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Table 1 Conversion of NO and its products in dielectric barrier
discharge (DBD) plasmas with a.c. 50 Hz and

5 kHz frequencies

Pin Pou X Pou N Pout N
(NO (NO) (NO) (NOy (NO) (NO) (NO)
50 Hz 4.0x10™ 2.1x10™ 47% 3.05x10° 16% 1.07x10° 5.6%

5kHz 4.0x10™ 1.0x10®° 100% 1.84x10° 0.5% 5.60x107 0.1%

reaction conditions: 0.040% NO+N,, gas flow rate: 360 mL-min™ ,
GHSV=3000 h™, 5 kHz, U=12.5 kV; 50 Hz, U=16 kV
@i: inlet concentration, ¢,,: outlet concentration;

S(NO,) =@ou(NOL)/ (@i(NO) =@ NO))x100%,
S(NLO) =@ou(N:0)/(0i(NO) =00 NO))x 100%,
X(NO) =(¢i(NO)—@o(NO))/pi( NO)x100%

12.5 kV B}, NO Ml bR % JL-T-35 £ 100%, NO,.N,O
B A B B 2 ) R AT 0.5% A1 0.1%. IS 235 IR
Kb, BN NO (ALK, rhoai 22 B S 4
T A )40 41K, NO, A1 N,O Lt T
WU HEL e A A B S D A T 2 A T R T
Je W 7=, R R AR L SO X 5 AT EL 40 A
30.32 .44 F1 46 TEH HL TS F B Ui o AR fb ik A 7
T, L 2. fr AT DL, T AR AR &R R S
L6 30 18 85— Uii o BE 7RO 5 #0A T B 7E NO/N,
R Z i, Byt 30 A9+ vk H NO, 5% N,O
1 NO, ffi 5 0 Fr, Hosp NLO #l NO, A 4, 1
P ep S far A 30 10 B8 3 R 2 T BRI, 108 BH 5
bR 30 B9850 25 NO XF I, 5 A% He AR
Fb, AR I BT R 30 FR S IR R B T RS o
. g b 32,44 F1 46 Y S 13 0 4 ) %o
0,.N;O 1 NO,. 7EH I HL I, NO, F1 N,O 1) &+
Lo B LT A AR Ak, T A e B, A B, G
531 # NO, Al N,O Ik A AL LA 2 — 80w, 55
Ah, LE AL S LR #ROEL R T O, 1A AL, i HL
HOBRCH AR Y O, B 2. R N, Il R0k A
W N, 9 A B, 1HL FR S0 AR AT LAHE BT 7E NO/N,
TR Z i, AR I B R T B I o g A, B
Sy =W e e W11 = I w1073 e R S S 3 e R = e
AR 53 A T A 2 AR AU HA A AR ).
22 NREEMBEEETFELZHNEISEHHAR
A 5T BELF4 75 MO o R AR AR 0 ) o 1 4y BT 2R A
TETCEMR R, SRR AL A I8 3 = 538 1o 43 1 3,
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Fig.2 Mass spectra of NO/N, in DBD plasma
reaction conditions: 0.040%NO+Ns,, gas flow rate: 360 mL*
min™', GHSV=3000 h™, 5 kHz, U,=12.5 kV; 50 Hz, U,=16 kV
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Fig.3 Emission spectra of NO/N, in DBD plasma
reaction conditions: 0.040% NO+No, gas flow rate: 360
mL-min™, GHSV=3000 h™, 5 kHz, U, = 12.5 kV; 50 Hz,
U=16 kV
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HO R LR ZR o, HNAE T NO (A3, 0) —»NO(XI,
2-6) I KBTIk, Ha BEAT B AR, 2 D5 A ol
1A 2 HP 22 1 NO( ~100% )8 43+, 1R 2 b B A
DR NO, BT L NO(A-X) i % 28 38 5 A 6 F T80
JCHL B 55, {EZE FPOURC R TSR BB B NO 1 y Y
BRAT, i NO 765 & IR Fh i A Suh i &, X
PRk A NO 5 Ny(A) I RIEFE ™. 7£ 600~900 nm i
LN, BT — S R ik 2, 7R 88 A i
W, BEARSRE 5 NJ(C-B) NOA-X)FH LS. 51
AR LR B, AT HR AR R b D B TR P 1 1 R
B R TR R IR R PRI T 632,
674.5.715.5.742.751 Fl 761 nm X 75 553 k. Clay
SEUILE CHY/N, ST L 45 25 IR v B 5 2o 632,
674.5 Fl 715.5 nm X —55RELR, G ILIHIE A N R
TR RE. 742 nm FEAIRAE . RAE T FITEH
BRURCH R 28 A B, E AT A TSR R B
868.5 nm FELL AR Z O T, JE TR S AR
TG A N TR BRIEFE 600~900 nm
0 B P9l 2 AR (R R AR X R BT ) B T
25.1 eV, it = T N it BRaF Fr 75 22 1% BB & (14.54
eV), I FEA SE I 254 F, 25 IAH 600~900 nm

