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Abstract—Barrier-discharge stimulation of chemical reactions has been studied in the case of methane oxi-
dation by atmospheric oxygen with the formation of carbon monoxide and hydrogen. Experiments in a plas-
machemical reactor demonstrated the possibility of increasing the yield of synthesis gas (syngas) by means of
plasma pretreatment of the initial mixture of air and methane in a 7 : 1 ratio at atmospheric pressure. The
output-gas composition was determined by gas chromatography. It is established that the plasma-discharge
treatment of the initial gas mixture leads to a 15% increase in the amount of syngas at the reactor output and
increases the reaction selectivity with respect to hydrogen and carbon monoxide by 3.2 and 6.5%, respec-
tively.
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The synthesis gas (syngas), representing primarily a
mixture of carbon monoxide and hydrogen, is used in
the commercial synthesis of methanol, hydroformula-
tion reactions, and Fischer–Tropsch process for the
production of synthetic fuel and oil [1, 2]. There are
several methods of obtaining syngas, including steam
reforming of methane, carbonic-acid conversion of
methane, partial oxidation of methane by oxygen, and
coal gasification. Technologies of syngas production
from biomass and municipal solid waste have also
been developed [1–5].

Calculations [6] have shown that the cost of syngas
accounts for 60–70% of the total cost of methanol and
ammonia production and the Fischer–Tropsch pro-
cess. Thus, decreasing expenditures for the syngas
production would have a direct effect on the total cost
of these commercial processes.

The present work is devoted to the production of
syngas by partial oxidation of methane via the reaction

CH4 + 0.5O2 → CO + 2H2. (1)
Advantages of this method include the exothermal

character of the reaction leading to the formation of
carbon monoxide and molecular hydrogen in a 1 : 2
ratio (which is necessary for subsequent chemical pro-
cesses) and the absence of severe corrosion in parts of
equipment (which is unavoidable in the case of steam
conversion). At present, it is a common practice to
increase the efficiency of partial oxidation of methane
with the aid of rhodium or platinum catalysts [7–9].
Under these conditions, the selectivity of reaction
with respect to hydrogen ( ) increases from 25 to

85% and the selectivity with respect to carbon monox-
ide (SCO) grows from 70 to 96%. A disadvantage of this
process consists in the high cost and rapid degradation
of catalysts.

Based on some theoretical premises, it can be
expected that a certain preliminary treatment of the
initial gas mixture can increase the yield and improve
the selectivity of syngas production [10]. Indeed, the
selectivity with respect to hydrogen and carbon mon-
oxide in various plasmachemical reactors (PCRs) has
reached  = 15–60% and SCO = 35–80%, respec-
tively [11–13].

In these experiments, we have used dielectric bar-
rier-discharge (DBD) plasma, which is essentially
nonequilibrium. Physicochemical processes in this
discharge proceed more effectively than in the equilib-
rium plasma, since the activation of initial gases is pro-
moted by high-energy electrons. In addition, plasma-
pretreated gas in the PCR under consideration did not
relax to the initial state and directly entered the reac-
tion zone, because the DBD and combustion regions
were located near each other.

The experiments were performed in a PCR with a
plane-parallel electrode configuration (see figure),
where upper electrode 2 with a 52-mm diameter was
made of a steel grid and the lower (grounded) elec-
trode 4 was continuous. The electrodes were separated
by a 2-mm-thick dielectric (glass) and 1.5-mm-thick
air gap 3. The reactor was supplied with air–methane
in a mixture of 7 : 1 at a total gas-flow rate of
6.9 L/min. The initial gas mixture was pretreated with2HS

2HS
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DBD plasma in region 3 and passed via the grid elec-
trode directly to combustion zone 1. Combustion was
initiated at the reactor output, after which the f lame
front propagated toward grid electrode 2, with the sub-
sequent self-sustained combustion taking place near
this electrode. The DBD was controlled by applying
rectangular high voltage pulses with 10.5-kV ampli-
tude and 60-μs duration at a 4-kHz frequency, which
were generated by special source 5 [14, 15].

