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Abstract : Methane, the major constituent of natural gas, had been converted to higher hydrocarbons by a microwave plasma. The yield
of C2+ product could be increased from 29.2% to 42.2% with increasing plasma power(40~120 watt) and decreasing flow rate(40~5 mL/min)
of methane. With catalysts, the selectivities of ethylene and acetylene increased while the yield of C2+ remaining constant. Among various
catalysts, Fe catalyst showed the highest ethylene selectivity of 30%. A natural gas could produce more C2+ than a pure methane. This is
due to high reactivity of ethane and propane in the natural gas.
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Fig. 1. Schematic diagram of the microwave plasma catalysis
system.
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Fig. 6. The effect of the flow rate and plasma power on the
selectivity.
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Fig. 7. C2+ productivity of methane according to various
catalysts(P = 5 torr, F. R =5 ml/min).
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Fig. 8. Comparison of ethylene selectivity on various
catalysts(P = 5 torr, F. R =5 ml/min).
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Fig, 9. Comparison of acetylene selectivity on various
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via microwave plasma.
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Table 1. Methane Conversion and Coking Phenomena in the
Microwave Plasma Reactor

Pressure  Flow Power Conversion .
(torr)  (ml/min) (W) (o ~ Catalysts  Coking
1 5 40 32.2 - not detectable
2 10 60 32 - not detectable
3 40 120 325 - light
5 20 80 203 KGC-3 light
5 20 120 16.3 KGC-3 heavy
5 20 80 354 KGC-5 not detectable
5 20 120 178 KGC-5 heavy
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Table 2. Comparison of Several Works for Microwave
Plasma Processes

Kawahara[6,7] Suib[10,11]  This work

Feedstock tested
Microwave radiation
Catalyst Without ~ With/Without With/Without
Operating conditions

CHy, CHs  CHy, CoHs CH,

Continucus  Continuous  Continuous

High 40 100 15
Pressure(Torr) _
Low 10 10 5
, , High 10 2% 4
Residence time(msec)
Low 1 10 1
. High 2000 80 120
Incident power(W) _
Low 500 40 40
Conversion %(CHy) 271~83 3~38 20~49
Selectivities
CH, feed
CoHe 45~89 0~24 0~34
CoHy 3~42 19~25 2~29
CsHs 1~7 40~77 8~T7
CO; - - 31~90(KGC-5)

Table 3. Comparison of the Plasma Reactions Between Meth-

ane and Natural Gas(plasma power : 80 W, F.R.:
20 ml/min, P : 5torr)

Components Productivity Products Selectivity(%)
o (%) Ethylene  Ethane Acethylene

Methane 333 21.8 477 305

Natural Gas 46 29.2 46.7 24.1
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