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Abstract
We reported a coaxial, micro-dielectric barrier discharge (micro-DBD) reactor and a conventional DBD reactor for the direct conversion of
methane into higher hydrocarbons at atmospheric pressure. The effects of input power, residence time, discharge gap and external electrode
length were investigated for methane conversion and product selectivity. We found the conversion of methane in a micro-DBD reactor was
higher than that in a conventional DBD reactor. And at an input power of 25.0 W, the conversion of methane and the total C2+C3 selectivity
reached 25.10% and 80.27%, respectively, with a micro-DBD reactor of 0.4 mm discharge gap. Finally, a nonlinear multiple regression model
was used to study the correlations between both methane conversion and product selectivity and various system variables. The calculated
data were obtained using SPSS 12.0 software. The regression analysis illustrated the correlations between system variables and both methane
conversion and product selectivity.
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1. Introduction

Methane is the primary component of natural gas and
shale gas. In recent years, CH4 has also become increasingly
relevant in chemistry and industry, both as a source of H2 and
a raw material for producing other complex hydrocarbons.
This conversion of CH4, however, is a challenging problem
because of the strong bond energy of C–H in methane [1].
Many researchers are trying to develop technology to over-
come this problem [2−4]. Of the methods being developed,
the use of non-thermal plasma is one of the most promising
method. Non-thermal plasma is an effective tool to generate
energetic electrons because it is not in thermodynamic equi-
librium and can initiate a series of chemical processes, such as
ionization, dissociation and excitation. Research teams have
studied various discharge techniques for direct methane con-
version, including corona discharge [5], spark discharge [6],
microwave discharge [7], pulsed plasma [8], gliding arc dis-
charge [9] and dielectric barrier discharge (DBD) [10−13].

DBD is commonly used in direct CH4 conversion to in-
dustrially valuable chemicals and liquid fuels at atmospheric
pressure because of its low cost and ease of use [14]. The pri-
mary drawbacks of using conventional DBD reactor for CH4

conversion are lower levels of conversion, poor selectivity to
desired hydrocarbons and higher energy cost.

A more favorable alternative is the micro-dielectric bar-
rier discharge (micro-DBD) technique, in which the plasma
is confined to critical dimensions below approximately 1 mm,
with the energy density comparatively higher [15]. Micro-
DBD technology has been widely used for chemical synthe-
sis [16,17] and micro-chemical analysis [18]. Additionally,
micro-DBD combines the advantages of non-thermal plasma
with those of micro-reactors, offering better control of pro-
cessing parameters for the selective synthesis of particular
products. Recently, Aǧiral et al. [17] reported a multi-phase
flow, non-thermal plasma micro-DBD reactor for the par-
tial oxidation of methane to liquid oxygenates at atmospheric
pressure. Micro-DBD can improve both the one-pass conver-
sion of methane and product selectivity, allowing liquid com-
ponent selectivity to reach 25% due to the lower reaction tem-
perature.

Although the conversion of methane could be enhanced
by the presence of oxygen, which could also further oxidize
the desired products produced in intermediate reaction steps.
Therefore, in this study, only pure methane was fed into the
electric discharge environment so the steady-state reaction
behavior could be monitored in a non-oxidative environment.
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The micro-DBD reactor was used to convert methane into
valuable products such as ethane, ethylene acetylene and
propane. In order to compare a micro-DBD with the conven-
tional DBD reactor for the conversion of methane, the conven-
tional DBD with a discharge gap of 1.9 mm was also inves-
tigated, and the difference between micro-DBD and conven-
tional DBD reactor was discussed. The effects of input power,
discharge gap, residence time and external electrode length on
methane conversion and hydrocarbon selectivity were investi-
gated. Finally, we used a nonlinear multiple regression model
to examine the correlation of methane conversion and product
selectivity with the abovementioned system variables within
appropriate ranges, and we discussed the reaction process.

