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Past experiments have reported1 a record high energy efficiency (up to 90%) for plasma based CO2 

dissociation by means of a supersonic microwave discharge. So far, no detailed description of the 

chemical processes, occurring in such reactor, has been reported. In this work, we study these 

processes by means of a chemical kinetics model, elucidating the crucial role of the asymmetric 

vibrational modes of CO2. This model uses flow values, calculated by the commercial software 

package COMSOL, as input parameters for the chemical kinetics model. The study is performed 

over a range of specific energy input values, by varying both the flow rate and the applied 

microwave power.  

 

1. Introduction 

Microwave sustained discharges have gained 

increasing interest as a possible pathway in the 

reduction of anthropogenic CO2 emission2. Their 

non-equilibrium nature allows for a very efficient 

excitation of the asymmetric vibrational modes, 

leading to dissociation3,4.  

Very promising experimental results have been 

reported with a supersonic microwave discharge, in 

which the flow passes through a Laval nozzle1. In 

this setup, the flow passes through a convergent-

divergent nozzle, which creates a desired pressure 

drop in addition to a supersonic flow velocity. 

So far, no computational chemical kinetics study has 

been reported, explaining the underlying chemistry 

for such type of discharge, using a pure CO2 gas. 

 

 

 

2. Methodology 

This computational study is performed by a 0D 

chemical kinetics model, using the code  

ZDPlaskin5. The model solves various balance 

equations for the different plasma species, providing 

the evolution of the species densities through the 

reactor. The Electron Energy Distribution Function 

is calculated at every computational point by a built-

in Boltzman solver, called BOLSIG+6.  

The chemistry set which is used in this work is 

based on the work of Kozák et al3,4. It takes into 

account all the CO2 asymmetric mode levels up to 

the dissociation energy of 5.5eV, together with 4 

effective low-lying symmetric stretching and 

bending mode levels.  
 

3. Results 

In figure 1, we show the calculated values for 

velocity and pressure when applying a total pressure 

of 2 atm on the inlet. The results show the 

characteristic pressure drop after the nozzle, 

followed by a shockwave, as is also experimentally 

observed for a similar setup1,4.  
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Figure 1: Calculated velocity magnitude [m/s] (left) and 

absolute pressure [Pa] (right) profiles for a total input 

pressure of 2 atm. 
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