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Low-temperature plasmas are very promising for efficient CO2 dissociation for the production 

of carbon-neutral fuels and chemicals. These are a crucial component of a future energy grid 

based on electricity [1]. At DIFFER, microwave (MW) plasma reactors are used to efficiently 

convert CO2. The optimal conditions for these MW plasma reactors have shown a strong 

correlation with pressure and discharge contraction dynamics. The contraction mechanisms 

have been studied experimentally in relation to the skin-depth of wave absorption, the 

ionization degree of the plasma core, the gas temperature and the heat capacity of the plasma 

[2,3]. However, the influence of plasma chemistry on the contraction dynamics in CO2 has 

not been studied and is not understood. A numerical model is developed to simulate the 

chemical processes taking place in the CO2 plasma, including neutral, electron and ion 

kinetics. The model is used in experimental conditions and validated through comparison of 

simulated and measured power densities. Then, the model is used to complement the 

experiments. It shows that the thermally-driven neutral composition of the plasma determines 

its ionic composition. A change from molecular to atomic dominant ion is shown to be 

determinant for discharge contraction. As a result of the combined experimental and 

numerical study, the contraction dynamics in CO2 microwave discharge is explained. 
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