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Determining the origin of the plasma–catalysis synergy and reaction mechanisms in non-thermal plasma-enhanced catalytic reactions remains challenging because complex processes take place when coupling plasma with heterogeneous catalysts. Simultaneous homogeneous plasma-phase reactions and heterogenous surface catalytic reactions occur in the system, which makes distinguishing the plasma’s contributions challenging. In our study on low-temperature sulfur dioxide (SO2) reduction to elemental sulfur in a flow reactor, coupling dielectric barrier discharge (DBD) plasma with supported transition metal sulfide catalysts such as FeS2/Al2O3, significantly promotes low-temperature reduction of SO2 by 148–200%, with over 98% selectivity to elemental sulfur. Strong synergistic effects are attained, as the sulfur yield is about 47–82% higher than the sum of the yield when using DBD-plasma and sulfide catalysts separately. We have performed a rigorous evaluation of surface reactions under plasma conditions using SO2 hydrogenation as a probe reaction. A temperature-programmed plasma-induced surface reaction approach is used to decouple plasma-induced surface reactions from plasma-phase reactions. The qualitative and quantitative analyses reveal a new Eley-Rideal reaction between plasma-generated atomic hydrogen in the gas phase and strongly adsorbed SO2 over alumina, a reaction that is not thermally feasible. Furthermore, plasma causes partial desorption of weakly adsorbed SO2 species and enhances the strong chemisorption of SO2 over supported iron sulfide catalyst. Moreover, plasma facilitates H2 chemisorption and reaction with iron sulfide surfaces, producing sulfur vacancies. This work sheds light on the possible origin of plasma–catalysis synergy and offers fundamental insight into the underlying mechanisms of plasma-assisted SO2 hydrogenation reaction. 
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