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Abstract: NaYzeolite was modified by different amount of Cu, Ce and La via ion exchange. NO, removal efficiency on modified NaY zeolites in the system
of dielectric barrier discharge plasma assisted catalytic decomposition with the presence of excess oxygen were investigated. Results show that Cu is the
main active component for NO, decomposition. When the discharge voltage was 10 kV and the discharge power was 7.6 W, NO conversion rate on 8% Cu-
NaY was 46.3%. No NO, was detected and only 11 ppm N, O was produced. Ce can improve the catalytic activity of Cu-NaY effectively. When the
discharge voltage was 7.8 kV and the discharge power was 3.6 W, NO, conversion rate on 5% Ce-8% Cu-NaY was 67.3%. La can also increase the
catalytic activity, but NO, conversion rate on different amount of Lamodified Cu-NaY catalyst was very similar.

Keywords: plasma; NO, decomposition; NaY; excess oxygen
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AR IR S5 2 1K (NTP) FRTE BTG B
Py ab 3 rp 328 8 51 8 AT ) EE AL ( Chen et al. ,2002;
Kogelschatz. , 2003 ) , JUH 45 25 4 3 [ i 16 50 5t
% NO, ( Akira, 2013 ; Moscosa-Santillan et al., 2008
Wang et al.,2013).5 Tl % F B SCR A+ AR AH
Ll AV S5 5 R I [ e Ak IO s B ARS8 o ZE R IR R
HEAT RN, 7252 Bz A7 2 B rp Jo 7 R AT K
FH, AT LA 8 AR AE AT 9%, HLAF B T 0K D3 (] 4
53 it R TG 7 YR 2 45 30 SR ) AN A7 0 s 55
oz B s [T 3 ] DAl /0 2 8 b T AR, T A A
F52BR Tl . Rajanikanth 45 (2001 ) 2R F AL O,
BaTiO, Fl1AL,0,-Pd 3 FiiEALFIBFFE T 7E NTP P [
b5 225 NO, S5 R AL BaTio, A1 411
NO S fie e AR S bR Tolk S, W O, F7 78, 1l
1% NO Zrf e RE M= W Bt A IR KT %

BT, AR SOk F NaY 40 1 0 4 b 8k 791 25
&, Lk Cu,Ce Fll La YERIEMELL S, 5 NaY 43 F i it
17 B F 2 B ARG M4 43 & R AN TR A AR ). TR B
XFH T AN R AR T 78 & SRR T 45 88 7 Ik P ) i
k5% NO PERE , DA & B #4F NO, 7 PEReny
AL 7).

2 57 7% (Material and methods)

2.1 ERAMH

PR IF R A AL 5 T 42 72 B9 NaY 43 T 0
(Si/Al=5.3) 1 i Ak 550 SR 4 53 i 0F B85 0 4
PEHX 40 ~60 H UKL, I B 1K e e i, 110 CHt
T SR IG1E Dy B b 550 CREBeiEAE 3 h A5 .

BT R et AW 10 ¢ L7
NaY 43T it A — & B Cu(NO, ) W 1 i
40 CIZKIE TP E 728 24 h JH 258 F/K R,
16110 °C F T4 12 h, B #1145 59 1L 738 N
6% Cu-NaY . H4 b 34 il 45 i 4 A6 R0, A — 5 it 1)
Ce(NO,) 8 La( NO, ) i W 1, TEAH [ HAE 2
HEAT R B 28 4 K il A5 A AL R v % Ce-x%
Cu-NaY 8¥ y%La-x% Cu-NaY. Z J5 F 22 B F /K kit ,
P T A RIFE 2 S R ,400 CH5EE 4 h.
2.2 EALH M RIS

SCEGREALAY NO/O,/N, i Sh A FL <R S5 il =
AL ST B E AN 1 BT R, SR 8 300
mL-min~", )W 2534 6000 h™", 37 A9 NO MR JE K
0.05% ,0,°H 3% ,N,AE RV <0< NO, (NO Fi
NO,) ¥ FE i KM9106 {8 # =X 25 & i < 53 B {X

(Kane) Wl 15, N, O ¥ B 1 7F £k Jit 135 ( Extrel CMS,
LLC, MAX300-LG ) &, %5 &5 7 & 4= g I A CTP-
2000P 45 25 F RS2 5 L YR (R 0 2 T A BR A
A]) /R PEA A DS1000E I 7R i1 25 (b5t 35 J5okS F
BHEARAFA).
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Fig.1 Flow chart of experimental system

SN A R ) T it 5 bR A S5 BHL 4% 755 H 2
5 RHSME R 10 mm {9 A7 9245 [ 8 IR RN 28, 5
JEHL R 3 mm Hi 4%, 76 A 9 AN AR T VR I
JE AR A RSt R v 5 O AR 8.9 kHz, iR
T L, IS [ LR R NO, Y A3 i3 2.
NO FAb 3 n FIF IR P BYE SR
|: Nox J inlet _[ NOX :I outlet
n= NOT. x100% (1)
P=fxSxC (2)
T, INO, T [ NO, 1 7331 3 i HNO, R
(ppm) ;f MTCEMR AN 8.9kHz; S A Z=EHanAl
TR C, A 2 BUER 0.47 F.

