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Hydrogen Oxidation in H2/O/Ny Gas Mixture
by Intermittent Dielectric Barrier Discharge at an Atmospheric Pressure
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The removal of hydrogen in off-gas from fuel cells is desired to be safely processed. In the present research,
simulated molecular hydrogen gas mixed with oxygen and nitrogen gases is directly removed in an intermittent
dielectric barrier discharge (DBD). It is found that hydrogen is oxidized even in a temperature lower than
100 °C. A hydrogen conversion rate of approximately 100% (98.8%) is obtained at a consumed power of 1.23kW
for a gas temperature of 80 °C. The oxidation mechanism of hydrogen is investigated using chemical kinetics for

19 elementary reactions,
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Fig. 1 Experimental setup of the DBD reactor.
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Fig. 2 Waveform of voltage of the OCS, (N, = 4 £/min, Vpp =
25 kV, UT\=Rz =10 kHz, T, = 10 ps).
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Table 1  Experimental conditions

Condition V,,,, [kV] Ry [kHz} P [kW]
1 17.5, 30, 37.5 7,10, 15 005-123
30 2.1-78 02
30 4.7-144 03
I 30, 325,35 74-336 06
30 159-496 0.9
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Fig.3 Fundamental characteristics of hydrogen oxidation in
direct treatment by the DBD.
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Fig. 4 Effect of gas temperature on hydrogen conversion rate
for various Ry settings at ¥y, = 30.0 kV.
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Fig. 5 Effect of applied voltage on hydrogen conversion rate at
different gas temperatures at Ry = 15 kHz.
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Fig. 6 Hydrogen conversion rate at different gas temperatures as
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a function of the discharge power.
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Table 2 Hydrogen combustion mechanism of Li et al.
[17] in the form k= AT" exp(— EIRD. Units are

cm, moles, s, cal, and K.

No, Reaction A n L
R1 H40;=0+ OH 3.547%10" -0.406 16599
R2 O+ Hy=H+ OH 0.508x10" 267 6290
R3 Ho+ OH = H,0 + H 0.216x10% 1.51 3430
R4 O+ H0=08+ 0H 2.970%10% 2.02 13400
RS Hyt M=H + H+M 4.577710" -1.40 104380
R6 0+ 0+M=0;+M 6.465x10" -0.50 0
R7 O+ H 4 M=0H+ M 4.714%10" -1.00 0
R8 H A4 OH + M= H,0 + M 3.800%10% -2.00 0
R9 H 4 0; + M=HO; + M’ ko 1475x10" 0.60 o
ka 6.366510% 2172 5248
R10 HO, + H=H, + 0, 1.660x10" 0.0 823
R11 HO; + H=0OH + OH 70795107 0.0 295
RI12 HO, + 0 =0; + OH 0.325x10" 0.0 0
RI13 HOp + OH = 1,0 + 0, 2.890x10" 00 497
R14 HO; + HO; = H,0; + 0 4.200x10" 0.0 11982
HO; + HO; = H0; + 0, 1.300%10" 0.0 16293
RIS Hy0; + M=0OH + OH + M ke 2951:10" 0.0 48430
ko 1202x10" 0.0 45500
R16 H;0; + H=H,0 + OH 0241 x10" 0.0 3970
R17 H;0; + H=H0; + H, 0.482x10" 0.0 7950
RIS Hy0; + O = OH + HO, 9.550%10% 2.0 3970
R19 Hy02 + OH = HO; + H0 1 0nox10" 0.0 0
H0; + OH = HO; + H;0 5800510 0.0 9557

" ‘Third body enhancement factors : Hy = 2.5, H;0 = 12.
* Third body enhancement factors - My = 2, H;O =11, O;= 78, Troe parameter. 0.8
“ ‘Third body enhancement factors : Hy = 2.5, HyO = 11; Troe parameter: 0.5
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Fig. 7 Contribution of fraction of H- and O-radicals to hydrogen
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conversion rate at the gas temperature of 60 °C. (a:
fraction of H-radical, #:fraction of O-radical).
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Fig. 8 A reaction flow diagram for O radical in hydrogen
oxidation at{]] =0.3 at the gas temperature of 60 "C.
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