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Abstract — The direct synthesis of C, chemical directly from methane was studied by employing catalysts with ordered
mesopores in a dielectric barrier discharge plasma reactor. The reaction was carried out using MgO/OMA (ordered mes-
oporous alumina), MgO/y-Al,O; and MgO/a-Al,O; as catalysts. When MgO/OMA was applied, it showed excellent
performance in the plasma reactor using pulse-type power supply and the selectivity of C, chemicals was measured as 67%.
The effects of metal oxide type, textural property of support, alumina phase and power supply type on catalytic perfor-
mance were investigated especially in terms of C, chemical formation. BET (Brunauer, Emmett, Teller), X-ray diffraction,
transmission electron microscope and thermogravimetric analysis were used to investigate the characterization of the

catalyst before and after the reaction.
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Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Waveform of (A) the voltage and (B) the charge-voltage plot in AC power supply (peak voltage : 15 kV). Waveform of (C) the voltage
and (D) the (voltage:current)-time plot in pulse power supply (peak voltage : 15 kV).
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Table 1. BET surface area, average pore diameter and total pore volume 20
of supports and 3 wt% MgO supported catalysts calcinated
at 600 °C
Catalyst BET su;faf:le area Average pore Total por}e V_(])lume 10+
(m™=g™) diameter (nm) (em”-g™) s
OMA 275 6.98 0.611 X
v-ALO; 153 8.75 0.452 g 0
a-ALO; 7.71 52.24 0.048 8
MgO/OMA 201 6.89 0.366 S 10
10}
MgO/y-AlLO; 142 8.79 0.434 oyt —bouer .
MgO/a-AlL,O; 8.14 48.20 0.052 Fe2050/y-Al20; 557
2 MgO/y-Al,03 47.5
-20 L L n n
-2 -1 0 1 2
100 100

Charge (1C)

Fig. 7. Waveform of the charge-voltage plot in AC power supply (Tem-
perature : room temperature, pressure : 1 atm, T-O-S : 3 hr, feed

gas : CH, 20 scem/N, 20 scem, AC voltage : 15 KV, frequency : 1
kHz).
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Fig. 6. Effect of metal oxide-supported y-Al,O; catalysts on CH,
conversion and selectivity in DBD plasma reactor (Temperature

: room temperature, pressure : 1 atm, T-O-S : 3 hr, feed gas : g 60 60 g

CH, 20 sccm/N, 20 scem, AC voltage : 15 kV, frequency : 1 kHz). g >

-g é
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e Agkg 9 A= A E T 2po] 7F hA] Skt FeO4y-

Fig. 8. Effects of blank, alumina, and alumina-supported MgO cat-
alysts on CH, conversion and selectivity in AC DBD plasma

_ Zul= A x SR Bl E . reactor (Temperature : room temperature, pressure : 1 atm,
Al203_9r Mg?/y ALO; 5 0C, st : Y ALO; T-O-S : 3 hr, feed gas : CH, 20 sccm/N, 20 scem, AC voltage :
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Fig. 10. Effect of blank, alumina, and alumina-supported MgO cata-
lysts on CH, conversion and selectivity in pulse DBD plasma
reactor (Temperature : room temperature, pressure : 1 atm,
T-O-S : 9 hr, feed gas : CH, 20 sccm/N, 20 sccm, Pulse volt-
age : 15 kV, frequency : 1 kHz).

Table 2. Discharge power of MgO/y-Al,05; and MgO/o.-Al,O5 catalysts
in pulse DBD plasma reactor (Temperature : room temperature,
pressure : 1 atm, T-O-S : 9 hr, feed gas : CH, 20 scem / N, 20
sccm, Pulse voltage : 15 kV, frequency : 1 kHz)

Catalysts Power (W)
MgO/OMA 5.22
MgO/y-ALO; 2.03
MgO/a-ALO; 2.52
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