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The selective catalytic reduction of NO with ethanol in the presence of oxygen excess was studied over
H-ZSM-5 and Ag/H-ZSM-5 catalysts. Temperature programmed surface reaction (TPSR) studies were
performed in order to: (i) assess the effect of replacing NO by NO, (ii) evaluate the catalysts performance
and (iii) study the formation of organic and organo-nitro compounds, as a result of nitrogen oxides and
ethanol interaction.

When using NO-, instead of NO, an almost complete conversion of NO,, is observed on zeolite acid sites,

gjﬁ‘goms" giving rise to NO and partial oxidized hydrocarbons. NOy conversion is higher on Ag/H-ZSM-5 (48% vs.
Ethanxol 19%) but it is not greatly affected when NO is replaced by NO,.

SCR Steady-state NOy conversion to N, was evaluated at 500 °C over H-ZSM-5 and Ag/H-ZSM-5 and it was
Silver found to be higher over Ag/H-ZSM-5 (48% vs. 24%). Similar NO, conversions were attained with NO or
ZSM-5 zeolite NO, in reactor feed.

Formation of RNO, compounds (CH3NO,), cyanides (acetonitrile) and iso-cyanates (HNCO) was shown.
Ethanol reactions, such as dehydration to C;H4 and partial oxidation to acetaldehyde or acetic acid, were
observed on the studied temperature range.

An approach to the deNO, reaction mechanism over H/ZSM-5 and Ag/H-ZSM-5 catalysts was performed

based on the identification by MS of several organic and organo-nitro compounds.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Current and upcoming air quality regulations are requiring
drastic reductions in NOyx emissions from diesel engines. Cat-
alytic after-treatments, as SCR-HC (selective catalytic reduction
with hydrocarbons), are needed in order to accomplish the nec-
essary emission reductions. In particular, SCR with ethanol is a
viable solution due to the relative environmental-friendly prop-
erties of ethanol compared to NH3, the currently used reducer for
heavy-duty vehicles [1]. Moreover, ethanol can be produced from
renewable sources [2] and it can be blended with gasoline or diesel,
in this last case using an emulsifier [3].

Among all catalysts tested for deNOy process, Ag/Al,03-based
catalysts have been the subject of numerous studies [4,5], showing
promising results. Silver-zeolite catalysts present similar charac-
teristics but,in addition, they have unique ion-exchange properties.

Infrared studies have been performed to characterize the species
present on the catalyst surface as well as the gas phase during
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deNOy reaction with ethanol for Ag/Y [6] and Ag/Al,03 [7-9] cat-
alysts, in order to identify possible intermediaries and propose
reaction mechanisms. Intermediate compounds such as acetalde-
hyde, surface acetates, enolic species, CH3NO,, -NCO and CyH4
were detected on those studies.

In this work, the catalytic reduction of NO or NO, with ethanol
was studied, over a silver-exchanged ZSM-5 zeolite. Organic and
organo-nitro compounds were continuously monitored by mass
spectrometry (MS).

2. Experimental
2.1. Catalysts preparation

The parent zeolite NH4-ZSM-5 with Si/Al=15 was supplied by
Zeolyst International.

The protonic form H-ZSM-5 was prepared by calcination of NH4-
ZSM-5 at a heating rate of 5°C min~! with an air flow of 4Lh~1g1,
kept at 200°C for 2 h and at 500°C for 8 h.

Ag/H-ZSM-5 catalyst was prepared by ion-exchanging twice
NH4-ZSM-5 form with a 0.01M AgNOs (Merck) solution. lon-
exchange was carried out at room temperature (RT) for 24h in
the dark to avoid Ag* reduction. The ratio between the volume of
solution and the catalyst weight (v/w) was equal to 100mLg~1.
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After each ion-exchange the catalyst was washed with distilled
water and dried at 100 °C for 24 h. Then, the catalyst was calcined
following the procedure described above.

2.2. Catalysts characterisation

Silver content in Ag/H-ZSM-5 catalyst was determined by ICP
analysis and was found to be 4.4 (wt.%).

Ag species were characterized by H,-TPR (temperature pro-
grammed reduction), diffuse reflectance UV-vis and HR-TEM (high
resolution transmission electron microscopy).

H,-TPR experiments were performed on a Micromeritics
AutoChem 2910, using 90 mg of catalyst. Before each run, the sam-
ple was pre-treated under flowing argon (flow rate of 25 mLmin~1)
from RT to 500°C (10°Cmin~'), kept at 500°C for 1h and then
cooled to RT. H,-TPR was carried out under a mixture of 5% Hy/Ar
with a flow rate of 30 mLmin~!, from RT to 950°C at a heating
rate of 10°Cmin~'. Hydrogen consumption was measured with a
TCD (thermal conductivity detector); water was trapped in a 2-
propanol/liquid nitrogen trap.

Diffuse reflectance UV-vis spectrum of the Ag/H-ZSM-5 catalyst
was measured at RT with a Varian Cary 5000 UV-Vis-NIR spectropho-
tometer after heating of the sample up to 500 °C under air flow with
a Praying Mantis accessory. H-ZSM-5 was used as reference.

HR-TEM was performed on a JEOLJEM 2011 HR (LaB6) micro-
scope operating at 200 kV. Prior to HR-TEM, the sample was crushed
and then dispersed without solvent addition on a carbon-coated
copper TEM grid.

2.3. Catalytic tests

Catalytic tests were performed in a U-type pyrex reactor, under
TPSR conditions. Catalysts samples (125 mg dry base) were placed
over a porous plate inside the reactor and oven temperature was
controlled through a Eurotherm temperature controller using a K-
type thermocouple. In each experiment a fresh catalyst sample was
used.

