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NO-assisted DO decomposition ovezx-framework FeZSM-5:
mechanistic aspects
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The decomposition of pO over arex-framework FeZSM-5 catalyst is strongly promoted by NO. Activity data show that the promoting
effect of NO is catalytic, and that besides @ is formed much more extensively in the presence, than in the absence of NO. Transient
in situ FT-IR/MS measurements indicate that NO is strongly adsorbed on the catalyst surface up to at least 650 K, showing absorption
frequencies at 1884 and 1876 th A change in gas phase composition from NO tgQNresults in the formation of adsorbed BO
identified by a sharp IR band at 1635 ch Switching back to the original NO gas phase induces a rapid desorption gfréi€oring the
original NO absorption frequencies. During the IR measurements, bands typical of nitro- or nitrate groups were not observed. Multi-Track
(a TAP-like technique) experiments show that the presence of NO egrdwiGhe catalyst surface significantly enhances the rate of oxygen
desorption at the time of D exposure to the catalyst. The spectral changes and transient experiments are discussed and catalytic cycles
are proposed, to explain the formation of pN@nd the (enhanced) formation of oxygen. The latter can be either explained by an indirect
effect (electronic, steric) of NO adsorbed on sites neighboring the active sites, or by a direct effect involving reaction of adsgrbed NO
groups with neighboring oxidized sites yielding.O
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1. Introduction mation of NGQ, and regeneration of the active site (equa-
tion (2)).
Fe-based zeolite catalysts are currently extensively stud-
ied, because of high activity in (i) deNOX-SCR [1-5], N20 + * — N2 + Ox (1)
(i) N2O-mediated selective oxidation of benzene to phe- NO+ Ox — NO2 + % 2)

nol [6,7], and (iii) catalytic NO decomposition [8—11].
Recently we reported an extraordinary performance of
specific FeZSM-5 catalyst prepareth an ex-framework
method in the latter reaction [10]. Thex-framework cat-
alyst (on aper Fe-site basis) shows a significantly higher N20O + NO — Nz + NO, 3)

activity than catalysts prepareta other procedures, such .
as liquid (aqueous)- or solid-ion exchange. Also the Stabﬁ__ecently Sang and Lund [8] further discussed the mecha-

ity of this particular catalyst in simulated tail-gas mixture§'SM of NO-assisted 0 decomposition. These authors

from nitric acid plants and fluid-bed combustors is eXceEropose a mechanism involving a nitrite/nitrate redox cycle
lent [10] y reaction with NO, yielding @ and N\b. It was also pro-

An intriguing general feature of FeZSM-5 catalysts irposed that nitrites and nitrates play a role ifNdecompo-

N,O decomposition is that NO significantly enhances tition in the absence of NO, based on spectroscopic results

activity, while the opposite effect is usually observed foﬁJf Sachtler and coworkers [3,15] anc; @xchange experi-

other catalytic system&g., based on noble metals (Ru Olments performed in th_e early eighties by Hall and cqwork-
Rh) [12,13]. This peculiar behavior of FeZSM-5 makes | rs [16]. Further experimental evidence was not provided by

. : L ang and Lund [8].
very attractive to use in applications where botfCNand . . .
NO are present, such as in tail-gas of nitric acid plants. The To further clarify the NO-assisted 20 decomposition

positive effect of NO on the PO conversion was first re- °V€" highly activeex-framework FeZSM-5, in this paper

ported by some of us in 1996, using a FeZSM-5 prepar étivity data and transient experiments using FT-IR/MS

L : ’ . ourier transform infrared/mass spectrometry) will be pre-
by liquid (aqueous) ion exchange with Fe(ll) sulfate [14] nted. Multi-Track (multiple time rpesolved anyezl sis of (E)at—
At that moment it was proposed that NO in the gas phaa§ : P y

scavenged adsorbed oxygen (deposited b@ Nuring the ytic k_inetics) was us'ed to analyze the effect of NQ on the
oxidation of active sites, equation (1)), leading to the fo ormation of oXygen In NO'aSS'St_edZN c_Jecomposmon.
he possible catalytic pathways will be discussed based on

* To whom correspondence should be addressed. the experimental observations.