%2 NOIN, PR EE TP HRSHH
Table 2 Excited-state species in NO/N, DBD plasma

50 Hz 5 kHz
w ,NI is)c;\lilm (UI,\,IS,()A);)/?m N transitions A/nm @ ,I,\I;f,)c/\ljr)]m (1)1’\,18’()A)_\j(n)m N transitions A/nm
(0, 0) 337 (0, 1) 237 65'P1-3p'Sss 632 (0, 0) 337 (0, 2) 247.5 65" Ps>-3p"S3e 627.5
(0, 1) 357.5 (0, 2) 247.5 4d'P-3p'P’ 674 (0, 1) 357.5 (0, 3) 259 65'P-3p'Sie 632
(0, 2) 380.5 (0, 3) 259 — 715.5 (0, 2) 380.5 (0, 4) 271.5 4d'P-3p'P° 674
(0, 3) 406 (0, 4) 271.5 3p'S’-3s'P 742 (0, 3) 406 (0, 5) 285 3p'S’-3s'P 742
(0, 4) 434.5 (0, 5) 285 55°P-3p°D’ 751 (0, 4) 434.5 (0, 6) 296.5 — 715.5
(1, 0) 316 (0, 6) 296.5 — 761 (1, 0) 316 — 5s°P-3p°D’ 751
1, 2) 354 (1, 3) 244.5 — (1, 2) 354 — — 761
(1, 3) 375.5 (1, 4) 255.5 — (1, 3) 375.5 — 3p'D’-3s'P 868.5
(1, 4) 400 (1, 5) 267.5 — (1, 4) 400 — —
1, 5) 427 (1, 6) 280.5 — (1, 5) 427 — —
— (1, 7) 294.5 — (2,4) 371 — —
_ — — (2, 5) 394.5 — _
_ — — (2, 6) 420 - -

(3,7) 414 — —
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T2 N T 7RSS TR, JEE N, L
FN(A) R ASN 3155 L T4 AT A g H N1
(3 3 ' R1- R6). N(*S) W3 N 57, NCD)FI NCP)
N EFREFRES, 2090 i TS N T 2.38 eV
F1 3.58 eV. Cosby!"™, Walter 251\ A, N, Tl 25 fif hy
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2.3 NO/N,FENFRAHBEESFERRESR
NIRRT
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FIN PG PR R, W6 P b AR B A
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Table 3 Reactions and rate constants relevant to NO,

conversion in NO/N, DBD plasma

Chemical reaction k No. Ref.
;?;:NCSHC 2.0x10™ cm?molecule™+s” Rl [22, 23]
f\;gf;e 1.1x10™ cm?* molecule™ s R2  [22, 23]
2
N4 R3
NCS)+N(S)+e
e+N§ H. R4
NC'S)+NCD)+e
e+N,—
N('S)+NCP)+e RS
e+N,—
NCD)+NCD)+e R6
Egg:gzg{;ﬂ (6.5~7.8)x10™" cm?+ s R7  [24]
4
E&?NOH 3.1x10™" em® molecule™ s~ RS  [25]
2
8++?\ZMH 2.76x10° cm® molecule=+ s RO [22]

