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Abstract :
by an atmospheric non-equilibrium plasma is a promising technique for the off-gas treatment. In the present research,

The removal of hydrogen in the off-gas from fuel cells in a safe manner is desirable. Hydrogen oxidation

characteristics of NOx formation in hydrogen oxidation by the pulsed plasma were investigated to determine an optimum
oxidation condition in H2/O2/N> gas mixture. The applied voltage, repetition rate, gas flow rate, and equivalence ratio were
varied. NOx concentrations generally increased with an increase in the energy density and with a decrease in the equivalence
ratio. To understand the reaction mechanism of NOx formation in hydrogen oxidation, a reaction kinetic study was carried
out. The chemistry was resolved into separate contributions from radiolysis processes and gas phase reactions. N radical
generated by electron impact reactions in the pulsed plasma and molecular oxygen play an important role for NOx formation
(N + O2 — NO + O). At high equivalence ratios, NOx level was strongly reduced by gas phase reaction of N + NO — N; +
O. It was found that the equivalence ratio was the most dominant factor to control NOx concentration in hydrogen oxidation
by the pulsed plasma. An energy efficiency of 0.26 g-H»/J and a NOx emission of 5 ppm was attained at an equivalence ratio
of 2.0.
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Gas residence time* [sec] 0.27 - 0.80 0.40
High voltage | Gas_ outlet |\
electrode Equivalence ratio, ¢ [-] 1.0 2.0,1.0,0.5,0.25,0.05
Gas inlet Voltage , V, [kV] 25,30, 32 30
Gas blender — Grounded | Repetition rate, Rz [kHz] 7, 10, 15 10
L Discharge power, P [W] 260 - 770 430 - 520
‘ MFC? | MFC? | MFC? “Standard conditions for temperature of 293K and pressure of 0.1 MPa

1: Intermittent one-cycle sinusoidal output

2: Mass flow controller

3: Gas chromatography with a thermal
conductivity detector
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Fig.1 Experimental setup for hydrogen oxidation by atmospheric non-

equilibrium plasma.
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Fig.2  Variation in NOx concentration, H> concentration, Oz concentration, and gas temperature at reactor exit for various conditions: (a)-(b); effect of
flow rate, (b)-(c); effect of applied voltage, (b)-(d); effect of repetition rate, (b)-(e)-(f); effect of equivalence ratio.
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Fig.3 Behavior of NOx concentration and O> concentration during
hydrogen oxidation by the pulsed plasma.
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Fig.5 Influence of energy density on NOx concentration and hydrogen

conversion at a fixed equivalence ratio.
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Table 2 Dominant reactions of NOx formation in hydrogen oxidation
by pulsed plasma. k= AT -exp(— E4/RT). In electron impact

reactions, 7'is electron temperature.

No. Reaction A s E, Ref.
Electron impact reactions
Rl  e+H,—»H+H+e 1.02E+16 0 119940  [26]
R2 e+0,—0+0+e 2.72E+11 0.9 51069  [11]
R3 e+tN, > N+N+e 4.30E+14 0 130521 estimate
Hydrogen oxidation
R4 H+0,+M=HO,+M 2.10E+18 5] 0 [13]
RS HO, + H=OH + OH 2.50E+14 0 1900 [13]
R6 HO, + OH=H,0 + O, 5.00E+13 0 1000 [13]
R7 H+OH+M=H,0+M 7.50E+23 -2.6 0 [13]
R8 H, + OH=H,0 + H 1.20E+09 1.3 3630  [13]
NO formation
R9 N+0,=NO+0 6.40E+09 1 3000 [21]
R1I0  NO,+N=NO +NO 1.00E+12 0 0 [21]
RI1  NO,+0=NO+0, 3.90E+12 0 8000  [21]
NO, formation
RI2Z  NO +HO,=NO,+OH 2.10E+12 0 -480 [21]
RI13  NO+O+M=NO,+M 7.50E+19 -1.41 0 [21]
N,O formation
R14  NO,+N=N,0+0 8.40E+11 0 0 [21]
NO and N,O decomposition
RIS N+NO=N+O 3.30E+12 0.3 1000 [21]
RI6 N,O+e=N,+0O 1.20E+15 0 0 [28]
i Hydrogen oxidation ~=--====--=-=---=---==----------ooo-ooooon i
1 +e i
[ |
e

o 5 o

l +N (at high ¢) O,

[n P = no

+N

+HO,

-- NO, formation and reduction

Fig.9 Areaction flow diagram of NOx formation in hydrogen oxidation
by pulsed plasma.

NOx BEEIEEC 2%, YEIPE( L L, NIFUANLE
NO D i R15 233CHLIIC 72 D, NO 1 No ICHAH# L, NOx
TREEIHEC 22 % (Fig.8).

N2O 1%, NO DL THEL 72 NO, 2L TN 7P A1
E DG R14 THEIRT 23, BRIBEOETICEDE>T
NO B X U NOz IREEDNHRA T % 72, No0 DR S P
1% (Fig.8).

5. ¥&

Ho/O2/Ny IRE T A DKFZEE KRIE T 7 X< CTlgfb L 7=
RF D NOx D) % 7, AKFEIRE 2.0 vol% —ED D
&, A AYE (4— 12 L/min), HINERE 25 —32kV), AW
B (7— 15 kHz), 4RI (0.05—2.0) 22{LEETT I X~
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St 0 NOx IS 2 @ L 7=,

A AVE, HNMEE, RSO, 2L X—%E
E, TRHliCZ 2. E, 23 < 7 % 12241TC NOx IREZIFHES
PATIEA L 72h3, E, = 5.8 Jem® DA ETIRAMAIRD 234 &
N, LipL E, 12X > T NOx % TorIc{&iid 5 2 &
FTE ol iRk ¢ 13 NOx IBIEICKE 2% )
IEL, ¢=2.0 DK, NOx REEIL 5 ppm (I C & 7.

HTEERIG, A4 VREESOE, PR ROG, KER
LRI, NOx Ak « MRS % Z I L 72 276 KD FEIEH>
BRBLRIGETVEMEL, 77 XAvieREKIGHRET
W & ) AKRFE#LE L O NOx RO KGR % Z5 L 7,
REIRIAHE, NOx HEE X O NoO IREE D FHHE R & HER
FEFEM A —3 L 7. NOx D EL KISk, 77 X
CTCHEBLIEN 7PV E O LOKIETHD, ¢ B/
WIEE NOx IRIZIRFEC %%, ¢ =20 DiF, N 7ZALE
NO DT & 5T NO IF Ny ICHE#T 2 728, NOx JRIEE
MEL 2 2 Edshhotk,

INohs, EHORRET 7 A< GERDOETTE W
TE, RIG#HN O Y=L E TR 2, 340525
LB TIHEAT AN E B 5 LD TE S,
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