Reduction of an oxidized site by NO as represented in equa-
tdn (2) should lead to a stoichiometric process in which NO
and NbO react to form N and NG:

1011-372X/01/1100-0007$19.50/02001 Plenum Publishing Corporation



8 G. Mul et al. / NoO decomposition over ex-framework FeZSM-5

2. Experimental the wafer consisted of drying at 573 K in He for 1 h. Spec-
tra were recorded using a Nicolet Magna infrared 860 spec-
2.1. Catalysts and materials trometer equipped with a nitrogen cooled MCT detector and

a rapid scan interferometer. Unless stated otherwise, spec-

Isomorphously substituted FeZSM-5 was synthesized hya were recorded against a background of the sample at the
drothermally using tetrapropylammonium hydroxide as th@action temperature under He at 4 chresolution, using

template. A solution of the silica source (tetraethylorthao-addition of 48 scans. Transient experiments were per-

silicate, TEOS, Acros, 98%) and the template (tetrapropytbrmed using a rapid scan collection mode. Again 48 scans

ammonium hydroxide, TPAOH, Fluka, 20% in water) wagere co-added for each spectrum using scan length min-

added to a mixture of aluminum(lll) nitrate (AI(N:  imization, leading to a complete spectrum collection time
-9H,0, Merck, 99%) and iron(lll) nitrate (Fe(N§s-9H2O, of 7.7 s.

Merck, 98.5%). The molar ratios between components were The infrared measurements were performed using a
H2O/Si = 45, TPAOH/Si= 0.3, Si/Al = 36, and Si/Fe= 3 vol% N,O in He mixture, and a 5 vol% NO in He mixture.
152. The solution was transferred to a stainless-steel aufre transients in gas phase composition were followed us-
clave lined with Teflon and kept in a static air oven at 448 Iﬁ]g a quadrupole mass spectrometer (Pfeiffer Thermostarr)
for 5 days. The crystalline material was filtered and washednnected on line to the outlet of thesitu infrared cell.

with deionized water. The as-synthesized sample, in which

Fe(lll) is isomorphously substituted in the zeolite framep 4. Multi-Track experiments

work, was calcined in air at 823 K for 10 h and was then

converted into the H-form by three consecutive exchangesa detailed description of the Multi-Track system is pre-
with an ammonium nitrate solution (0.1 M) overnight andented elsewhere [19]. Briefly, a catalytic reactor is located
subsequent calcination at 823 K for 5 h. Finally, the catg an ultrahigh vacuum system operating at a pressure of
lyst was treated in flowing steam at ambient pressure (wWaPa. The catalyst bed (100 mg, pellet size 125-261)
partial pressure of 300 mbar and 30 mI mtrof N2 flow) at  packed between two layers of SiC particles (each contain-
873 K during 5 h, yieldingx-FeZSM-5. In the following de- ing 200 mg particles of 23@m in size), is exposed to a gas
scription of the various experimentse®, NO (5 vol% NO  pylse with a width of 10Qus and a size of 2§ molecules.

in He, or 15% NO in Ar (Multi-Track)), He, and Ar were of | the reactor, the shape and composition of the gas pulse