2. Experimental

2.1. Experimental setup

The schematic diagram of the experimental setup is
shown in Figure 1. The setup consisted of three parts: a
micro-DBD reactor, a flow control device and a detection and
analysis system. The micro-DBD reactor consisted of a quartz
tube with wall thickness of 1 mm (inner diameter (r): 5.8 mm;
length: 200 mm) which was equipped with an internal stain-
less steel electrode (various outer diameters (D) were used to
alter the discharge gap). The external aluminum foil electrode
was wrapped around the outside of the quartz tube. A ther-
mocouple was attached to the outer wall of the quartz tube to
measure the reactor wall temperature, located 5.0 mm above
the ground electrode. The discharge was initiated when AC
voltage sufficient power (CTP-2000, Nanjing Suman Elec-
tronic Company Limited) was applied between the two elec-
trodes. The AC voltage applied in this study was 6.4−8.6 kV.
The voltage and current waveforms were measured with an
oscilloscope (DPO-2012, Tektronix) using a voltage probe
(P6015A, Tektronix) and a current monitor (A622, Tektronix).

Figure 1. Schematic diagram of CH4 conversion by micro-DBD reactor

2.2. Gas f low measurement and analytical system

Pure methane (99.9%) was introduced into the micro-
DBD reactor. All the experiments were performed at atmo-

spheric pressure. The feed gas flow rate was controlled by a
set of mass flow controllers (MFCs) that were calibrated us-
ing a bubble flow meter. To check the outlet gas, the flow rate
of effluent gas was measured with a bubble flow meter, while
the cumulative flow rate of effluent gas was measured with a
wet test meter during the experiment. The total gas flow rates
were varied from 20 mL/min to 60 mL/min. In the following
discussion, the compositions of outlet gases in all the exper-
iments were analyzed continuously by gas chromatography
(GC) for plasma reactions that were maintained for 10 min
or longer unless otherwise specified. The GC, equipped with
a thermal conductivity detector (TCD) and using He as the
carrier gas, was able to detect H2 and CH4 with a TDX-01
column (2 m length×3 mm I.D.) and to detect C2H2+C2H4,
C2H6 and C3H8+C3H6 with a Hevy Seep DB column. The
concentrations of CH4, C2H2+C2H4, C2H6 and C3H8 hydro-
carbons were evaluated using the external standard analysis
method.

The reactor weight (the sum weights of the quartz tube
and the inner stainless electrode) was measured using an an-
alytic balance (Mettler Toledo AL204). Carbon weight was
determined as the difference between the reactor weights be-
fore and after the plasma reaction.

The evaluation of system performance, i.e. methane con-
version and selectivity are formulated using the following
equations:

XCH4(%) =
(F in

CH4
−F out ·Cout

CH4
)

F in
CH4

×100% (E1)

where, F in
CH4

and F out (mL/min) represent the flow rate of
CH4 at the inlet of the reactor and the flow rate of effluent
gas at the outlet of the reactor, respectively; Cout

CH4
represents

the molar fraction of CH4 in the effluent gas, as indicated by
GC.

The selectivities to H2 (SH2) and hydrocarbons (SCxHy
)

are calculated from the following equations:

SCxHy
(%) =

X ·F out ·Cout
CxHy

F in
CH4

·XCH4

×100% (E2)

SH2(%) =
0.5 ·F out ·Cout

H2

F in
CH4

·XCH4

×100% (E3)

here, x and y represent carbon-atom number and hydrogen-
atom number, respectively, in a resulting hydrocarbon
molecule; Cout

CH4
and Cout

CxHy
represent the molar fractions of

H2 and hydrocarbons in the effluent gas, respectively, as indi-
cated by GC.

The carbon deposition has an important role in the carbon
balance. The carbon selectivity is defined as the following
equation:

SC(%) =
D m

12×moles of CH4 converted
×100% (E4)

where D m (g) is the difference between the reactor weights
before and after the plasma reaction.
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Carbon balance is defined as the following equation, in
which t (min) is the reaction time.

