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Conversion of Methane by Dielectric-barrier Discharge Plasma Method
—Comparison with Microwave Plasma Method—
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Methane conversion by the dielectric-barrier discharge plasma method (DBD) was compared with our previous
findings for the microwave plasma method (MW). The power (Pw), initial pressure (Po) and flow rate (F) affect
the collisions between electrons and molecules, so the dissociated radical species may change. Changing the Pw
resulted in methane conversion (Xcn,) of DBD as high as 9.6% at 44 W, but much lower than the Xcn, of MW
(93.8%). Ethane was the main product (60%) of DBD. Propane, methylpropane and butane were also pro-
duced. Therefore, DBD promoted homologation. Acetylene was the main product (90%) of MW. Therefore,
MW promoted dehydrogenation. Changing the Py resulted in lower Xcy, of DBD than Xcy, of MW. Propane
selectivity was increased with higher Py, and butane was produced at 101.4 kPa in DBD. Acetylene was the
main product irrespective of Poin MW. Changing the F resulted in lower Xcy, of DBD.  Xcn, of MW increased
until 0.8 mmol/min and remained constant after 1.26 mmol/min. However, changing the Fy showed no effect on
product selectivity. Therefore, methane conversion may be caused by the pulse-plasma effect under pressure.
The conversion of ethane, ethylene and ethane/hydrogen was investigated to clarify the reaction mechanism of the
methane conversion by DBD. Methane, acetylene, propane and butane were produced irrespective of the starting
gases. Ethylene was produced from starting ethane. Ethane was produced from starting ethylene. The pro-
cess of methane decomposition is considered to occur as follows. Firstly, methane converts to ethane.
Secondly, ethane converts to propane. Finally, butane is produced from coupling of CH3 and C3H; obtained from
propane, and butane is produced from coupling of C;Hs. In contrast, dehydrogenation is slightly promoted.
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Fig. 2 Detail of the Dielectric-barrier Discharge Reactor
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Fig. 3 Schematic Diagram of the Experimental Apparatus of the
Microwave Plasma Method
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Fig. 4 Comparison of Methane Conversion between DBD and MW
at Various Powers
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Comparison of Product Carbon Selectivity between DBD and MW at Various Powers

Carbon selectivity [%]

Method  Power [W]

acetylene ethylene ethane propane methylpropane  butane  others
DBD 9 9.5 12.8 62.6 15.1 0.0 0.0 —
16 7.1 7.8 58.0 18.9 0.0 7.8 —
24 5.8 59 58.7 21.5 0.0 7.7 —
33 5.1 49 57.3 22.5 2.0 7.8 —
44 49 45 57.1 23.7 2.1 7.3 —
MW 10 41.9 31.9 25.5 0.3 — — 0.3
30 66.5 214 10.7 0.3 — — 1.0
50 90.2 6.3 2.4 0.2 — — 0.9
100 92.9 4.2 1.2 0.3 — — 0.3
150 95.1 29 0.6 0.3 — — 1.0
200 95.9 25 0.5 0.2 — — 0.9
250 95.2 2.4 0.4 0.2 — — 0.8
300 84.8 22 0.2 0.2 — — 12.6
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Fig. 5 Comparison of Methane Conversion between DBD and MW
at Various Pressures

147

DBD T 101.4kPa ®—%, MW T23~45kPa & L, Kt
Xew, R DBV Pw Tiro /2o A7 VHGTHEERZILE TS 2
LT, AY USSR BT AR T 5, TNL YR
JEH COET & 5T OEEMROEALe K % #ifs 5 F T

WZAY NG FHIDNDOZINF—REN R R L EEZD

N, REET 29N MVENEDLDL TSNS,

Fig. 612 * % Vi E (F) & Xew, DRz RT, F72,
Z DD PCS % Table 312774, Fig. 6L 1), DBD Tlt Fy®d
R Xep, 7522.2% 2 50 L7z, Tk, KUGH %@