UHP grade and used as received. change due to processes such as diffusion, adsorption, and
. reaction. At the reactor exit the reaction products are ana-
2.2. Activity tests lyzed by four quadrupole mass spectrometers. All four mass

spectrometers are able to analyze one of the components in

Activity measurements were carried out in a fixed-beghe exit gas stream with a maximum sample frequency of
flow reactor system [17], using 50 mg of catalyst (125¢ MHz. As the signal-to-noise ratio in this system is excel-
200 um) and a total flow rate of 50 mimirt (space ve- |ent, no averaging of pulses is necessary to obtain good peak
locity, GHSV = 60000 ') at atmospheric pressure. Thesignals. This is an important aspect, as transient phenomena
feed compositions used were (i) 1.5 mbagQNin He, may remain unobserved when the peaks have to be averaged.
(i) 1.5 mbar NO and 0.2 mbar NO in He, and (iii) 1.5 mbar  Before the measurements, teeframework FeZSM-5
N20 and 0.4 mbar NO in He. Before reaction, the catalysggtalyst was evacuated in the Multi-Track reactor at 723 K
were pretreated in O (1.5 mbar NO in He) at 723 K for for 3 h. The mechanistic studies 0§88 decomposition were
1h. N;O, N2, and @ were analyzed with a GC equippetherformed by pulsing pure 2D at different temperatures
with a thermal conductivity detector, using a Poraplot Q cojn the range of 623-973 K. The effect of NO on the reac-
umn (for N2O separation) and a Molsieve 5A column (fokjon was studied using so-called pump—probe experiments.

N2 and @ separation). NO and Nfdconcentrations were A time interval of 1 s between the NO and® pulse was
determined with a chemiluminescence N@nalyzer (Eco- typijcally applied.
physics CLD 700 EL).

2.3. FT-IR/IMS experiments 3. Results

The FT-IR measurements were performed usinmaiu  3.1. Activity measurements
infrared cell with Cak windows. This cell was designed
and built at the University of Amsterdam [18]. Gas could The performance oéx-FeZSM-5 in different feed mix-
be fed to the cell using a four-way valve (Valco), which watures is presented in figure 1. In e®/He feed, the cata-
configured to select two separate gas feeds. Using a flowlydt only shows a substantial,® conversion above 700 K.
30 mimin~1, the cell was completely refreshed in about 30 Addition of NO (0.2 mbar; molar BO/NO ratio of 7.5) en-
after switching the valve. For the infrared measurements, thances the reaction rate considerably; th®Nonversion
catalyst was pressed in the form of a self-supporting wafeurve is shifted to about 100 K lower temperatures. Higher
(~70 mgcnT?) at a pressure of 3 ton cm. Pretreatment of amounts of NO in the feed gas (0.4 mbar; molaQ¥NO
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ratio of 3.75) only lead to a slight further improvement, sugNO» formation was not observed over an inert material (SiC,

gesting that a relatively small amount of NO (compared toot shown). Furthermore, reaction of NO with@® to NO;

N2O in the feed) is sufficient to induce a dramatic change and N> is not thermodynamically limited above 675 K, since

N2O decomposition activity. less active catalysts show a maximum of similar intensity at
Analysis of the NO, NG, and NQ. profiles provides fur- significantly higher temperatures, as will be reported in an

ther information on the effect of NO on the catalytic perforapcoming publication [20].

mance. In a NO + NO/He feed, the formation of N&in- Mass balance calculations at different temperatures clear-

creases as a function of reaction temperature (figure 2 (a) anghow that the stoichiometric reaction oL@ with NO

(b)), reaching a maximum at 650-675ik&., in the slope of to NO; and N> (equation (3) in section 1) cannot explain

the NbO decomposition activity curve. Above this temperthe observed effects in figures 1 and 2. Table 1 shows the

ature, NQ formation decreases, and completely disappedgsultat 700 K. It can be concluded that besides inducing the

at 775 K. The NQ level is constant in the temperature rangérmation of NG, the presence of NO in theZ® containing

investigated, indicating that NOs not converted to Nor feed also significantly enhances the production gf O