BC(%) =
F out · t · (x ·Cout

CxHy
+Cout

CH4
)×100 + 316581 · D m

F in
CH4

· t
(E5)

The residence time (s) were calculated as follows:

τ =
0.06×3.14 ·d(r+D)L

F in
CH4

(E6)

here, d (mm) is the discharge gap, r (mm) is the inner diameter
of quartz tube, D (mm) is the outer diameter of internal stain-
less steel electrode, and L (mm) is the length of the external
electrode.

The specific energy input (SEI, kJ/L) in this study is
defined as the total input power (Pinput, W) divided by the
total feed flow rate (F in

CH4
, mL/min).

SEI =
60×Pinput

F in
CH4

(E7)

3. Results and discussion

3.1. Ef fect of residence time

The residence time was shown to be an important factor
for a gas-phase reaction. Its influence on the conversion of
methane and products selectivities was studied by changing
the flow rate of methane. Figure 2 shows the conversion of
methane and products selectivities as a function of residence
time. The conversion of methane rapidly increased from
9.63% to 20.31% as the residence time increased. This rapid
conversion occurred because during the DBD plasma process,
the first step is the dissociation of the molecular species by
electron collision, followed by the chemical reaction, initiated
by the ionic and excited atomic or molecular species, which
results in the synthesis of the desired species [19−21]. When
the residence time of the reaction was prolonged, the prob-
ability of the effective collision between methane and other
energetic radicals increased. Because of the micro-reactor ge-
ometry used in this experiment, the residence time was 4.11 s
at a flow rate of 20.24 mL/min and 1.39 s at a flow rate of
59.75 mL/min. The SEI also increased from 25.75 kJ/mol to
72.33 kJ/mol with increasing residence time. This meant the
average input energy per CH4 molecule increased with in-
creasing residence time which, in turn, increased the conver-
sion of CH4.

Figure 2 shows that the products selectivities changed
with residence time in various ways. The selectivities of C2H6
and C2H2+C2H4 slightly changed from 48.79% to 44.81%
and from 15.54% to 11.20%, respectively, as the residence
time increased from 1.39 s to 4.11 s, while the selectivity of
C3 hydrocarbons slightly changed from 11.89% to 16.69%.
The trends implied that C3 was generated primarily by the
coupling of C1 and C2 species. In the case of longer resi-
dence time, more neutral molecules were activated to C1 and

C2 radicals, which were available for coupling to C3 species,
increasing C3 selectivity. C3 formation may be shown as fol-
lows (R1−R4):

Propane formation:

C2H5 ·+CH3· −→ C3H8 (R1)

C2H5 ·+CH4 −→ C3H8 + H· (R2)

Propylene formation:

C2H4 + CH2· −→ C3H6 (R3)

C2H3 ·+CH4 −→ C3H6 + H· (R4)

Figure 2. Effect of residence time on the conversion of CH4 and prod-
ucts selectivities. Reaction conditions: input power = 25.0 W, discharge
gap = 0.9 mm and external electrode length = 100.0 mm

3.2. Ef fect of input power

Figure 3 shows the effects of input power on the con-
version of CH4, applied voltage and current, SEI, prod-
ucts selectivities and carbon balance at a feed flow rate of
20.00±0.20 mL/min. The applied voltage and applied cur-
rent increased from 6.6 kV to 8.0 kV and 1.7 A to 2.3 A, re-
spectively, with an increase in input power from 10.4 W to
25.6 W, while SEI increased from 31.04 kJ/L to 76.27 kJ/L.
These results indicated that the applied electric field was en-
hanced and the average input energy per methane molecule
increased by increasing the input power. The conversion of
methane rapidly increased from 7.46% to 20.52%. This result
demonstrated that the input power had a powerful and posi-
tive effect on the conversion of methane. Increasing the input
power to 30.4 W, however, methane conversion changed very
little because of the highest applied current and voltage, which
can destroy the reactor and made the plasma process unstable.
At the input power of 30.4 W, the selectivity to carbon was
9.00%, which has a bad effect on plasma process.
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Figure 3. Effect of input power on (a) the conversion of CH4, SEI, applied
voltage, and applied current, and (b) the products selectivities. Reaction con-
ditions: residence time ∼ 4.1 s, discharge gap = 0.9 mm and the external elec-
trode length = 100.0 mm