2
Egﬁ;MH 1.0x10° cm® molecule+s™ RI0 [22, 26]
2
2NO+0,—2NO, 1.4x10™* cm°+molecule™s™ RI11 [23,27]
E%:gﬁ 3.0x10™2 em® molecule™ -~ RI2 [22, 28]
2
I;léi)gMoH 6.2x10™ cm*molecule™ s RI3  [29]
2

;
E&?Noﬁ 7.0 x10™ cm?*-molecule™ 7 RI4  [14]

2 2

4
E(jz)gNoﬁ 9.1x10™ em® molecule™ s~ RI5  [14]
2

43.5 57, HABJLRMECR S N, 20 7 A R AR5 R B0
FEL0? s7LA 20 2595 5 e A F R SR S BRAE 5 FEARSE
55 NO/N, R ZHr, N, W J& NO 119 2.5x10° £, BLff
KR S0 T5 NO KA RN, Hos R B
T N, VIR R 3 MR . B UL 50
Br, FATIAH Ny(A23) Fl No(a ™ '30) vl BE & NO/N, 25
B RTINS NO JBEBREE R & N, 431

RHPEET N R SE A U TR R $
N JEFHIAFE, PR 2R EEAAAE NCS)FI NCD). Zhao
SERISLIS TR, No(a” '30) NCD)XT NO 46y
TRk AT DA ZE, HA FES N A Ny(A) X NO, 1
J S B A . FRATT A0 Ny(A) B 5 9 NO 43T 1
XK, FIFINIEL, NOWIB: % & ENO(A), (HIENOARE
E—2 Rk A R S N, NGEER3HFRY) PR, Lo
Fri3 1, NO B4 fif fe v F 2@ 2 3% 3 B RS, R 5
BB N R AL, TR b, e TuigEs) 1
/b NO, N,O B4 BY, F k6 3 1 R10-R12 2
Jof A . T AE RO AR R R, LT A AR AR NO,
A1 NLO. X A RS R T AU L ™= A2 1 N TR 2
DLy 4= ) NO, T4 Z i A 9 4% 4k 1Y NO %
SR XTNO, N O B B ZEAE I INL(A) K, A
T A5 T A e, o /0 B NO, NLO A= il HRAR i Ha,
o AR R T R BE Y No(A) A N -, fiff NO K
AR, T AW AL BINL(A) FINJE X+ NO, I
N,O A B T HI/E A (3 3 1 R13-R15).

3 & it

(1) FIH 50 Hz HL L HL ) NO/N, H1, NO Bk
N 47%:; R 5 kHz HLEH 9 NO/N, H, NO it
BRFE N 100%. AR LR, A R F NO BBikR, A4
AR =10 T AT B, AR FE R el e VR R A
AW O, Ak, NO Ml bk £ 2Rl i o iR 2.

(2) ) H 8T L Y L Y NO/N, (R R Hp, 25
AR S i H B Y N RT3 A BRATE i 2 AN /N
WREE Y NO B i) y W BRiE R TR Z W N
JEF T Ny(A).

(3) £ NO/N, {& 2, Aot Bl L 73 NO 1)
FEIGHEDFPRENCS), MNA), NCES)XTEI =8 NO,.
NLO F4) A RS 29 1 /E F.
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Optical Emission Spectroscopy Diagnosis on Decomposition of NO in NO/N, Mixtures in
Dielectric Barrier Discharge Plasma "

LIU, Jing NIU, Jin-Hai XU, Yong ZHU, Ai-Min SUN, Qi NIE, Long-Hui
(Laboratory of Plasma Physical Chemistry, Dalian University of Technology. Dalian 116024 )

Abstract The optical emission spectroscopy of NO/N;, in dielectric barrier discharge (DBD) plasmas using a. c.
with frequeucies of 50 Hz and 5 kHz has been studied at atmospheric pressure. Excited-state nitrogen atom was
detected at 632, 674.5, 715.5 and 742 nm. The concentrations of the mixtures were measured by using
chemilluminescence NO, analyzer and N,O infrared gas analyzer; the production of O, was also monitored by an
on-line mass spectrograph after the discharge. The reaction mechanism of the removal of NO in N, in DBD plasma

was discussed.

Keywords: Atmospheric pressure, Dielectric barrier discharge, Plasma, NO, Nitrogen atom,

Optical emission spectroscopy, MS
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