N2O. The conversion of NO to N£should be related to the

performance of thex-framework FeZSM-5 catalyst, since3.2. FT-IR/MS experiments

To verify whether NO could be decomposed into (ad-

10 sorbed) NO/NQ or nitrites and nitrates, the catalyst pellet
was exposed to a flow of 30 mimit 3 vol% N,O in He
08 for 2 h at 373 and 573 K, respectively. Besides the features
of gas phase pD, adsorbed species could not be observed,
indicating a weak interaction of XD with the catalyst.
) 06 Apparently the reactions leading to adsorbed NO orn,NO
= species reported by others for ion-exchanged FeZSM-5 cat-
; o4 b alysts [11], and catalysts prepanrgd sublimation of Fed
' in the zeolite pores [15] are absent for #xeframework cat-
alyst. A spectrum of NO adsorbed on theframework cat-
0.2 1 Table 1
Mass balance data at 700 K, as calculated from the activity measurements.
0.0 /A S S Feed composition Partial pressure (mbar)
5560 600 650 700 750 800 850 N2O disappeared  N©formed G formed
T/IK 1.5 mbar NO in He 0.075 - 0.035
1.5 mbar NO + 0.955 0.105 0.460
Figure 1. NO conversionvs. temperature oveex-FeZSM-5 in differ- 0.2 mbar NO in He
ent feed compositions:4) 1.5 mbar NO in He, ¢) 1.5 mbar NO and 1 5 mpar yO + 1.170 0.145 0.505

0.2 mbar NO in He, €) 1.5 mbar NO and 0.4 mbar NO in He. Space (.4 mbar NO in He
velocity 60000 1.

0.50 0.25

0.40 r 0.20 [
o @
o] L
€ 030 € 015
- -
Q 020t S o010t
k=% k=t

0.10 ¢ 0.05 [

0.00 : 0.00 : : : : :
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Figure 2. Partial pressure of)(NO, (e) NO2, and @) NO, vs. temperature ovesx-FeZSM-5 during catalytic decomposition 06® in 1.5 mbar NO
and (a) 0.4 mbar of NO and (b) 0.2 mbar NO. Space velocity 60000 h
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alyst at 353 K is presented in figure 3, showing absorptiamas not discussed, and the major 1886 ¢érhand assigned
frequencies at 2133, 1886 and 1874 ¢mThe origin of the to Fé'—-NO on the basis of the assignments of the 1874%tm
2133 cnm! band has recently been discussed extensiveband by others. At present the origin of the doublet at 1874
and has been assigned to positively charged NO, occupyd 1886 cm? is not clear. A detailed IR study of Fe in
ing cationic positions in the zeolite structure [21]. Bands iex-framework materials (Silcalite and ZSM-5), before and
the range of 1750—1920 crh have often been observed inafter steaming, is currently conducted to explain these spec-
the spectra of NO adsorbed on zeolite and oxide supporteal features.
Fe catalysts, but the assignment is ambiguous. HadjiivanovThe transients occurring when NO adsorbed ®n
et al. [1], Lobreeet al. [2,22], and Lezcanet al. [23] re- framework FeZSM-5 is exposed to® are shown in fig-
cently discussed the origin of these bands. Both the 1874 are 4. The gas phase composition was changed from 5 vol%
1886 cnt! bands are assigned to mono-nitrosylic speci®O in He to 3 vol% NO in He and back to 5 vol% NO in
associated with Fe in thet2state (FE—NO). The species He at 523 K. Upon the introduction of® in the cell, bands
causing the 1874 cnt absorption was assigned by Lobreassigned to gas phase® appear at around 2225 crh
et al. to Fe sites in little accessibexchange positions [2]. A continuous decrease of the bands assigned to adsorbed
The 1886 cm! band was observed by Lezcadal. [23] NO can be observed. After an induction period of 30 s,
including bands at slightly lower wavenumbers (1873 arainew band is developed around 1632 ¢mhich contin-
1867 cntl), but unfortunately the origin of the multipletuously grows in intensity and can be assigned to adsorbed
NO; [1,2,22]. The corresponding gas phase product evo-
lution is shown in figure 5. A time delay is observed be-
1874 tween the time of switching the gas from NO to® and
the formation of N, which corresponds to the infrared ob-
Io.os servations. The formation of NQwvas not detected. Upon
switching the gas phase composition back to NO, a rapid
1886 transition of the 1635 cm' to the original bands at 1886
and 1874 cm! was observed (not shown). At the same time