In this experiment, C2H6 was the primary product, and
C2H6 selectivity was approximately 46%. Based on thermo-
dynamic calculations, the minimum energy requirements for
the formation of ethylene and ethane were 202.59 kJ/mol and
67.53 kJ/mol, respectively, which means that more energy is
required for the formation of ethylene than that for ethane
[22]. In micro-DBD plasma used in this study, the energy per
pulse was less than 1.3 mJ, and ethane was the major C2 prod-
uct because of short period (<52 µs) and low current pulses.
The primary reaction processes for forming ethane are illus-
trated in Reactions R5 and R6.

CH3 ·+CH3· −→ C2H6 (R5)

CH4 + CH3· −→ C2H6 + H· (R6)

The selectivity to C3 changed from 12.63% to 17.76%
when the input power increased from 10.4 W to 25.6 W (Fig-
ure 3b). This phenomenon was the result of the dominant pro-
duction of propane in the radical-radical reaction. In higher

applied electric field, more C2H6 and CH4 molecules were
activated to C2H5· and CH3·, which contributed to the forma-
tion of propane.

3.3. Ef fect of external electrode length

The effect of external electrode length on the conversion
of methane and products selectivities for a given residence
time is illustrated in Figure 4. The applied current and volt-
age decreased with increasing external electrode length, al-
though the “breakdown” voltage changed very little at a con-
stant input power. When the external electrode length was in-
creased from 100 mm to 200 mm, the conversion of methane
decreased from 20.28% to 13.03% (Figure 4).

Figure 4. Effect of external electrode length on the conversion of CH4 and
products selectivities. Reaction conditions: input power = 25.0 W, discharge
gap = 0.9 mm, residence time ∼ 4.1 s

This finding resulted from the fact that in a DBD reac-
tor, more than half of the electrical energy is spent on heating
the dielectric barrier [23]. In this experiment, the barrier vol-
ume increased from 2.13 cm3 to 4.27 cm3 when the external
electrode length was increased from 100.0 mm to 200.0 mm,
resulting in more energy being needed to heat the dielectric
barrier for the same input power level. The surface area of
the reactor increased from 24.49 cm2 to 48.98 cm2, increas-
ing the radiator surfaces and dissipating more heat as well.
Simultaneously, the applied voltage decreased from 8.0 kV to
6.5 kV and the current decreased from 2.3 A to 1.3 A. The ap-
plied electric field intensity decreased from 8.89 kV/mm to
7.22 kV/mm. These results indicated that the effective energy
for plasma reaction decreased and the applied electric field
became weaker, decreasing the conversion of methane. Addi-
tionally, in this experiment, SEI decreased from 75.89 kJ/L
to 37.02 kJ/L, indicating that the average input energy per
methane molecule decreased, which further contributed to a
decrease of methane conversion.

