of catalysts in plasma reactors
is to enhance the energy efficiency and chemical yield of the processes, aiming to achieve synergies
between plasma-assisted chemistry and the classical catalytic effect of catalysts in contact with plasma.
Numerous studies have been conducted to analyze the synergistic effect of plasma catalysis in processes
of significant environmental importance (such as CO, elimination, greenhouse gas conversion, NOy and
NH; synthesis, water decontamination, etc.) as well as those of energetic interest (including H»
synthesis, CH4 conversion, alcohol production, etc.).[4], [5] Different authors have analysed, both
experimentally and theoretically, the possible mechanisms that take place in the plasma in the presence
of catalysts, leading to an increase in process performance. For this purpose, operational parameters of
plasma reactors are usually varied, among which temperature, operating voltages, gas flow and type of
barrier materials stand out. Currently, numerous works are still being published on this topic, and it is
an area of great interest in the field of plasma chemistry, with one of the highlights being the recent
controversy over the real role of catalysts during plasma-assisted processes. [6], [7] Recent studies have
demonstrated that the synergistic effect [5], [8] found is not due to a classical catalytic effect (or if so,
it is of second order), but rather to the modifications that the inclusion of metallic particles has on the
electrical properties of the discharge. Although those results would depend greatly on the type of process
under study (they will not be the same for hydrocarbon reforming as for ammonia synthesis) they open
a debate of great interest in the scientific community.

In this talk, we will focus on the ammonia synthesis process carried out in a packed-bed plasma
reactor, including a classical ruthenium (Ru) catalyst -used in conventional thermal methods- in the
ferroelectric packed-bed barrier, aiming to increase the yields and energy efficiencies of the process.
We will analyse the ammonia synthesis process in the presence/absence of the Ru catalyst, and working
at two different temperatures, ambient and 190°C (at which purely catalytic effects could be expected).
We will address the study of the catalyst's effect on plasma properties, analysing current curves through
the reactor, power consumption, energy efficiency, and simulating the possible effects of incorporating
the metallic catalyst into the packed bed. Our results demonstrate, for the first time in the literature up
to our knowledge, that the reported synergy is not due to a classical catalytic effect but rather to the
modifications that the inclusion of metallic particles (classical catalysts) has on the plasma.
Additionally, it is shown that purely chemical catalytic effects are negligible during plasma-assisted
NHj; synthesis. Our conclusions reveal that the use of classical metallic catalysts, which are highly
expensive, is not a good strategy for increasing the energy efficiency of the plasma-assisted ammonia
synthesis. These results are highly significant in the field of plasma catalysis, where it has traditionally
been assumed that the found synergy is due to catalytic effects, implying that the catalytic effect is
responsible for the increased reaction yield.
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