Absorbance / -

2133 the MS analysis shows that N@s formed instantaneously
(figure 5), as well as someaN
3.3. Multi-Track experiments
s 1 s s s s | s s s s | s s s s | s s s s | s s
2200 2100 2000 1900 1800

§ According to the activity measurements, the positive ef-
Wavenumbers / cm fect of NO on the NO decomposition does not only lead

Figure 3. Infrared spectrum of NO adsorbed eframework Fezsm-5 10 formation of I.\IQ’ b.Ut also to large amounts of;0 In
at 353 K in continuous flow of (30 mImint) 5% NO in He against a back- order to further investigate the effect of NO on @rma-

ground of the catalyst at 353 K in He. tion, Multi-Track experiments were performed.,® was
gas phase
N,O
| Fe-NO,

t=1.6 min
NS
N ) N

S

- N,O in, t= 0

L L L |

2400 2200 2000 1800 1600
Wavenumbers / cm?

it

:

Figure 4. Transient infrared spectra of NO adsorbedveframework FeZSM-5 at 523 K upon switching a flow of (30 mlm#) 5% NO in He to
(30 ml minfl) 3% N»O in He. Spectra recorded against a background of the catalyst at 523 K in He.
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pulsed through the catalyst bed at 673 K. Ther€@ponse is 4. Discussion

shown in figure 6. Only a slight increase of the base-line (fig-

ure 6(a)) is present, indicating very slow desorption of @ The nature of the active site in FeZSM-5 catalysts pre-
pump—probe experiments, in which NO was introduced 1p§red .by varipus method;, has already been discu;sed exten-
after the NO pulse, a remarkable effect on the @sponse sively in the I|te_r:_;1turee.g.,_ in [2,_4,6,24,25]. Isolated ionsin

can be observed. As is shown in figure 6, curve (b), the ijamework .posmons, or |n.var|ous<-framework positions
response at the time of the,® pulse sharens, indicatingn the zeolite channels, dinuclear or polynuclears(®g

a significantly faster @desorption in NO—NO alternating SPEcies, and iron oxide particles (1-2 nm) have been iden-
cycles, than in the experiment with,® only. Switching tified in various samples. Based on an apparent correlation

the pulse of NO off results in desorption of NO and transPefWeen the activity in BO decomposition and the size of
tion to the original catalyst behavior, with a very broag Othe iron oxide particles presented elsewhere [10], the active

response (curves (c)—(e)). NO desorption is complete afFec}ecies in the fql!owing discussion of the catalytiq cycles of
about 20 s. At high temperaturesg00 K) the effect of NO N2O decomposition will be represented as Fe oxide. A de-

; S - tailed discussion of the nature of the active sites will be pre-
ionnﬁtgjrg);yg.?sedgssrrgéllzg 2?)?;15& Eynpeuﬁgﬁ:gqu’) ?)Snli hoVs\/%ented elsewhere [20]. Whatever the exact structure of the

or N2O and NO alternately, are very similar, indicating tha"fICt'Ve site, in any case two n'e_|ghbor|ng Fe sites need to be
at this high temperaturefQlesorption is fast, and hardly af_present to account for the activity [10] and NO-assiste@N

decomposition.
fected by NO. The kinetics of NO decomposition over Fe-based cata-

lysts have been previously discussed [8,9]. Two alternative
pathways to explain the formation of oxygen have been pro-
posed. This is illustrated in figure 8. First, a free site is
oxidized by reaction with BO. If this process occurs on two
neighboring sites, recombination of the oxygen deposited on
these sites leads too@ormation (pathway 1). If the second
N2>O molecule reacts with the oxidized site, this also results
in the regeneration of the site, according to pathway 2 in fig-
ure 8. In view of the very slow oxygen desorption (figure 6),
the recombination of two oxygen atoms (located on two dif-
ferent sites) appears the most likely explanation ferf@-
mation. Sang and Lund [8] recently proposed an alternative
mechanism in which cycling between surface nitrites and ni-
trates plays a role (equations (4) and (5)).

