
Oxidation of methane using He/CH4/O2 or He/CH4/CO2 mixtures
in a DBD discharge

N. R. Pinhão, A. Janeco, J. B. Branco and A. Ferreira

ITN – Nuclear and Technological Institute, Sacavém, Portugal

Abstract: We describe the production of Syngas from mixtures of He/CH4 with an oxidant (either O2

or CO2) in a DBD discharge with or without a catalyst. In a DBD-only discharge, we obtained maximum
conversion rates of 60% (CH4) and 100% (O2) or 50% (CH4) and 20% (CO2), respectively with O2 or CO2 as
oxidant. On a DBD–catalyst reactor, without external heating, the CH4 and CO2 conversion rates increased
by 20%.
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1 Introduction

Methane is an important source for the production of
synthesis gas and an interesting candidate for the pro-
duction of higher hydrocarbons. Moreover, due to the
demand for cheaper and less polluting fuels, the pro-
duction of hydrogen from methane is of increasing im-
portance.

The main process of CH4 conversion is steam reform-
ing in the presence of a catalyst. However, the catalytic
conversion of methane has several drawbacks includ-
ing the requirement for high temperatures and rapid
oxidation. The latter is caused by the product being
oxidized faster than methane itself over the catalyst
[1], which then leads to deactivation of the catalysts.
Thus, alternative methods are of interest [2].

Conversion of methane using non-thermal plasmas
such as corona discharges [3], microwave discharges,
pulsed discharges [4] and dielectric barrier discharges
(DBD) [5, 6] have been previously explored.

One way to increase the dissociation and ionisation
processes in methane in a gas discharge is through the
addition of an atomic gas which shifts the electron en-
ergy distribution function to higher values thus increas-
ing the probability of inelastic processes in methane. In
this work we study the oxidation of CH4 using either
O2 or CO2 as oxidant, in helium based mixtures using
two types of DBD reactors. Most of the results are
obtained with a DBD-only discharge. However prelim-
inary results with a hybrid DBD–catalytic reactor are
also discussed.

2 Breakdown voltage in helium mixtures

An immediate consequence of adding helium to a
methane mixture is the lowering of the breakdown volt-

age as the helium concentration increases.
The breakdown voltage can be estimated from the

condition for self-sustainment in inhomogeneous fields:

∫ rM

r0

[α(E(r))− η(E(r))] dr = ln
(

1 +
1
γ

)
(1)

where r0 and rM are the limits for propagation of the
discharge, E(r), the electrical field, α and η, ionisation
and attachment coefficients and γ, the secondary emis-
sion coefficient.

Using a set of cross sections for methane based on
[7] but modified to improve the fitting with the exper-
imental values of transport parameters, we have cal-
culated the ionisation and attachment coefficients in
He/CH4/O2 and He/CH4/CO2 mixtures as a function
of the reduced electric field, E/N . The results can then
be used to solve equation (1) for several geometric con-
ditions and gas composition. Figure 1 shows the effect
of increasing the helium concentration in a discharge
at atmospheric pressure on a reactor with a cylindrical
geometry with r0 = 2.5mm and rM = 5mm (similar
to the second reactor used in this work) and mixtures
with, ratios [CH4] : [O2] = 2 or [CH4] : [CO2] = 1 and
two values of γ.

3 Experimental set-up

The results were obtained in two different reactors with
the following characteristics:

1. One chamber using a needle-to-plane (dielectric)
geometry with approximately 500 needles and a
spacing of 3 mm between each needle. The needles
were 5 mm long with a gap of 1 mm between the
tip and the dielectric (Pyrex);
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Figure 1: Breakdown voltage for a cylindrical geome-
try with 2.5 ≤ r (mm) ≤ 5 at atmospheric
pressure and Tg = 300K in mixtures of
He/CH4/O2 or He/CH4/CO2 for two values
of secondary emission coefficient γ.

2. A cylindrical geometry chamber built from a 10
mm I.D. glass tube and a 5 mm ø SS electrode,
supported by TMMACOR fittings. The exter-
nal (ground) electrode is an aluminium thin foil
stretched around the glass. The chamber has a
porous glass in one end to support a catalyser set
at a few mm from the tip of the internal electrode.

The power supply used allowed a maximum rms volt-
age of 10 kV with a frequency range of 4-6 kHz. The
Specific Input Energy (SIE)1 consumed in the dis-
charge systems was measured using the conventional
Lissajous method and compared with the results ob-
tained using other methods [8].

Mixtures of He/CH4/O2 and He/CH4/CO2, where
the helium concentration varied between 93-75%, were
studied. In the former, the ratio CH4/O2 was changed
from 0.8 to 1.0 while in the later, the ratio CH4/CO2

was changed from 0.1 to 1.0. The total gas flow was
controlled with standard mass flow controllers ranging
from 2 to 6 L/h.

The output gas composition was analyzed on-line by
gas chromatography using a Restek ShinCarbon ST
column (L=2.0 m, f=1/8 in., ID=1mm, 100/200 mesh)
and a Shimadzu 9A GC equipped with a thermal con-
ductivity detector (TCD) and a 6-port gas sampling
valve with a 0.250 microL loop.

