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Direct decomposition of nitrogen monoxide over copper ion- exchanged zeolite
catalysts
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Catalytic decomposition of nitrogen monoxide over copper ion-exchanged zeolile catalysts
has been investigated as a new method for removal of NO. The copper ion-exchanged ZSM-5
zeolite {Cu-Z3M-b) was the most active catalyst for NO decomposition. Repeated ion exchange of
the ZSM-5 zeolite using aqueous copper(ll) acetate solution or addition of ammonia into the
aqueous copper(Il} nitrate solution brought about the excess loading of copper ions above 100% of
exchange level. The activity of the resulting zeolites increased with increasing exchange level
and was significantly high even in the presence of oxygen and in the high GHSV region. It was
clarified for Cu-ZSM-5 by using IR, ESR, phosphorescence, TPD, and CO adsorption measurements
that (1) the Cu®* ions exchanged into zeolite were reduced to Cu®* and/or Cu*-Cu” through
evacuation at elevated temperature, {2) after exposure to oxygen at 773 K about 40% copper ions
existed as Cu® ions in zeolite, and (3) the NO~ species adsorbed on Cu* is an intermediate in the
NO decomposition and a redox cycle of Cu®=Cu®* proceeds in the zeolite during the decomposi-
tion reaction,
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Fig. 1. Temperature dependence of conversion

of NO (O) and into N; (A), Oy (), and N0
(@) over Cu-Z8M-G (exchange level; 143%) at
4.0 g-s-cm™ and Pyo=1.0%.

HWAEFEET & ERDEL A4 B REk), (baR
i G 100%) Llibof4 A4 v EEEd 2 C
EMT &L, ThiE, Cu(QH)T HRIETEA 54 +
DIt ENT VBB THES I,

$il4 A& AFREE 143% (2 Nat & Cu®t OREH
piEL LRE U CRIED) O8R4 A 35 ZSM-5
A 54 b+ (BITF Cu-ZSM-5 &8) ETD NO D
SERISOREKEFERE Fig 1 KRT. EE
(373~673 K) T2 N,O OAERHiER s, 573
KElETN, R L o, N, ~Oiip{bER bR IR
L Ebcint, HTI8K TRAEHERL
7258, Bl Uz, 973K CHiF L Aokl %
BUTIBKTHEALTHEEOETRRES NG
Mot &k, HiRTOFEET IR
RS LI L B SO TRUAWEEI LN, T
O, Rt E R IRE T 30 bl EpfE
LT &iEtkic k75 - f2, BT NO Dixdk
8, N, ~@OE{LER, O, ~DIE{bRBS—F L TW
MWD FREIED NO &EAERIO O M
LT NO, 2T 250 TH B,

A O A 5 4 MlE (ZSM-5, A7 H
Ak, ZxUx34 N, L) 2H04 4 53k
ONFEE T~ WENOHIA A 33k S
TEHETRT A, TOBEREA S A MHbEc k-
TRECENL L, BIBRHOWEREL S 4+
EEOFET I SETR, ZSME>EFHA b=
720Z254 +>LThotk, HHEALFA b LD
NO ARElHIR S, & NO &G4 4 »
B|EMELLETH, BRI A B/
4 & YEOHI, BEDEN ZSM-5 T 04% &i
bAEC, MHHEAEGLET 40% SFEbH/HE L
Mo,

NO TR O €4 7 1 b fbEREE: & TPD
OFR» 5 NOBEFLEWEHEA 4~ 1 fHidk
b OEMEHBT 2L, AIEEEMNNS (NS
REWERA A4 v 1 S b oiEMESEnT 5 C
Efbinot, & THEERINCEDCHRA S H
BEA A v OEEGREA 5 A FED L USSR
Wk >THRE D, GRS+ L FEM Y OE
i3 AlEFRELL-THlshs&ELON
’50

—316—



166

40+

12 =

Exchange level / 5

100

S0

(I

40

Conversion into N, / %

n 11
1H

Fig. 2. Exchange level of Cu-Z8M-5 {a) and its
catalytic activity (b) as a function of pH of
aqueous copper{ll) nitraie solution. The pH
was varied by the addition of ammonia.
The conditions for ion-exchange were the
same as Table 1 except pH. The catalytic
activities were measured at Pyo=2.05%,
catalyst weight=05g, flow rale=60
cm’min”!, and temp.=823 K. The strike-
through symbols indicate different lots of
catalysts.
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Table 1. Effect of addition of base on the ion-exchange level and catalytic activities of the resuiling Cu-

ZSM-b zeolite

a s Concentration pH after Ion-exchange Catalytic
Copper salt used” Additive {mol dm™% addition? level® (%) activity® (%)
Cu{CH,CO0), -H,0 None 59 a0 n.m.?
NH,OH 3.0 7.5 148 n.m.?
Cuf{NOg);- 3H,0 None 4.2 84 209
NH4OH 3.0 7.5 140, 144, 146" 48.4%
KOH 3.0 7.9 122 2.1
NaQH 3.0 7.5 125 2.0
Mg(OH), sh 58 101 324
Ca(OH), sn 7.5 131 8.1
Ba(OH), gm 7.6 137 109
Pyridine 1.2 6.4 103 9.3
en® 3.0 75 96 4.5

¥ The initial amount of Cu®* in the solution was 1.50 equiv. to that of Na" in zeolites.

" After 24 h.

? The degree of ion-exchange was measured by atomic absorption spectroscopy after the zeolite obtained

was dissolved HF in soluticn.

% FThe value is the conversion into N, under the following conditions; Pyo=4950 ppm, catalyst weight=

0.5 g, flow rate=60 cm® min~!, temp=773 K.
9 Not measured.

" In this case three experiments were performed.

® Catalytic activity of the 146% exchanged Cu-ZSM-5 zeolite.

¥ Saturated solution.
Y Ethylenediamine.
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Fig. 3. Dependence of the degree of conversion
of NO on partial pressure of NO and contact
time, (C) 753K and 1.0 g-s-cm™, (@) 753
and 0.2, (A) 753 and 0.025. Catalyst; Cu-
ZSM-5 (exchange level; 122 %).
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Fig. 4. Phosphorescence spectra over Cu-ZSM.
5 (exchange level; 138%) after evacuation at
(a} 573K, (b) 623 K, (¢) 673 K, {d) 723K, {e)
823 K, and (f) 973 K. (Ex=280 nm).
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Fig. 5. Distribution of copper ions in Cu-ZSM-5
as a function of exchange level after oxygen
treatment at 773 K. Amounts of Cu®** (O, @)
and Cu* (A, A) were estimated by ESR and
CO adsorption measurements, respectively.
The dashed line indicates the amount of
total copper ions in Cu-ZSM-5.
O, & Repeated ion exchange using aqueous
copper(ll) acetate solution.
@, A: Ion exchange by addition of ammonia
into aqueous copper(ll) nitrate solution.
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