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A key feature of the copper-based catalyst applied commercially to remove NO and NO2 from
the exhaust of combustion engines is the ability of copper to change oxidation state. The
reaction is known as the Selective Catalytic Reduction (SCR). Fortunately, copper (Il) gives
an informative and quantifiable EPR signal even at the reaction conditions of the catalyst
above 250 °C. This can be used to obtain information about the catalyst, which is impossible
to obtain in any other way, such as the steady-state distribution of copper species in a working
catalyst bed.

We have developed a methodology to investigate heterogeneous catalysts using CW EPR
spectroscopy on the reactor configured for catalytic reactions. We have applied several types
of protocols to extract useful information about the amount of reactive metal, the identity of
the active metal species and the time-resolved reaction dynamics of the catalyst.

The influence of the chabazite (CHA) zeolite framework on the reactive copper centers will be
illustrated.[1] This includes the topology of the zeolite as well as the total amount and the local
distribution of aluminum in the structure, which depends upon the synthesis method of the
zeolite.[2] The method of introduction of copper into the material is largely unimportant,
however, due to the very high mobility of copper at reaction conditions.

Our recent results on catalyst deactivation by sulfur species [3] shows that the rate of copper
reduction is severely inhibited, but that the rate of oxidation is enhanced compared to the fresh
state of the catalyst. The exact amount of copper accessible for the reaction gases can be
quantified by in-situ EPR and it is shown that it decreases by catalyst deactivation and is only
partially reclaimed by catalyst regeneration.
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