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The conversion of methane to value-added chemicals and fuels is generally renowned as a 
challenge for the 21st century [1]. More in particular, the direct synthesis of oxygenates like 
methanol and formaldehyde possesses great potential. The currently applied indirect process for 
the conversion of natural gas to oxygenates includes the production of synthesis gas by steam 
reforming and is therefore a highly energy-intensive process. 

Non-equilibrium atmospheric pressure dielectric barrier discharges (DBDs) have the unique 
characteristic that they combine an ambient bulk gas temperature and the presence of highly 
energetic electrons with an electron temperature between 5000 and 20000 K at an electron density 
of about 1014/cm3. This feature enables reactions that thermodynamically would not occur at these 
low gas temperatures [2] and makes DBDs useful for the conversion of methane to methanol [3]. 

In order to be able to optimize the conversion of methane into methanol, resulting in an 
optimal balance between yield and selectivity, it is necessary to understand the underlying 
chemistry of the conversion process. Our aim is to develop a fluid model for a cylindrical DBD 
used as a chemical reactor for gas conversion. In order to determine the optimal gas composition 
and to understand the whole conversion process, we studied the detailed chemistry in a pure 
methane plasma and in a methane/oxygen plasma. 

For this purpose, a two-dimensional time-dependent fluid model for an atmospheric 
pressure DBD, as a part of the PLASIMO code [4], has been applied. It is based on the continuity 
and flux equations for each type of particles treated, the electron energy equation and the Poisson 
equation. This set of coupled partial differential equations is solved by the so-called modified 
strongly implicit method. Details of the model can be found in reference [5]. 

A large number of different plasma species (i.e., electrons, molecules, radicals, ions) are 
included in the model, as well as a comprehensive set of chemical reactions, into which these 
species partic ipate. For the electron-induced reactions, cross sections as a function of the electron 
energy were defined as input for the Boltzmann solver BOLSIG+ [6], which provides for the 
energy dependent transport and rate coefficients, whereas the ion-neutral and neutral-neutral 
reactions were characterized by rate coefficients.  

The numerical model has been applied to an atmospheric pressure cylindrical DBD at 300 
K. The reactor consists of two coaxial stainless steel electrodes with alumina as a dielectric on the 
inner side of the outer electrode. A high voltage of 20 kV with a frequency of 40 kHz is applied on 
the inner electrode. The discharge gap where all the chemical reactions are taking place is a few 
millimeter wide. The length of the reactor is 6 cm and the outer diameter is 3 cm. 
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The results calculated with the model include the density profiles and fluxes of all the 
different plasma species in the pure CH4 plasma and in the CH4/O2 plasma. In this way we obtain 
the relative importance of the different chemical reactions in defining the end products of interest, 
methanol and formaldehyde. 

Moreover, the model gives us the possibility to optimize the gas ratio for an optimum yield 
and selectivity, and at later stage to compare these results with those for other gas mixtures.  
Parallel to our numerical research efforts experimental research concerning the development of the 
gas conversion reactor will take place at the “Flemish Institute for Technological Research 
(VITO) [7]”. 
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