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Non-thermal plasmas at atmospheric pressure are under investigation to eliminate undesirable
Volatile Organic Compounds (VOCs) in air [1], in particular odorous compounds. However, complete
oxidation of these molecules is not yet achieved (poor CO2 selectivity) by this method. The combining
of the plasma with a catalyst, i.e. a short pulsed electrical discharge and a catalyst deposited on various
support as honeycomb monoliths [2] or pellets, seems a good way to improve the energy efficiency of
the conversion processes and to achieve a complete oxidation of the pollutant molecule [1, 2].
Optimisation of the plasma-catalysis coupling should be improved if all by-products coming from the
discharge are known. In this way, the catalyst can be correctly chosen, in order to oxidise these
products when the energy deposited in the plasma is low (i.e. low value of the repetition frequency, no
treatment of products by the plasma). For the present study, 2-heptanone (C7H14O) is chosen as
representative of a class of odorous compounds.

The conversion is made in a cylindrical DBD geometry. In order to get insight the physical
and chemical mechanisms involved in the plasma conversion process, we use two different modes of
excitation for the DBD reactor. The electrical energy is supplied either by a high voltage AC generator
(peak voltage value up to 30 kV, working at a frequency of 50 Hz) or by a pulsed generator (30 kV,
frequency between 1 Hz up to 10 kHz). For the AC generator, the specific energy is observed to
increase linearly when the peak voltage value increases from 14 kV up to 30 kV. For the pulsed high
voltage generator, the electrical energy per pulse is almost constant for a frequency varying between
20 Hz and 200 Hz, therefore the specific energy increases linearly with the frequency in this range.

Several analytical methods are involved to identify by-products in order to obtain a detailed
understanding of the discharge effluent composition. Use of chemical ionisation in the compact
FTICR mass spectrometer BTRAP [3] allows performing real-time analysis of the complex effluent
mixture. The mass resolution of FTICR allows differentiating quasi-isobaric species. In the same way,
gas chromatophy analyses are made. Several by-products are identified in N2 or in air: 2-hexanone,
pentanal, butanal, propanal, acetone, acetaldehyde, formaldehyde, n-hexane, n-pentane, isopentane,
butane, butene, heptanedione, cyanhidric acid.

The conversion of 2-heptanone shows two different behaviours with the different excitation
modes. For example, the exit molecule concentration is plotted in Fig. 1. For some VOCs, it seems
clear that production of oxygen atoms and hydroxyl radicals in the plasma leads to the removal of the
undesirable molecule through oxidation processes, the higher the specific energy, the higher the
radical production and removal efficiency. However, following recently published investigations on
the removal of NO in air [4], one can expect that the removal efficiency should not only depend upon
the specific energy, but also upon other discharge parameters such as the number of streamers per unit
volume and the energy deposited in each micro-discharge. This could be an explanation for the results
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plotted in figure 1 which emphasizes that the 2-heptanone removal is much easier using a pulse
excitation mode. Such a phenomenon has already been observed for isopropanol conversion using the
same experiment [5]. It is also noteworthy that 2-heptanone is efficiently remove in N2. The reaction
mechanisms involved are under investigation.
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Fig.1: 2-heptanone concentration at the exit of the DBD reactor in dry air or in N2 energised by AC and

pulsed HV waveforms.

In Fig. 2 is plotted the evolution of formaldehyde concentration issued from conversion of 2-
heptanone in case of pulsed excitation in air and in N2. This result shows that by-products are not
issued only from oxidation reactions, but also from C-C bound cleavage by collision with electrons,
ions, or nitrogen excited states.
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Fig.2: formaldehyde concentration at the exit of the DBD system in dry air or in N2, pulsed generator.
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