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Preparation of acetylene and syngas
by the atmospheric pressure spark discharge of methane
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Abstract: The direct conversion of methane to acetylene and the indirect conversion of mathane to syngas were
studied by using the atmospheric pressure spark discharge, and with the in-situ diagnosis of optical emission
spectroscopy. The results were compared with the dielectric barrier discharge. Results show that, the spark
discharge, having remarkable advantage of high energy efficiency, was able to easily activate the methane
molecules into species such as C, H and C,. C,H, was formed as a major hydrocarbon product when methane
was fed alone, while the syngas was formed with adjustable H,/CO ratio when CO, and O, were co-fed with
methane. It is worth of mention that, the addition of O, overcame completely the troublesome problem of reactor
coking during the spark discharge of CH, and CO,, the production of syngas was allowed to be carried out at a
temperature as low as 225 C. Therefore, the new syngas preparation method is very attractive comparing with
the traditional catalytic routes.
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Figure 1 Schematic illustration of the experimental process and

plasma reactor for the atmospheric pressure spark discharge
1. optical emission spectroscopy; 2: plasma reactor;

3. digital oscilloscope; 4: gas chromatograph
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Figure 2 Optical emission spectra of

2

CH, plasma of different discharges
a. spark discharge, exposure time: 5 ms;
b: dielectric barrier discharge, exposure time: 1 000 ms
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Table 1 Energy efficiency and product distribution of CH, discharge

) CH, Product selectivity s/ %
Discharge
CEE/(mmol-kWh™) C,Hg C,H, CH, CH; CyHg C,H,, C,Hg CsH,),
CH, DBD 95.0 47.53 2.20 2.34 23.86 0.85 12.19 2.32 8.71
CH, spark 905.3 0.36 3.60 95.80 - 0.24 - - -
CH,/He spark 936.9 1.22 4.88 93.37 0.07 0.46 - - -
CH,/ Ar spark 1101.3 0.45 4.79 94.51 - 0.25 - - -
CH, /N, spark 580.8 0.12 3.36 96.52 - - - - -
CH,/H, spark 1034.1 0.94 5.28 93.17 0.10 0.51 - - -

CH, feed: 10 mL/min; He/Ar/N,/H, feed: 10 mL/min; discharge frequency: 9.0 kHz; sampling time: 5 min
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Figure 3  Effect of discharge mode on the
optical emission spectra of CO, plasma
a. spark discharge, exposure time: 5 ms;

b: dielectric barrier discharge, exposure time: 1 000 ms
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Table 2 Comparison of CH,-CO,-0, spark discharge with dielectric barrier discharge( DBD) for syngas preparation

CH (¢0) Product selectivity s/ %
Discharge mode ! ’ YR H,/CO
conversion x/ % conversion x/ % (60) C,H, C,H, CH,
DBD 30.3 0.2 86.0 13.5 0.3 0.2 0.3
Spark 61.7 32.4 86.3 1.3 2.1 10.3 1.0

CH, : 20 mL/min, CO, : 12.38 mL/min, O,: 10 mL/min; discharge frequency: 9.0 kHz; input power: 28 W
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