An overview of recent advances in catalytic decomposition of N2O on noble metal and metal oxide catalysts
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Research in the field of catalytic decomposition of nitrous oxide (N2O) has attracted intense interest in the past decades. This is due to the fact that large amounts of N2O are produced by anthropogenic activities, such as stationary or mobile combustion processes of fossil fuels and/or biomass, certain chemical industries (e.g. adipic and nitric acid production plants) and the use of fertilizers in land cultivation. However, nitrous oxide is a powerful greenhouse gas, which has recently also been recognized as the dominant stratospheric ozone-depleting gas in the 21st century. It has a long lifetime of approximately 114 years in troposphere with a global warming potential to be 310 times higher than that of CO2. It is estimated that N2O emissions will double by around 2050, if the appropriate methods for N2O abatement from anthropogenic emissions are not applied urgently and widely. Therefore, the control of N2O emissions is of great importance. The catalytic decomposition of N2O into N2 and O2 is the most promising and cost-effective technique to reduce its emissions, due to the simplicity, the high efficiency and low energy requirements of the process compared to other methods like thermal decomposition and selective absorption. To this purpose, a wide variety of catalytic materials for N2O decomposition has been developed and studied in recent years. The main aim of the present work is to comprehensively and comparatively review the recent advances on the research for developing effective deN2O catalytic materials involving both supported noble metal (NM) and NM-free mixed metal oxide catalysts. Particular attention is paid to the main factors influencing the deN2O activity and stability of the catalysts, among others  the preparation method, the nature and the oxidation state of the active phases under reaction conditions, possible metal-support interactions and crystallite shape or size effects, as well as imposed reaction conditions (temperature, presence of other reactants, etc) in order to gain a deep understanding of structure-activity relationships that promote the DeN2O efficiency of the catalytic systems.
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