To eliminate the influence of SEI on the conversion
of methane, in the following experiment, we investigated
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the effect of external electrode length on the conversion of
methane at a fixed SEI (76.50±0.50 kJ/L). The conversion
of CH4 and products selectivities are shown in Figure 5. As
the external electrode length was increased from 80.0 mm to
140.0 mm, the residence time increased from 3.34 s to 5.81 s.
In general, for a given input power, longer residence time re-
sulted in higher conversion of methane. However, in this ex-
periment, the conversion of methane peaked at 100.0 mm and
changed very little as the external electrode length was in-
creased to 140.0 mm. The reason for this behavior was that as
mentioned before, the barrier volume and the radiator surfaces
increased with increasing external electrode length. More en-
ergy was needed to heat the dielectric barrier. For example,
with an external electrode length of 140.0 mm (barrier vol-
ume of 2.99 cm3), the applied voltage and current were 7.0 kV
and 2.0 A. With an external electrode length of 100 mm (bar-
rier volume of 2.13 cm3), the applied voltage and current were
8.0 kV and 2.3 A. The applied voltage and current for an ex-
ternal electrode length of 140 mm was weaker than that for
an external electrode length of 100 mm, which had a nega-
tive effect on methane conversion. The conversion of methane
reached a maximum of 20.34%, corresponding to an external
electrode length of 100.0 mm, and did not change as the ex-
ternal electrode length was increased beyond 100.0 mm.

Figure 5. Effect of external electrode length on the conversion of CH4 and
products selectivities. Reaction conditions: input power = 25.0 W and dis-
charge gap = 0.9 mm

From Figures 4 and 5, we determined that the external
electrode length was not a significant contributing factor in
the determination of products selectivities; C2H6 selectivity
was approximately 46%, C2H2+C2H4 selectivity was approx-
imately 12% and C3H8 selectivity was approximately 17%.

3.4. Ef fect of discharge gap

Figure 6 shows the characteristics of the conversion of
methane in a DBD plasma reactor at various discharge gaps.
The discharge gap of 0.4 mm and 0.9 mm was investigated in

this experiment. In order to compare our micro-DBD reactor
with the conventional DBD for the conversion of methane, the
conventional DBD with a discharge gap of 1.9 mm was also
investigated.

Figure 6. Effect of discharge gap on the conversion of CH4 and products
selectivities. Reaction conditions: input power = 25.0 W, residence time ∼

4.1 s and external electrode length = 100.0 mm

It is known that DBD is characterized by a diffuse dis-
charge at atmospheric pressure and is also characterized by
many micro-discharge channels. The number of micro-
discharge channels is proportional to the voltage applied to
the electrodes [14]. In this experiment, the applied voltage and
current remained nearly constant at 8.0 kV and 2.2 A for the
discharge gap of 0.4 mm, 0.9 mm and 1.9 mm. Consequently,
the number of micro-discharges did not change significantly.
However, SEI was 149.2 kJ/L, 75.9 kJ/L and 44.4 kJ/L, which
had a positive effect on the conversion of methane. In this ex-
periment, the conversion of methane was 25.10%, 20.01% and
13.76% at a discharge gap of 0.4 mm, 0.9 mm and 1.9 mm.

In the following experiments, the influence of discharge
gap was investigated for the case of a feed flow rate of
20.00±0.20 mL/min and input power of 25.0 W (the SEI re-
mained constant at 76.40±0.40 kJ/L). The applied voltage and
current did not change significantly. At a discharge gap of
0.4 mm, 0.9 mm and 1.9 mm, the conversion of methane was
20.22%, 20.30% and 15.80%, respectively (Figure 7). These
results indicated that the conversion of methane was higher
when the discharge gap was less than 1 mm. Although the
longest residence time (6.94 s) coincided with a discharge gap
of 1.9 mm, the conversion of methane was the lowest. This
fact was the result of low plasma density and applied elec-
tric field intensity, leading to the decrease in conversion of
methane. The products selectivities in the experiment did not
show apparent change (Figure 7).