3 R 51Fi8 (Results and discussion)

3.1 Cu B NaY % F 1 x¢ /it 58 1 66 00 % v
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IR B AS PR T SE B R

SCERWFGE T Cu 8N 3% 5% 8% \16% 1 7
B AR NaY 23T %t NO /iR, 45 R an i
2 R N AT DA Y 45 B 1 IR0 F i RS R FE
X NO, it I A T 2 5 ) Bl 5 % PR P R
FITR AN, 25 B ALY NO S AR e K5
RN VA e N N IR N = R 2 A e A =
I, 3 SO 3 i, 4 RCH L R 10 kY R D R
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Fig.2 Effect of different Cu content on catalyst activity
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AL TEPEZH 3 (Valyon et al., 1993 ; FHME K45 2011).
M FI Cu & ik 8% I, 8% Cu-NaY #EAL 1 1%
AR BHLHL R 10 KV, IR 7.6 W B,
NO, AR ik 46.3%.H 3 N il 480 NO S fff
TEAEALSRITE PE 7 b4 N AL O, 1 O FIiG PE 4
Cu™ 254 B Cu S84kl Cu® RIS NO 55 FEI By
AT B S U N IE L NO, B NOS , Z )
AR NO, LA NO Al O, FE AR, K Cu™ iF 5
A Cu* (Wang et al.,1997) . ML F H Cu & &k
16%I ,NO, 4 46 B B AKX T+ 8% Cu-NaY, NO, ¥4 1k
FHA 12.5% , XAl fig 2T Cu & it KIFREM
FRAEAL S 2 FLAE 35 28, S SO AL TS M T B (R
HITAE,2004) .
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Fig.3  Analysis of NO, catalytic decomposition products of different Cu contents (a.3%Cu-NaY ;b.5%Cu-NaY ;¢.8%Cu-NaY )
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R UE YR EAR T 10 kV B,
F NO Bk B2 3 i /. 2 L Ry 12 kV B, 5%
Cu-NaY F1 8% Cu-NaY AL L, t 11 NO # B 2
i1 T 3 AT B A B R R AL 25 A R, R
A N JEF AR L W R O, AR B 1R & A
FITC N : N+0,(ads) —NO+O (ads ) , {5 15 W B 7 4
AR A O—O BRSPS N+0O (ads) —
NO #EA T, T30 NO A 1. 535 W B 7 48 Ak 350 25 1 1Y)
NO FE55 B T RVE T &A= Wi BtV 1 i o e
NO He B34 hin ( FAELAE 2009 ) . 78 B A Fz o i 2
AR AL O R NO, A AR R > MR T
50 ppm.

N,O VBN RV H) =B/ =9, M B R /NF 10
kV iF, AAAE 5 HE TR N, O W KT 40 ppm, (H
UL L TR A 12 kV B}, 3% Cu-NaY |, 5% Cu-NaY |
8%Cu-NaY 3 P L, 1 1 N, O ¥ B 430l i
F|7 220.,185,1072 ppm.iX A] AE S F Ay 24 %5 8 Tk
i E R B A RS FETC RV e +N, —>N+N+e 358,
AR FPAEAER NO Fl NO, & 2E W : N+NO—N, 0,
N+NO,—N,0+0 , {15 N, 0 Az il 2 s 1 K ( 3k
£5,2009) , £ & T HESH NO B
3.2 Ce/Cu F M NaY 2F 1 At it 25 M ik 69 5 iy

SO AR A 35 M AR S ), L2 5 e Ak
T2 TR R BRI e SECRELI ™, 1F 9% 26 B, 4R 25 s B
RREZE At AR 22 10T, (A5 05 T 57 P24 PRI , 520 NO, 76
A 1) 2 T 1 PR SR i o A (PNBIL A 2009 5 4R L
4,2005) . Winter ( 1971) 5% 3 J1 2 0F 5% 45 i, NO
O3l LN R — 2 I T AR JBE RS NO 43 fige S
R Y B BRH Ce 38H 5 AL, T Ce B
BN A, ARG B A RE, fE S 5 O mi
T B — A8 00 A ) S0 3 R RBG BF 178 3 P 7, DT
PEE NO, 43 P B8 (Zhu er al., 2005 ; R 9T 4%
2005).

