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From natural gas to plastics 

Usage of natural gas as feedstock for chemicals will maintain the current growth rate of the 
economy in a continuously surging demand for petrochemicals. The technology is there but is 
rather cumbersome and expensive because it has to be done with a detour. That is why a process 
in a single step is a long cherished wish, but despite all efforts that does not work enough to be 
able to scale at a factory level. Researcher Teofil Minea developed a plasma methyl radical source 
to be used in combination with catalysis for methane coupling.  
 
Methane, the main component of natural gas, is the least polluting of the fossil fuels. At the same 
time, it has a double role both as fuel but also as feedstock for chemicals and can be used as an 
intermediate to aid the energy transition. The primary challenge consists in the activation 
of the thermodynamically stable methane molecules. Plasma is considered a promising 
candidate for power transfer medium (electrons power molecules) that is also compatible 
with sustainable electricity. Moreover, with the transition towards renewable energy sources, 
the conversion from electricity to chemicals aids to sector integration. 
 
This thesis concerns the characterization of methane discharges in a microwave plasma 
reactor for the development of an efficient methyl radical source. The end goal is to have the 
flux of plasma produced methyl radicals interacting with catalytic surfaces. Catalysis can 
help in obtaining the desired hydrocarbon product leading to the selectivity of the conversion 
process. Methane conversion is usually complex and results in a variety of product species 
that are not always beneficial. For example, the formation of solid carbon deposits as soot is 
a common issue because it can deactivate the catalyst. A microwave reactor was chosen for 
methane plasma discharges because of the high energy efficiencies (up to 65 %) reported in 
the 1980s. The nonequilibrium nature of the microwave discharges that promotes vibrational 
excitation was put forward as a possible explanation for overcoming the thermodynamic 
energy efficiency limit of 50 %. 
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