NO

-

Instantaneous

Intensity / arb. units

0 50 100 150 200 250 300
trs N20 + NOZ * — N2 + Oz + NO; * (4)
Figure 5. Transient in gas composition upon switching a (30 mithin N>O + NOZ_* — N2+ NO?:* (5)

flow of 5% NO in He to (30 mImin1) 3% N,O in He at time 0's, and back
to a (30 mimirrL) flow of 5% NO in He at time 250 s. MS profiles of NO, However, for theex-framework FeZSM-5 catalyst, forma-

N20, NO, and ¥ are shown. tion of adsorbed NO or N®was never observed in IR ex-

N,O

MS signal / arb. units
4
5
Q
£
¥
o

j

¥ O 4

o %

F > 32

G

MS signal / arb. units

00 02 04 06 08 10 12 14 16 18 20

t/s
Figure 6. G profiles measured by Multi-Track during catalytic decomposi- 00 02 04 06 08 10 12 14 16 18 20
tion of N O overex-FeZSM-5 at 698 K: (a) pulsing$D at 0.1 s, (b) pulsing t/s

N20 and NO at 0.1 and 1.1 s, respectively, (c) pulsingoNat 0.1s, 10s ] ) ) )
after switching off the NO valve, (d) pulsingJ® at 0.1 s, 20 s after switch- Figure 7. Q profiles measured by Multi-Track during catalytic decompo-

ing off the NO valve, and (e) pulsing4® at 0.1 s, 40 s after switching off sition of NoO overex-FeZSM-5 at 973 K: (a) pulsing 0 at 0.1 s and
the NO valve. (b) pulsing NO and NO at 0.1 and 1.1 s, respectively.
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periments in which the catalyst was exposed @®Nonly, Apparently alternative pathway(s) are needed to explain
suggesting that this pathway does not occur over our cétte NO-assisted pO decomposition. The IR spectra indi-
alytic system. cate a strong adsorption of NO on the catalyst surface and

The beneficial effect of NO on the activity of thein view of the intensities, a high occupancy of the available
FeZSM-5 catalysts has been assigned by Kapteigl. to  sites by NO. This is schematically shown in figure 9. A time
scavenging of adsorbed O, regenerating the active site (equalay between the formation of,Nand the exposure of the
tion (2)) [9,14]. Sang and Lund [8] use the interconversion @htalyst to NO can be observed (figure 5). This suggests
nitrates and nitrites to explain the enhancementg@Non- that some NO needs to desorb to allop\to be activated,
version by the presence of NO (equations (4) and (5)). Tleenverting NO into N and an oxidized site. This is shown
theories of neither Kapteijet al. nor Sang and Lund appearas a first step in figure 9. The IR spectra (figure 4) show a
to explain the experimental data presented in this paper.sifilar time delay in the conversion of teNO to F& -NO,
scavenging of adsorbedi®y NO was the only mechanism(decreasing 1874 and 1886 tfbands and the increasing
of promotion, the enhanced production (table 1) and desonB32 cnt! band (figure 4)), suggesting that the oxidized
tion rate of oxygen (figure 6, curve (b)) are hard to explaigjte subsequently oxidizes adsorbed NO to,NCThis is
The mechanism of Sang and Lund appears neither in agrgghematically shown in pathway 3. Switching back to the
ment with the data presented here, since nitrate bands (in m%maﬂ NO gas phase, results in a rapid desorption 0§ NO
range of 1500-1600 cnt [3,15]) have not been observed in(figure 5) and restores the original NO absorption frequen-

