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Interactions of Dielectric Barrier Discharge Plasmas with NO or
NO/O; Adsorbed on CuZSM-5
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Abstract: In order to understand the synergistic effects between dielectric barrier discharge (DBD) plasmas and
catalysts, the interactions between DBD and NO or NO/O, saturated CuZSM-5 have been studied by adsorption and
temperature programmed desorption (TPD) techniques. The results demonstrated that NO adsorbed on the CuZSM-5
surface and NO, species adsorbed on Cu active sites could be partly desorbed by DBD plasmas. Nitrogen oxides could
be formed by plasma-induced surface reactions. A small amount of N,O and O, could be formed in the NO/N, system,
and a significant amount of NO, (N,O, NO,, and NO) was generated in the NO/O,/N, system by interactions between
DBD plasmas and NO or NO/O, adsorbed CuZSM-5. NO, removal over CuZSM-5 was tested by means of CuZSM-5
with or without plasma-pretreatment. After CuZSM-5, which had showed lower activity, was pretreated by N, flow or
DBD plasmas, NO, conversions in NO/N, were 30.3% and 46.7%, respectively. The corresponding NO, conversion
over fresh CuZSM-5 catalyst was 39.2% in NO/N,. A comparison of TPD profiles of NO and O, over CuZSM-5 with or
without plasma-pretreatment reveled that the key of the enhancement of NO, conversion on CuZSM-5 was the removal
of NO, species present at Cu site by plasma-pretreating CuZSM-5.
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AN EEAE . R — Bk, Miessner 6% B
£ NO/O,/N, {4 Z2 v, A [t B $4 5 v B #24E A F
NH.ZSM-5 {4k 7], 7 A= U [0, £ &5 T NO,f i
B, 7255 B TIRVER T NHLZSM-5 43 fff i NH, &
72 A I R 508 Y S48 . Park 25091 Co,0,/CuZSM-
5 AL L X, B IR 5 T NO 20X,
HATTIA A AR TR0 F 2 A0, Bl 25 8 IR AA
AL T NO. FATELIZE DL 0, FI N, A JFERA, &
PAE 350 CLA @ik 10 A5, o) A A D)
AL IE AL W CuZSM-5 F T B 8-l 7 77 A=, FRIA
R A AR PR AR R NSRS A 7 T B
1k O, A . “— Bk o s 55 B R A AL 75
FHEAERMRNRRZ, b T 55 8 Ao ik Ak 5
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TR BB 5 I A T 700 2 i 1) SR AR B R 55 | &
FHALS L, X CuZSM-5 HALFI A — 2 115 Ak
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Fig.1 NO, conversion over CuZSM-5 by different
experimental processes
reaction conditions: Cu(165)ZSM-5, 5.3x107 (¢) NO in N,, GHSV
12000 h™', 450 C; (i) fresh CuZSM-5; (ii) after (i), NO, conversion over
CuZSM-5 in O,/NO/N, at 450 C; (iii) after (ii), pretreating CuZSM-5
in 30 mL-min™' N, for 30 min at 450 C; (iv) after (iii), pretreating
CuZSM-5 in N, plasma for 10 min at 250 C
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TEHEN B NO, PR RE 1, R fb Ak R FE
2 250 C, 78 N, S 2055 2 1A b 2R Ak 5]
10 min f5, FEFHEZE 450 C, il A NO/N, JZ v <,
NO, FEAL KK 546.7%, # 1 B EECuZSM-5#4L 7 1Y
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FIFH & GRS LR T NS B IR i 2 59
Filr. 22 BLAlNLEE 2 TR T 45 2 T 1A 5 CuZSM-5
AL — Bk AR R T N, B IR R B
&, TR R WL B AR [F] N, A 55 1B R 0%, X
CI1(v" )~ B " EAT. — AR N, 155 —IE4 2
FH HL Rl AR Y, M BB T N, Al kAR
RV (1) —(4)), 7= A= N 5 R T (Enh 51 & S

) e P HL - B )™,
e+N,—Ny(C*I1,)+e (E4=11.050eV) (1)
e+N,—Ny(B*1)+e (E;=7.931eV) (2
e+N,—Ny(A"3)+e (E;=6.224¢eV) (3)

e+Ny(A 3N CIT)+e  (Eq=4.9 eV) (4)
A AL SR, X EE N, 1) 15 REARL TR0 HL 7 REIBE BFH
AT ZR I Cu TE PRI NO, b, [FIE & BE
T AT HEMAS Cu IS, DT A R s k.
2.2 EBEFESIEMENFIRE RN