SLH R AN B 2= 1Y Ce(NO,) IF S 8% Cu-
NaY AL AT R B T35 4, #4145 Ce 75 it AN W]
B, SEI0 45 AN 4 . Ce B95] A B 4R
TR A T AL TG M, 2 /T
10 kV B, %415 NO, 5546 R AE 30% ~ 70% Z 1],
Eb Cu-NaY £k 70 4 Ab 16 1 AR K4 TH.3% Ce-8%
Cu-NaY ALK FEHL Rl 6.8 kV 1, NO, $: L3Rk
B KAH 56.1%. 5% Ce-8% Cu-NaY 4 % i W1k 2k
R BEAE TR L RS Y EE R NO, e A0 3R S 1S TR T2 8
IN YR EL RN 7.8 KV, TR N 3.6 W B, NO_#%

fE2RIK 67.3% MRIEE 3 = e Hr nl 0, 24
HLHE R T 10 kV IF, SO P4 Th i N, O ¥R 25 Regk
BT ATRE A NO, A U A R S, 75 NO, 43
fiff R AR
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Fig.4 Effect of different Ce/Cu content on catalyst activity

W% Ce MACHEIE— 1IN, NO, e fb ik —
8 /N.20% Ce-8% Cu-NaY HEALFIAE L EHN 7.8 kV
i, NO #64bR B 34.7% , e /N T AR 644 F 5%
Ce-8%Cu-NaY LAY NO, e fb K. x E LA N
2 Ce B F AL EIG L5 Cu 1Y
EFEAR, (EA5 AL TS PR AR, T B B Ce B A,
A MR DE=REVAC 5NN R i | R e 2
& (Zhu et al. 2005 ; K F 1.5 ,2005) .

[’ 5 HANIF Ce/Cu fh 2k i NO, 43 i 7= ) 53
Br KB ] LUE 1 S 50H /N T 10 kV OB,
AL BN H 1T NO P il 4 5 R R 38 %8
W, HR A 5 NO, Fi N, O i /b /N F 43
ppm, W FE L NO 43 A 3 AH S i H R R T
10 kV B, 45 25 (A i B 0l R i A 0 e B M e
G, (A5 S R 28 F 8 N R R o i A 7] 2 i A
0, & B, 45 W H T NO N, O & B3 2 il 43
i, B E R T HE R NO MR
3.3 La/Cu %M NaY 4 0 3¢ 55 1 66 89 %

La Fll Ce A #s +70FK, H Ce™ Ml La’ AY¢1%
AR AL, 4 5 24 0.101 1 0.103 nm (£} %E 42 45,
2011) ,La #2445 Cu-NaY #1541 E Y
WA Ce MIBAARAMML, XFELE 5 FIIE 4 0] LLE
2 E/NT 10 kV I NO, 5 AL ZRERTE 30% ~
60% , 5 A A 351 14 e A2 1) S 1z i, R AN [
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Analysis of NO, catalytic decomposition products of different Ce/Cu contents (a.3% Ce-8% Cu-NaY ; b.5% Ce-8% Cu-NaY ; ¢.20% Ce-8% Cu-
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Fig.6 Effect of different La/Cu content on catalyst activity
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B, La/Cu 8T 38 #4400 76 55 25 IR E T 2 %2
LA NO, iR 3, OV AR NO, FIEN, O 34/ F
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Fig.7 Analysis of NO, catalytic decomposition products of different La/Cu contents ( a.3% La-8% Cu-NaY ;b.5% La-8% Cu-NaY ; ¢.20% La-8% Cu-
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4 2518 ( Conclusions)

1) Cu 52 NO AL fif 1 32 2806 PR 4H 43, % T
8% Cu-NaY AL, 7B B 10 KV, i U)o
7.6 W BT, NO 54k 33k 46.3% , H LU 17 ¥k
Pk N,0 AR A 11 ppm, i H3EA NO, A K.

2) Ce IR LA 85046 v A5 A AR P %oF
T 5%Ce-8%Cu-NaY AT, S L HLE N 7.8 kV,
%K 3.6 W, NO FE LIk 67.3% 1024 Ce HYE
ot i R, 2 (A3 A7) b 06 PR 4143 Cu 1Y R
1%, 3 A AR T P IR
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