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Non-thermal plasmas at atmospheric pressure in N2/O2/hydrocarbon mixtures are
currently under investigation for applications such as treatment of engine exhaust gases [1] or
combustion triggering and control [2]. Extensive experiments and modelling works are
performed in order to understand physical and chemical processes involved. Corona or
dielectric barrier discharges are widely used in such studies. However a comprehensive kinetic
interpretation is not easy to achieve because it requires a self-consistent modelling of both the
streamer propagation physics and the strongly reactive chemistry for the gas mixture under
consideration. In this work, a pre-ionised (photo-triggered) discharge is used to study the
conversion of propane in nitrogen and N2/O2 mixtures at different oxygen concentration values
(up to 20 %), and to examine the role of the hydroxyl radical produced by the plasma kinetics.
Effect of water vapour added to the mixture (up to 2.3 %) is also examined. Owing to the spatial
homogeneity of the plasma, a self-consistent 0D-model is used to determine the main kinetic
processes involved in OH production and propane conversion.

A description of the experimental device (UV510 reactor) and of the model have been
previously published [3]. The discharge volume is 50 cm3, with an electrode spacing of 1 cm.
The total pressure of the studied mixtures has been fixed to 460 mbar. Propane is added to
N2/O2 with a concentration value between 0.02 and 0.55 %. Gas chromatography has been used
to follow the removal of propane and the increase of by-products concentrations. A flash lamp
synchronised with a gated intensified CCD camera has been implemented on the UV510 reactor
in order to measure, in absolute value, the time evolution of the OH density (from 0.5 µs up to 1
ms, time resolution 250 ns) after the current pulse (60 ns duration) through absorption
spectroscopy (rotational transitions between the ground X state, v’’=0, and the A state, v’=0).

In figure 1 are plotted the predicted and measured converted propane concentrations in
nitrogen, as function of the initial concentration. For this example, the initially applied reduced
electric field between the gap is 200 Td; the energy deposited during the current pulse is 4.6 J.
In nitrogen, quenching of N2 metastable states by C3H8 are in great part responsible for the
disappearance of the hydrocarbon molecule.

Addition of oxygen and/or water vapour induces a greater reactivity owing to
production of effective oxidation species (O, OH, …). At low temperature, OH is known to be
the most important reactive species involved in the removal of saturated hydrocarbons. In case
of wet air, this radical is efficiently produced during the discharge by dissociative electron
collisions on H2O or reaction of the water molecule with the first excited state of the oxygen
atom. Thereafter OH reacts with the hydrocarbon according to the following collision process,
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OH + C3H8 → C3H7 + H2O (1)
On the other hand, in dry air, the first step of the hydrocarbon removal is the molecule oxidation
by O-atoms, i.e.

O + C3H8 → C3H7 + OH (2)
In Figure 2 is plotted the OH density measured for 0.5 % of propane in N2/O2 at different
oxygen percentage values. It can be seen that the maximum OH density arises at a time of
several µs after the discharge. This maximum increases when the oxygen concentration
increases. The hydroxyl radical is either directly produced by reaction (2), or it appears
following a complex reaction scheme. This scheme will be discussed for propane.
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Fig. 1 Conversion of propane in nitrogen. Symbols : experimental results; line : model predictions.
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Fig. 2 Time evolution of the OH density in N2/O2/C3H8 mixtures. O2 concentration : given on the
diagram. Propane concentration : 0.5 %.
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