any of the infrared spectra. cies. This is shown in pathway 4, which suggests thap NO
o, adsorption on the catalyst surface is weaker than that of NO.
It should be mentioned that this is apparently a specific fea-
ture of theex-framework catalyst, since other authors have
0o o/ suggested the opposiieg., NO; is more strongly adsorbed
f)’(‘;gen on FeZSM-5 catalysts than NO [2,5]. Step 4 is the process
removal to close the catalytic cycle in the conversion giNand NO
2 NZO O to N2 and NQ. The Nb produced in the switch from $0
Vacam . o 5 / to NO in the MS profiles (figure 5) is related to the limited

time that both NO and pD are present in the IR cell.

2N,0 2N, +20, In our view, different steps can explain the enhanced de-

\/ sorption of oxygen as observed in the Multi-Track experi-
Fast oxygen \ 00000 ments, and oxygen formation in the activity measurements.
deposition @ N,O-induced  Similar to the pathway in the absence of NO (figure 8, path-

reduction way 2), pathway 2 in figure 9 involves reaction of the ox-

idized site with MO, yielding @ and Nb. The enhanced
Figure 8. Schematic representation of the catalytgONlecomposition 0Xygen desorption from the active site is then explained by

over FeZSM-5 catalysts in the absence of NO. a reduced stability of adsorbecdbQnduced by either elec-
N,O N, + 0,
N,O N,
00 0\/
N ON N N o} N N N ONN

| Fe-oxide | | Fe-oxide | | Fe-oxide |  n,0-induced
ZSM 5 ZSM 5 ZSM 5 reduction

oxygen depos:tlon
emply sife \l/ @

NO NO,
0 000 °o Q0o
N O N N NO N N

NO oxidation |Fe_OX|de @\ IFe-OXIde | NO-induced
| ZSM-5 | | Z8M-5 |N02desorption

v .
NO N,
A4 oo o, 000
N ON N N N

Fe-oxide | @\ [Fe-oxide | NO-induced
| ZSM-5 | | ZSM-5 |02desorption

Figure 9. Schematic representation of the catalyti©Nlecomposition over FeZSM-5 catalysts in the presence of NO.
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tronic or steric effects of the NO adsorbed on neighboririgeferences

sites. An alternative explanation for the enhanced oxygen
desorption is depicted in figure 9 as steps 5 and 6. In faz{]
this cycle is a modification of that proposed by Sang an
Lund [8], and involves the recombination of oxygen presen]
in adsorbed N@ and oxygen species deposited byNon

a neighboring site. However, this cycle can only be justified3!
if a nitrate-like intermediate is not involved in the recom- 4
bination, since nitrates were never observed in the transieH
IR experiments. To gain further insight in the enhanced fors)
mation of oxygen180 labeled NO should be applied. If [6]
the catalyst is “pre-loaded” with O, exposure to B8O
should lead t080, if pathway 2 occurs, and t#o0 if ')
pathways 5 and 6 dominate the catalytic cycle. These typgg
of experiments are planned in the near future. [0l

[10]

5. Conclusions [11]

Experimental evidence for two parallel pathways to e¥;y
plain the promotion of catalytic JO decomposition over
ex-FeZSM-5 by NO is provided, one involving NCfor-
mation and the other Oformation. The steps explaining
NO, formation include (i) strong adsorption of NO on thd'¥!
ex-framework FeZSM-5 catalyst, (i) interaction of adsorbef;
NO with N2O yielding adsorbed N&) and (iii) NO-induced
NO, desorption. Two alternative explanations are proposéd]
for the enhanced formation of;0 One involves electronic [17]
and/or steric effects of NO adsorbed on sites neighboring tﬁg]
N2O decomposition sites, and the other a catalytic cycle in
which recombination of oxygen from adsorbed N&hd an [19]
oxidized active site plays a role.

(13]

[20]
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