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Production of liquid fuels and also the hydrogen are among the main goals of nowadays 
research in gas conversions. For this purpose, vast resources of natural gas, the main constituent of 
which is methane, can be used. Syngas production through methane reforming by carbon dioxide 
has shown to be a good path towards different chemicals. Syngas is utilized in Fischer-Tropsch 
processes for liquid fuels synthesis or can be used to produce hydrogen by water shift process. 
Carbon dioxide has high cross section of vibrational excitation by electron impact while its 
vibrational relaxations are low making it a good molecule in plasma conversion processes, 
through vibrational modes. This is exactly why the light generation, in the gas discharge CO2 
laser, has the highest overall efficiency among the gas laser sources. Therefore, because of highly 
populated vibrational levels, the dissociation is more easily accomplished through vibrational 
degrees of freedom in plasmas where average electron energies are in the range of 1-3 eV.  

Recently, the use of short pulsed discharges to convert gases has been one of the major 
trends. It is important that the pulse period to be less than characteristic vibrational relaxation 
time, in order to high degree of dissociation through vibrational path is achieved. Furthermore, 
another important parameter is the proper compromise between the energy density and the local 
temperature rise in the discharge channel [1]. Consequently, besides employing short pulse, the 
electrodes configuration also plays a great role.  

In this study we propose a type of nanoseconds pulsed plasma that is basically operates 
similar to that introduced in the previous works [1,2], unless having a different preionization 
technique that is spark arrays instead of sliding surface corona discharge. This plasma is employed 
to produce syngas from the mixture of methane and carbon dioxide.  

The plasma reactor consists of  two uniform field aluminium electrodes, alongside which 
two arrays of spark channels are placed that provides preionization. The bottled carbon dioxide 
and methane gases were introduced through flow meters into the reactor. A resonance charging 
circuit similar to what has been already employed elsewhere[1], provided the short pulses with 
controllable frequency and the height. The time duration of the pulse was about 60-70 ns. The 
pulse energy was in the range of 10-20 mJ that was depended on the pulse frequency and voltage. 
By introduction of the carbon dioxide, the plasma was a mixture of glow and arc having a visible 
volume of approximately 0.5 cm3. The products were analyzed by a gas chromatograph (Varian 
CP-3800P). The products was mainly syngas and C2 hydrocarbons.  

The energy efficiency is defined as the standard enthalpy change of the overall reaction, 
divided by the plasma energy gone to the dissociation in the overall reaction. The conversions and 
the selectivities are the same as those are usually defined in the literature.  

The Fig.1 shows the behaviour of the different conversion parameters against the gas 
proportion of the reactants at the inlet. The energy efficiency increases by the introduction of more 
CO2, reaching the value of more than 55% at the ratio of CO2/CH4=3. This high energy utilization 
efficiency is achieved where the conversions of both reactants are also relatively high. These 
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values of the energy efficiency have not been observed in the conventional ac or dc plasmas 
(corona or DBDs), where it amounts only to few percents. This obviouse difference is due to the 
high degree of the molecule vibrational nonequilibrium achieved in the short plasma, as has been 
already confirmed by the experiment and theoretical model [1].  

At variouse working regimes, the average temperature inside the reactor was within the 
range 50- 150 0 C. The next figure shows that the H2/CO proportion can be varied by the gas 
proportion of the reactants.  
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Fig. 1 Conversions of the reactants and the energy efficiency as function of the inlet reactants 

proportion.  
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         Fig. 2 Selectivities of different products against the inlet reactants proportions. 
 
These achievements evidence the possibility of industrial scale application of this plasma type for 
syngas production. So far, only the conventional arc discharge has demonstrated the industrial 
scale gas conversion for a limited products, including syngas, acetylene and hydrogen. More 
studies are needed to extend the capabilities of this plasma for production of the other important 
products.  
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