BT DML 072 L THF LAY Vo OmER KA
WAL, 13FH)~NDITENVF—figErmd L2720 L

EZONbe —F, MW TiL, FyOHRIZHE Xeg, i3T5
WZHEIN L, 0.80 mmol/min L ED Fy TlRIFIZT—F L o720 b
TR Xen, DEEIE A & 2 155 FH72 ) ~OLF ) F —fitfGm
Pz 7o7edEEZ b, 2O RIVF—HHREOHINER
X FoDBRE &S IZETAM L 7272 DM T A L, A
& UG % BT LR R 2720 THDLEE R b,
F72, Xep, KNI % 5 D1, 0.80 mmol/min Yl ETO 15T
%7‘:@ DIFINF—HIBEEOWMATIZIEZSIIAY VRIS S

K5 ThwIeERNEZLNS,
nmms;b,DBDfifb_;%flﬁyﬁS%uL%ﬁb
bo FoOBRIZPWZy UA%bFhIc#inL, 7ousy, X
FIVT TN DA LTz TIUISSS % il § 5 FE 2555 <
LolzZ EIZX ) ETF LAERY L OEEMERIWD LIzT-0
LY h o OFRIOGETE T, Ta N AR
CHs b L7z7-deEZ2 6%, —Ji, MW Tl 1.26 mmol/
min LETTHF L V25 9El % 5% %, Fy7¥1.26 mmol/min
FTTEFLVEMINL, 20®BIEBIE-EL RS, T2 Fy
OB F A W EDORA DA L7z TIUE 15 F 7
DANOZANF—MHENIEML -0 EEZ LN 5,
1.26 mmol/min £ TO T £ F L Y OWHNL, Fol ¥ 5 Xew, D
WIMOBEREF U 15TH72 0 ~O I3V F— G A0 L
72 X BABAKRERSOMITO0EEZ S5ND,
DEnZ Xy, FOEIZXDET E5TOWHLEMHERD
ZALR 1 FBH72 ) ~ND I3 F —fEiG R DT Xep, 1213 HE
T HDPCS I RITTHBIIV T W groTz,

3.2. GRIEKFTORE

DBD (& MW (2 Xep, 29K <, FAEBEWIEL Y > THY
ZOEPICLTUNY TYUPERTLEV)HFELD S,

Table 2 Comparison of Product Carbon Selectivity between DBD and MW at Various Initial Pressures

Initial pressure

Carbon selectivity [%]

Method

[kPa] acetylene ethylene ethane propane methylpropane  butane  others

DBD 12 40.6 239 355 0.0 0.0 0.0 —
30 14.6 15.8 50.3 19.3 0.0 0.0 —

40 7.1 8.1 59.9 249 0.0 0.0 —

70 6.8 6.6 59.9 26.3 0.0 0.0 —

101 4.9 45 57.1 23.7 2.1 7.3 —

MW 4.5 95.9 2.5 0.5 0.9 — — 0.9
6.5 95.4 22 0.3 2.0 — — 2.0

8.0 96.5 2.4 0.3 0.7 — — 0.7

8.5 97.4 1.6 0.2 0.8 — — 0.8
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Fig. 6 Comparison of Methane Conversion between DBD and MW
at Various Flow Rates
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Fig. 7 Relationship between Supplied Power and Ethane
Conversion, Product Carbon Selectivity (C,He system)

Table 3 Comparison of Product Carbon Selectivity between DBD and MW at Various Flow Rates

Carbon selectivity [%]

Method  Flow rate [mmol/min]

acetylene ethylene ethane propane methylpropane  butane  others
DBD 0.26 44 33 54.2 252 45 7.5 —
0.52 3.6 3.0 55.3 25.6 4.0 7.7 —
1.04 3.8 33 55.3 25.1 3.7 8.1 —
1.56 4.8 4.0 54.3 23.5 4.0 8.6 —
2.08 49 4.5 57.1 23.7 2.1 7.3 —
MW 0.41 75.4 2.8 2.4 0.0 — — 19.4
0.80 88.9 23 1.6 2.8 — — 44
1.26 92.9 25 0.9 0.3 — — 34
1.60 94.7 2.3 0.6 0.3 — — 2.1
2.08 95.9 2.5 0.5 0.2 — — 0.9
2.46 96.8 2.1 0.5 0.2 — — 0.4
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Fig. 10 Assumed Reaction Scheme Diagram of Microwave Plasma
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Fig. 11 Assumed Reaction Scheme Diagram of DBD Reaction
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