The selectivity to C was investigated for the case of a res-
idence time of 4.1 s (Figure 6) and for the case of a feed flow
rate of 20.00 mL/min (Figure 7). For both case the selectivity
to C in a conventional DBD reactor was the highest. In fact,
the carbon deposition reduces the number of discharge stream-
ers and limits the number of energetic electrons that interact
with the feed gases in the reaction zone, thereby lowering
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Figure 7. Effect of discharge gap on the conversion of CH4 and products se-
lectivities. Reaction conditions: input power = 25.0 W and external electrode
length = 100.0 mm

the conversion of methane. While in a micro-DBD reactor, the
density of hydrogen radicals was higher for the case of a small
discharge gap, which resulted from the increased conversion
of methane and the smaller discharge space. The hydrogen
radicals played an essential role in the removal of undesired
carbon deposits (R7, R8) [7]. So the selectivity to C was lower
and the conversion of methane was higher in a micro-DBD re-
actor.

C(s)+ H· = CH· (R7)

CH(s)+ H· = CH2· (R8)

It is noteworthy that the energy consumption for convert-
ing methane was 10.6 MJ/mol, 8.5 MJ/mol and 8.4 MJ/mol
for the discharge gap of 1.9 mm, 0.9 mm and 0.4mm, respec-
tively. It meant that the energy consumption for converting
methane was higher in a conventional DBD reactor than that
in a micro-DBD reactor.

Interestingly, the wall temperature was 448 K, 463 K and
523 K for the discharge gaps of 0.4 mm, 0.9 mm and 1.9 mm,
respectively (25.0 W). In this experiment, the input power was
held constant, but during the plasma reaction, the wall temper-
ature value was lower for a smaller discharge gap. This im-
plied that more energy was used for the plasma reaction and
less for heating the reactor and heat loss. Due to low temper-
ature and small discharge gap, the amount of energy that was
wasted was reduced, and the heat transfer performance and
plasma reaction stability were improved. Therefore, the en-
ergy for methane conversion reaction increased, and the con-
version of methane was higher for a small discharge gap.

3.5. Correlations between system variables

Nonlinear multiple regression analysis was used to ana-
lyze the data in this study. The data regression over system
variables to correlate methane conversion and C2 or C3 selec-
tivity has been done by the following model equations. SPSS
12.0 software was used for the data regression.

XCH4 = α+α1x1 +α2x2 +α3x3 +α4x4 +α11x
2
11 +α22x

2
22 +α33x

2
33 +α44x

2
44+

α12x1x2 +α13x1x3 +α14x1x4 +α23x2x3 +α24x2x4 +α34x3x4
(E8)

SC2H6 = β +β1x1 +β2x2 +β3x3 +β4x4 +β11x
2
11 +β22x

2
22 +β33x

2
33 +β44x

2
44+

β12x1x2 +β13x1x3 +β14x1x4 +β23x2x3 +β24x2x4 +β34x3x4
(E9)

SC3 = γ +γ1x1 +γ2x2 +γ3x3 +γ4x4 +γ11x
2
11 +γ22x

2
22 +γ33x

2
33 +γ44x

2
44+

γ12x1x2 +γ13x1x3 +γ14x1x4 +γ23x2x3 +γ24x2x4 +γ34x3x4
(E10)

here, XCH4 , SC2H6 , SC3 , x1, x2, x3 and x4 are the conversion
of methane, ethane selectivity, C3 selectivity, discharge gap,
residence time, external electrode length and input power, re-
spectively; the terms αijxixj , βijxixj and γijxixj represent
the correlation effects between two variables xi and xj in the
model. The three sets of model parameters were obtained to
correlate the conversion of methane and products selectivities.
The calculated model parameters are given in Table 1.

SPSS 12.0 software was also used for the correlativity

analysis between XCH4 , SC2H6 , SC3 and x1, x2, x3, x4. The
calculated data have been given in Table 2.

Table 2 shows that discharge gap had a negative effect
on the conversion of methane, while residence time and input
power had a significantly positive effect on the conversion of
methane. This result can also be explained by Table 1 (α1<0,
α2 and α4>0). The interactions between discharge gap, res-
idence time and input power had positive effects on the con-
version of methane (α12, α14>0).