Although the two reactors have different geometries,
the results obtained in each of them for the same gas
mixtures and values of SIE, are very similar. In view
of this, from now on we do not make a distinction be-
tween the results obtained from either. The differences
1SIE = Power consumption / gas flux

between the reactors lie in the range of SIE attainable
in each reactor (much larger in the first) and the possi-
bility of introducing a catalyst into, as well as external
heating, of the reactor, which is only possible in the
second case. Unfortunately we have observed that the
discharge in the second reactor is sensitive to thermal
instability leading to the development of an arc which
limits the useful range of SIE attainable with this re-
actor.

4 Results with the DBD-only system

In this communication we focus our attention on the
conversion rates for CH4, O2 and CO2 and on the se-
lectivities for H2, CO and CO2 production. However
in all the mixtures studies we have also detected the
production of C2H4 and C2H6 compounds with values
of selectivity between 0.1% and 10%.

The conversion rate for gas X is defined as the ratio

cX =
[X]in − [X]out

[X]in
× 100 (2)

while the CH4 selectivity for gas Y is defined as

sY =
[Y ]out

β([CH4]in − [CH4]out)
× 100 (3)

where β is the number of molecules of Y formed for
each CH4 molecule.

Figure 2: CH4 conversion in a mixture of 93.7% He +
6.3% CH4 as a function of specific input en-
ergy for several gas flow rates.

4.1 He/CH4 mixtures

We first studied the discharge on a 93.7% He + 6.3%
CH4 mixture using different gas flows. We obtained
a linear relationship between the methane conversion
rate and the specific input energy (figure 2) confirming
that the SIE is a characteristic parameter to study the
discharge.
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4.2 He/CH4/O2 mixtures

The mixtures with oxygen had a ratio CH4/O2 close
to one favoring the conversion of methane. Contrary
to what we expected, we observed a total conversion
of O2 for SIE values above 10 kJ/L (figure 3) while
only 60% of the methane was converted, indicating the
comsumption of oxygen in other reactions. The con-
version rates become stable above a SIE value of 10-
12 kJ/L. The main product from the methane decom-
position is CO2 (figure 4). The selectivity for hydro-
gen is low indicating that either methane is converted
to CnHm products or the hydrogen produced is sub-
sequently converted to other products. However we
observed a low selectivity for CnHm products and the
formation of water, thus favoring the second hypoth-
esis and explaining also the disappearance of oxygen.
The selectivity for CO decreases with SIE.

Figure 3: Conversion of CH4 (blue/cian) and O2

(red/magenta) in a mixture with 93% He and
a CH4/O2 ratio of 0.9 (◦) or 0.8 (O).

4.3 He/CH4/CO2 mixtures

The mixtures with CO2 also had an excess of oxidant.
The conversion rates for CH4 were sligtly lower than
with O2 but continue to increase with the SIE (figure
5). The conversion of CO2 can reach a maximum of
20%. The values of selectivity for H2 and CO can reach
80% and 70%, respectively (figure 6).

5 Results on a DBD–catalyst reactor

We have tested three different catalysts in mixtures
with CO2: a commercial 5% Rh - Al2O3 catalyst and
two other catalysts developed by the group based on
Cu-Ce or Pr-Ni oxides. All catalysts show similar re-
sults at low temperature and will be treated as equal.
The catalysts were set on the lower end close to the

Figure 4: Selectivity for H2, CO and CO2 in a mixture
with 93% He and a CH4/O2 ratio of 0.9 (◦)
or 0.8 (O).

Figure 5: Conversion of CH4 and CO2 in He/CH4/CO2

mixtures.

Figure 6: Selectivity for H2 and CO in He/CH4/CO2

mixtures.
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discharge zone. The results were obtained under two
(2) conditions: without external heating, and with the
DBD discharge chamber inside an oven at 600 K. How-
ever in this last case we found that the discharge is un-
stable, easily develops an arc and has a narrow useful
range of working voltages.

Figures 7 and 8 compare the results obtained with
and without catalyst. The results with catalysts were
obtained with a helium concentration of 75%. Also
shown are a selection of results from figure 5 obtained
without catalyst but with a helium concentration of
91%.

The presence of a catalyst increases the conversion
rate for both gases by an average of 20%. Although the
two sets of results were obtained with different helium
concentrations, it is expected that the conversion rate
without catalyst will decrease with decreasing helium
concentration, thus increasing the present difference.

The selectivities for H2 and CO were comparable
with the results without catalyst.

Figure 7: Conversion rate for CH4 on mixtures with
75% He and with (blue) and without (red)
the presence of a catalyst. ◦: Cu-Ce oxide,
O: Pr-Ni oxide, �: 5%Rh on Al2O3.

6 Conclusions

We have studied the oxidation of methane in mixtures
with helium using oxygen or carbon dioxide as oxidant
both with or without the presence of a catalyst, and
without external heating.

The highest methane conversion rate was obtained in
mixtures with oxygen. However due to competing reac-
tions the selectivities for hydrogen and carbon monox-
ide are relatively low.

Mixtures with carbon dioxide show a slightly lower
methane selectivity but have the additional benefit of
attaining a 20% conversion of CO2. with high selectiv-

Figure 8: Conversion rate for CO2 with (green) and
without (magenta) the presence of a catalyst.
Same catalyst and symbols as in figure 7.

ities for hydrogen and carbon monoxide. The ratio of
these products approaches one.

Preliminary results with DBD-catalyst systems in
He/CH4/CO2 show an increase of selectivities by 20%
without external heating.
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