The chemical composition of the output-gas f low
was determined by an M3700 gas chromatograph hav-
ing three parallel analytic channels, which allowed all
components of the gas mixture to be analyzed simulta-
neously. Accordingly, the chromatograph was
equipped with three detectors: one of plasma-ioniza-
tion type and two of thermal-conductivity type. The
chromatographic system included a column packed
with CaA molecular sieves, a Porapak Q column, and
an HP-PLOT capillary Al2O3/KCl column. The out-
put-gas composition was analyzed in three regimes:
methane oxidation without DBD plasma pretreat-
ment (regime 1), partial oxidation of methane with
DBD plasma pretreatment (regime 2), and partial oxi-

dation of methane in DBD plasma without combus-
tion (regime 3).

The process selectivity with respect to H2 and CO
was calculated by the following formulas:

where Vobt. is the volume of obtained gas (H2 or CO)
and Vconv. is the volume of converted methane (CH4).
The reactor was used with a DBD operating in a mul-
tichannel mode [16]. The characteristic peak current
amplitude was 8 A, the dischargepulse energy was
3 mJ, and the average deposited power deposited in
plasma was 25 W.

Results of determination of the output-gas compo-
sition and calculation of the reaction selectivity are
summarized in the table. Note that the output-gas
composition in regime 3 is not indicated, since it was
the same as that in the input f low. As can be seen from
the data in the table, the amount of CO2 at the reactor
output increases in both regimes increased as com-
pared to the input value, which is indicative of com-
plete oxidation of methane according to the following
reaction:

CH4 + 2O2 → CO2 + 2H2O.

It should be noted that, when the initial gas was
pretreated in DBD plasma, the yield of CO2 decreased
by 0.6 vol %, while the amounts of obtained CO and
H2 increased by 1.8 vol % each. Calculations of the
selectivity showed that  and SCO in regime 2
increased by 3.2 and 6.5%, respectively. In view of the
above considerations, it can be concluded that pre-
treatment of the initial gas in DBD plasma leads to an
increase in the yield of syngas at the PCR output. This
effect is related to activation of the initial gas mixture
due to the formation of chemically active particles in
the gas.

In concluding, we have studied the barrier-dis-
charge stimulation of chemical reactions in the case of
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Results of measurement of the output-gas composition and calculation of the process selectivity

Component/selectivity Initial gas composition Regime 1 Regime 2

O2, vol % 17.5 ± 0.1 2.3 ± 0.4 2.2 ± 0.6
CH4, vol % 12.3 ± 0.4 0.0 0.0
CO2, vol % 0.1 ± 0.1 7.3 ± 0.5 6.7 ± 0.3
CO, vol % 0.0 5.2 ± 0.4 6.0 ± 0.4
H2, vol % 0.0 5.5 ± 0.4 6.3 ± 0.4

, % − 22.4 ± 2.4 25.6 ± 2.5

SCO, % − 42.3 ± 4.7 48.8 ± 4.8
2HS

Schematic diagram of the experimental setup: (1) combus-
tion zone, (2) grid electrode, (3) discharge gap,
(4) grounded electrode, (5) pulsed high-voltage source,
and (R) current-limiting resistor.
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partial oxidation of methane oxidation in a PCR. The
process was studied using three regimes, in which
(i) the initial gas was pretreated in DBD plasma and
immediately passed to the combustion zone, (ii) the
gas was not pretreated, and (iii) oxidation took place in
plasma without combustion. No yield of syngas was
observed in this last case, whereas the combustion of
plasma-pretreated gas led to a 15% increase in the
yield of syngas as compared to that in the case of a
reaction without gas pretreatment in DBD plasma.
The selectivity of the plasma-stimulated reaction with
respect to hydrogen and carbon monoxide increased
by 3.2 and 6.5%, respectively.
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