Table 1. Calculated values for parameters in model Equations (8)–(10)

α α1 α2 α3 α4 α11 α22 α33 α44 α12 α13 α14 α23 α24 α34

10.20 −36.01 5.12 −0.17 2.05 3.68 −0.43 0.0001 −0.04 0.69 0.10 0.28 −0.01 0.04 −0.004

β β1 β2 β3 β4 β11 β22 β33 β44 β12 β13 β14 β23 β24 β34

12.74 60.06 −13.08 0.20 1.90 −4.36 0.73 −0.001 −0.08 −4.02 −0.21 −0.38 0.05 0.30 0.004

γ γ1 γ2 γ3 γ4 γ11 γ22 γ33 γ44 γ12 γ13 γ14 γ23 γ24 γ34

−71.19 95.84 0.95 0.59 0.48 3.15 1.10 −0.001 −0.02 −5.91 −0.40 −1.79 −0.07 0.29 0.01



882 Baowei Wang et al./ Journal of Energy Chemistry Vol. 22 No. 6 2013

Residence time had a significant effect on C3 selectivity
(Table 2). Generally, the large residence time encouraged C3
formation (γ2>0). However, the residence time had a nega-
tive effect on C2H6 selectivity (Table 2). The interaction be-
tween discharge gap, residence time, input power, and exter-
nal electrode length also had negative effects on C2H6 forma-
tion (β12<0, β13<0, β14<0).

Table 2. Correlativity analysis between XCH4 , SC2H6 , SC3
and x1, x2, x3, x4

x1 x2 x3 x4

XCH4 −0.549a +0.573a −0.258 +0.606a

SC2H6 +0.318 −0.207 +0.247 −0.232
SC3 +0.024 +0.412b +0.324 −0.193

a x has a very significant effect on XCH4 , SC2H6 and SC3 ; b x has
a marked effect on XCH4 , SC2H6 and SC3 ; “−” have a negative
effect; “+” have an positive effect

MatLab 2011 software was used for constraint optimiza-
tion for the correlation of Equation (8), subject to studied vari-
ables, which calculated the maximum value for the conversion
of methane to be approximately 36.50%, corresponding to a
discharge gap of 0.4 mm, a residence time of 4.00 s, an exter-
nal electrode length of 100 mm and an input power of 27.7 W.
Both the experimental results and predicted values implied
that a small discharge gap and a long residence time encour-
aged the conversion of methane.

Applying the same procedure to Equations (10) and (11),
the maximum value of 58.9% was calculated for C2H6 selec-
tivity, corresponding to a discharge gap of 0.9 mm, a residence
time of 1.00 s, an external electrode length of 100 mm and an
input power of 13.79 W. Similarly, the calculated maximum
value of 25% for C3 selectivity corresponded to a discharge
gap of 0.9 mm, a residence time of 2.08 s, an external elec-
trode length of 200 mm and an input power of 30 W. This
can be argued that for C2 and C3 hydrocarbons production
we need fine adjusting to the system variables.

4. Conclusions

The newly developed non-thermal micro-DBD reactor en-
abled a single-step, selective synthesis of higher hydrocar-
bons at low temperatures. The micro-DBD reactor has great
promise for direct synthesis of higher hydrocarbons from
methane. The conversion of methane was higher with mi-
croplasma than that with conventional DBD reactor. The input
power had a positive and significant effect on the conversion
of CH4 but a weak effect on product selectivity. C2 selectivity
decreased smoothly as the residence time was increased. C3
selectivity increased and C selectivity decreased as the dis-
charge gap was decreased. A longer residence time had a pos-
itive effect on C3 formation. Moreover, the stability of the
reaction was improved with the use of a micro-reactor due to
the lower temperature.

The regression analysis revealed that the input power and
residence time had positive effects on the conversion of CH4,
but larger discharge gap had negative effects. The residence
time had a significant effect on C3 selectivity. The interactions
between the discharge gap, residence time, and input power
had positive effects on the conversion of CH4, but had nega-
tive effects on C2H6 selectivity.
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