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Abstract

Recently, the demands for catalysts capable of reducing NOx in net oxidizing atmosphere has been
increasing, which promotes the research on catalysts using hydrocarbons to reduce NOx. Cu-ZSM-5 is one
of the catalysts which reduce NOx with hydrocarbons in net oxidizing atmosphere. We investigated the rela-
tionship between the states of copper in Cu-ZSM-5 and its reactivity, and also the change in the state of Cu
with thermal deactivation.

The results of infrared absorption spectroscopy of adsorbedaN#i electron spin resonance (ESR) of
CU”* show that the states of copper in Cu-ZSM-5 vary with Cu loading. It was clarified by comparison
between the states of copper and the activity of NOx reduction of Cu-ZSM-5 that the active sites for NOx
reduction were Cu ions at the ion exchange sites in zeolite and that Brgnsted acid sites did not contribute to
the NOx reduction directly.

From solid state nuclear magnetic resonance and ESR results, the thermal deactivation was found to occur
by the migration of copper ions which was induced by the dealumination of zeolite, not by the aggregation of
copper ion. Ab initio molecular orbital calculation on the model of zeolites suggested that the dealumination
was caused by the Brgnsted acid sites.
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The absorption band at 1620¢m
corresponds to the deformation band of
NH; on the Cu ion and that at 1460¢m
corresponds to the deformation band of
NH," on the Brgnsted acid site.
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Table 1 Composition of simulated exhaust gas.

Gas concentration/%

No.1 No.2
CO 0.12 0.46
H, 0.04 0.16
CHe 0.08 0.10
NO 0.12 0.074
0, 4.3 8.7
co, 11.9 9.3
H,O 3 3
N, Balance Balance
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Al and ®°Si MAS NMR spectra of Cu-ZSM-5 heated for 5 hours in simulated exhaust

gas (Table 1: No.2) ; a) unheated, b) heated afl 6@) 7001 and d) 80QI .

Table 2 Concentration of i in Cu-ZSM-5
estimated from ESR spectrum.

Heating temperature Cu'concentration / 8™

Unheated 1.14
600 1.10
700 1.07
800 1.13
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Table 3 ESR parameters used in spectrum simulation.

(o o A, ImT Ag/mT

Species a 2.327 2.067 140 10
(unheated and heated at 600

Species b 2.289 2.050 155 10
(unheated and heated at 60Q

Species c 2.313 2.065 160 15

(‘heated at 800 )
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Fig. 11 ESR spectra of Cu-ZSM-5 after the introduction of 10 Torr of NO at room
temperature. For the dehydration the sample was evacuated atféoR
hours ; (A) spectra of the unheated sample, (a) after the dehydration,
(b) just after the introduction of NO, (c) 1 min. after the introduction and
(d) 5 min. after the introduction, (B) spectra of the sample heated &t 800
for 5 hours in the simulated exhaust gas ( Table 1 : No.2), (e) after the
dehydration, (f) just after the introduction of NO, (g) 1 min. after the
introduction and (h) after evacuation at room temperature.
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Fig. 13 ESR spectra of Cu-ZSM-5 after the introduction of 10Torr $f.C For the
dehydration the sample was evacuated atb&@r 2 hours ; (A) spectra for the
unheated sample, (a) after the dehydration, (b) just after the introductigdHf C
(c) 1 min. after the introduction and (d) 13 min. after the introduction, (B) spectra
for the sample heated at 800for 5 hours in simulated exhaust gas ( Table 1 :
No.2), (e) after the dehydration, (f) just after the introductionsbfs(g) after
evacuation at room temperature and (h) just after the introductiogHgf C
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