#%% T NOIN, }2 O/NO/N, MifkZ1E CuZSM-5
AR g 2 T RS S I % 4 s AR | & AR
K. 1E 250 THF NO/N, 5] A% 450 CTEAL 2 h
i) CuZSM-5 fitfb i, Wkt 1 h )5, 76 N, Hs 8h 5%
BT AR 2 W, 25K 3 FR. T
FIXt NO WL BRI, W BT 4 NO W EEARAIC, SR )5
BN, 30 min ZE47 A E A, NLO ¥R 78 T

the second positive band

Emission signal
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1 1 1 1
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Fig.2 Emission spectra of N, in DBD plasmas
reaction conditions: =50 Hz, U=16 kV, 360 mL*min™ N,, 250 C;
a) only N, plasma, b) N, plasma over CuZSM-5
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Fig.3 MS signal of adsorption and reaction profiles
during NO/N, adsorption over CuZSM-5 at 250 °C
reaction conditions: GHSV 12000 h™, 5.3x10™* NO in N,,
discharge power 2 W
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BBz
Fig.4 Adsorption and reaction profiles during
0,/NO/N, adsorption over CuZSM-5 at 25 °C
reaction conditions: 5.3x10™ NO and 5.8x10™* O, in N,
GHSV 12000 h™, discharge power 2 W
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Fig.5 NO-TPD profiles in flowing N, after NO
adsorption over CuZSM-5

without plasma: pretreating CuZSM-5 by 30 mL-min™ N, for 30 min

at 250 C; with plasma: pretreating CuZSM-5 by N, plasma for
10 min at 250 C
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Fig.6 Profiles of NO-TPD (a) and O,-TPD(b) in
flowing N, after NO/O, coadsorption over CuZSM-5
without plasma: pretreating CuZSM-5 by 30 mL-min™ N, for 30 min
at 250 C; with plasma: pretreating CuZSM-5 by N, plasma for
10 min at 250 C
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Wi [T, o507 A - A A, DT 2 s Ak R0 1 %
P AR TR R B 52 1 kR ), B T 45 A
52 A FH e A,

(2) FE FIRT 5] Kk FRMALFE RN () 55T
AT E 2B NO ) CuzZSM-5 k7], =24 i
N,O Fil O, % & FIRMEHE T NO 4 S o7 . 15 B ¢
TR Z 45 8 TR CuZSM-5 HEAL I Al 1 i —
2, BIAMENO. (i) 55 5 FAE T 2 L FNO Al
0, I CuZSM-5ME b 5, AT Az gl K a1 A 48 Ak

(N,O \NO, il NO). F&I7E &AM T 53 A n i
HEEYA

References
1 Durme, J. V.; Dewulf, J.; Leys,C.; Langenhove, H. V. Appl. Catal.
B, 2008, 78: 324
2 Carucci, J. R. H.; Arve, K.; Erdnen, K.; Murzin, D. Y.; Salmi, T.
Catal. Today, 2008, 133-135: 448
3 Hueso, J. L.; Cotrino, J.; Caballero, A.; Espinés, J. P.;
Gonzilez-Elipe, A. R. J. Catal., 2007, 247: 288
4 Li, J. H; Ke, R.; Li, W.; Hao, J. M. Catal. Today, 2007, 126: 272
5 Niu, J. H; Yang, X. F.; Zhu, A. M.; Shi, L. L.; Sun, Q.; Xu, Y.; Shi,
C. Catal. Commun., 2006, 7: 297
6 Ja, K.; Charles, P.; Janos, S. Catal. Lett., 2006, 109: 1
7 Kwak, J. H.; Szanyi, J.; Peden, C. H. F. Catal. Today, 2004, 89:
135
8 Dors, M.; Mizeraczyk, J. Catal. Today, 2004, 89: 127
9 Hammer, T.; Kappes, T.; Baldauf, M. Catal. Today, 2004, 89: 5
10 Mok, Y. S.; Koh, D. J.; Shin, D. N.; Kim, K. T. Fuel Process.
Technol., 2004, 86: 303
11 Chae, J. O. J. Electrostat., 2003, 57: 251
12 Mok, Y. S.; Ravi, V.; Kang, H. C.; Rajanikanth, B. S. I[EEE Trans.
Plasma Sci., 2003, 31: 157
13 Yoon, S.; Panov, A. G.; Tonkyn, R. G.; Ebeling, A. C.; Barlow, S.
E.; Balmer, M. L. Catal. Today, 2002, 72: 251
14 Miessner, H.; Francke, K. P.; Rudolph, R. Appl. Catal. B, 2002,
36: 53
15 Miessner, H.; Rudolph, R.; Francke, K. P. Chem. Commun., 1998:
2725
16 Roh, H. S.; Park, Y. K.; Park, S. E. Chem. Lett., 2000, 29: 578
17 Sun, Q.; Zhu, A. M.; Yang, X. F.; Niu, J. H.; Xu, Y.; Song, Z. M.;
Liu, J. Chem. Commun., 2003: 1418
18 Ganemim, B.; Bjornbom, E.; Paul, J. Appl. Catal. B, 1998, 17: 293
19 Vinogradov, I. P.; Wiesemann, K. Plasma Sources Sci. Technol.,
1997, 6: 307
20 Hideo, O. Photochemistry of small molecules. 1th ed. USA: John
Wiley & Sons. Inc., 1978: 521-600
21 Baulch, D. L.; Cox, R. A.; Hampson, R. F.; Kerr, J. A.; Troc, J.;
Watson, R. T. J. Phys. Chem. Ref. Data, 1980, 9: 295
22 Tsang, W.; Herron, J. T. J. Phys. Chem. Ref. Data, 1991, 20: 609
23  Wennberg, P. O.; Anderson, J. G.; Weisenstein, D. K. J. Geophys.
Res., 1994, 99: 18839
24 Wang, Z. Q.; Sklyarov, A. V.; Keulks, G. W. Catal. Today, 1997,
33: 291
25 Hadjiivanov, K.; Klissurski, D.; Ramis, G.; Busca, G. Appl. Catal.
B, 1996, 7: 251



