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Development of oxidation ‘system for hydrogen off-gas from fuel cells

OAyaka KOYANO, Ryouji KURIYAMA, Shinji KAMBARA, Kazuhito KUMABE,
~ Hiroshi MORITOMI(Gifu University) ' '

SYNOPSIS

The removal device of hydrogen in off-gas from fuel cells is desired to be safely processed. In the present research,

simulated off-gas mixed with hydrogen, oxygen, and nitrogen gases was directly removed in an intermittent dielectric barrier
discharge (DBD). A hydrogen oxidation rate of approximately 100% was obtained at a consume power of 1.2 kW for a gas
temperature of 80°C. However, nitrogen oxide (NO) was formed as by-products when oxygen concentration in the model gas
was increased. NO formation during hydrogen oxidation was investigated. It found that NO was not formed under high

equivalence ratio. Their reaction mechanism was elucidated by elementary reaction simulation of H/N/O systems.
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Fig.1 Experimental setup of the DBD reactor.

Table 1 Experimental conditions.

Condition I I
Voltage, V, [kV] 30 30
Frequency, Ry [kHz] 10 10
Discharped Power, P [kW] 0.47-0.52 0.47-0.52
Gas Temperature °cl 25-80 25-80
Total gas flow rate( N, balance ) [2/min] 8 8
Residence time [s] 0.28-0.33 0.28-0.33

H, concentration [vol%] 2 2

0O, concentration [vol%] 1 20,2.0,1.0,05
Equivalence ratio, ¢ -] 1 0.05,0.5,1.0,2.0
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Fig.2 Fundamental characteristics of hydrogen oxidation.
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Fig.3 Effect of equivalence ratio in experiment.

4.  RBUSERNT
4.1 FRULREFHEFE

FEVVIKERRLE NO AR - THBRRICBE 3 2 #EE /A
R Z <AThTnd, ZZ T, AFEBRbic
WT LI bOAZ=X5 Y NO £/ - HEIZOWT
Glarborg D A A =X5 9, & LTDBD NTAEKT S
O; DESR V&M TA A CRISENT 21T o 72, &
Bk, WADERGHBTN Y 7 b0 =T Thd
CHEMKIN-PRO #{/H L7, H,O,N T P A /LD EE
&, Penetrante H NZ LD G-Value (100eV BH7= iz
AT DI VANOBENC L VIR L,
42 MRUTREE

Fig4 IZ Fy=8 t/min. P=900 W. T,=500CiZ$(7}
DY BT D KRB E K UYNO N0 £ E

DOEERT, NO. N,O DERIZOWTERER
(Fig3) FHERBRIIR LB 2R T Z LB bhoTs,
BEMITIC L > T, FERRIGA T = A LEFHRD
ELLT DFERUSH NON,O DERRICEETHD Z &
BHELMNE o T,

N+0, = NO+O )
0; +NO — NO, + 0, @)
NO,+N — N,0+0 3)

HEEARWES . BERREHK THHH.(Q)
KD 0,307 < 72D NO DERMNIHI SN,
FIEFE 03 DER BB TH7H, (). Q)RIcLD
NO bRl SN B LB,

100 1 700
~ _—\// 600
S oso | ~——— Hydrogen comversion [%] |: T
= \ - « = = NO concentration [ppm] ] B B
E ——N,0 concentration [ppm] 500 o
& - ] o d
o0 Fp=8¥min {400 g -§
g P=900W BB
51 . = ° .
: 7 _ T,=5007C | 400 § 8
§ 40 PR g g
E ] T g 8
g 200 6 Q
20 1 s

. 100

e 0
0 0.5 1 1.5 2

Equivalence ratio [-]

Fig.4 Effect of equivalence ratio in simulation.
5. ®a »

RREFEMm S 7 A<t L rKkFBRLOFEH %
Hy/OyN, BEH A& VT, £OfRER. KR
TORBBIENRFETHD Z L Rghote, Ei,
BRI E R TIEIOKREERES N L NOx 4R
BREMET Uiz, KBBIEA =X 5, NO ERRA L
ZRAb, TS UBEA I = AL ERBEDEDB L
XY, DUEDOBRREHRAT LI LN TEE,

WEE ABTIETMEE NS BT IR B - &
SR E R CTiThhic, ZZC#EERT 5,

BEICEK

1) JHES,#R R, BB ATH,SFE, AABEFS
5%, 50,136-144 (2008).

2) S. Kambara, R. Kuriyama, T. Osakabe, K.Yukimura,
Int.J Hydrogen Energy, 33, 6792-6799 (2008).

3)J. Li, Z. Zhao, AXKazakov.,, F. Dryer,
Int .J.Chem .Kinetics, 36, 566-575 (2004).

4) P. Glarborg, M. U. Alzueta, K. Dsm-Johansen, J. A.
Miller: Combust Flame 115 (1998 ).

5) A. M. Starik and N. S. Titova, Technical Physics, 46,
929-940 (2001).

6) Penetrante, B. M., Non-Thermal Plasma Techniques
for Pollution Control, Springer-Verlag, berlin GDR,
65-89(1993).

—423—