Before each TPSR experiment, the sample was pre-treated in
flowing argon (flow rate of 250 mLmin~!) from RT to 500°C
(5°Cmin~1) and kept at 500°C for 1h. After catalyst reached RT,
the reaction was performed with different gas mixtures: 250 ppm
NO or NO,, 750 ppm ethanol or 500 ppm propane and 0 or 7% O,
in flowing argon. NO oxidation tests (also under TPSR conditions)
were performed with a mixture of 250 ppm NO and 7% O,. Before
each TPSR, the reactant mixture was allowed to stabilize in a reactor
by-pass until its composition was stable. All TPSR runs were per-
formed with a heating rate of 10°Cmin~! and a total flow rate of
250 mLmin~!. After each TPSR, when steady-state was attained, the
NOy conversion was measured at 500°C. The reactor outflow was
continuously analysed using a combination of four different detec-
tors. An Eco Physics CLD 700 AL chemiluminescence NOy analyser
allowed the simultaneous detection of NO, NO, and NOy. Two Ultra-
mat 6 IR analysers were used to monitor N, O, CO and CO,. A Pfeiffer
Vacuum GSD 301 MS was used to follow the m/z signals sensible to
the system perturbation: H,O (m/z=18),ethylene (m/z=27 and 26),
N,/CO (m/z=28), acetaldehyde (m/z=29), acetonitrile (m/z=41),
-NCO (m/z=42), acetic acid (m/z=60) and CH3NO; (m/z=61).

3. Results and discussion
3.1. Catalysts characterisation

H,-TPR profile of Ag/H-ZSM-5 shown in Fig. 1 evidences three
H, consumption processes, with maxima at 140,210 and 450 °C. No

other peaks were detected above 600 °C. H,-TPR of H-ZSM-5 does
not present any peaks.
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Fig. 1. H,-TPR profile of Ag/H-ZSM-5 catalyst.
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According to the literature, the first two H, consumption pro-
cesses can be attributed to either Ag* on the zeolite exchange-sites
[10,11] or Ag,0 [12] reduction; both species have been reported
to reduce from 130 to 275 °C. The high temperature H, peak, with
maximum at 450 °C, can be attributed to the reduction of partially
charged silver clusters, Ag,,%* [11].

HR-TEM micrographs of Ag/H-ZSM-5 catalyst (Fig. 2) evidence
the presence of Ag particles with a mean diameter of 2.5+ 0.7 nm.
The inter-reticular planes of the silver particles were measured (2.4
and 2.0A) and they were found to belong to the crystallographic
planes (11 1) and (2 00), respectively, consisting on face-centered
cubic metallic silver. Crystallographic planes belonging to Ag,O
were not found. The presence of Ag particles on Ag/H-ZSM-5 justi-
fies the fact that total Hy, consumption on the H,-TPR is lower than
the stoichiometric value (0.23 instead of 0.5).

Fig. 2. HR-TEM micrographs of Ag/H-ZSM-5 zeolite crystal showing the silver
particles distribution (up) and detail of a crystal with silver particles and their
inter-reticular planes (down).
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Fig. 3. Diffuse reflectance UV-vis spectrum of Ag/H-ZSM-5 catalyst at RT after heat-
ing the sample up to 500°C under air flow.

Diffuse reflectance UV-vis spectrum of Ag/H-ZSM-5 (Fig. 3)
presents three bands at 214, 224 and 305 nm. According do the
literature, the first two bands can be attributed to Ag* on the zeo-
lite exchange-sites [13,14] while the third band can be attributed
to partially charged silver clusters, Ag,%* [10].

Taking into account that UV-vis spectra of Ag/H-ZSM-5 at RT,
under air flow, confirmed the presence of Ag*, the two first TPR
peaks can therefore be attributed to Ag* reduction.

3.2. Catalytic tests

3.2.1. NO oxidation

Fig. 4, which compares the NO oxidation profiles obtained for H-
ZSM-5 and Ag/H-ZSM-5, shows that NO is adsorbed over H-ZSM-5
catalyst from RT until about 70°C, while over Ag/H-ZSM-5 NO is
adsorbed from RT to about 100 °C. Oxidation of NO to NO, starts at
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Fig. 4. NO oxidation profiles over H-ZSM-5 ( ) and Ag/H-ZMS-5
) with 250 ppm NO and 7% O; total flow of 250 mLmin~".

about 80 °C for both catalysts, according to the following reaction:
(1)

Over H-ZSM-5 catalyst, the maximum NO, value is 80 ppmat 150 °C
and 150 ppm at 185 °C over Ag/H-ZSM-5 catalyst. NO oxidation to
NO,, takes place over the H-ZSM-5 catalyst, which means that this
reaction proceeds partially over the acid sites of zeolite support.
Nonetheless, the presence of Ag enhanced the catalyst ability to
perform NO oxidation to NO, in the low temperature range (from
125 to 300°C).

Meunier et al. [15] proposed that, over an Ag/Al,03 catalyst,
metallic silver enhanced the oxidation of NO to NO,. Since metallic
silver particles were observed over the Ag/H-ZSM-5 catalyst by HR-
TEM (as presented in Section 3.1), this observation is in line with
the previous proposition of those authors.

NO + 10, = NO,

NO + EtOH + O, NO; + EtOH + O,

400 - + 1500 - 1500
aso | @ = =
—_— 1 E | E
g 300 | 1200 3 1200 §
4 5 250 - :,"\_}!9‘_ too § - 900 §
71k s s
N|E £ - 600 £
=1 K] 8 ]
s £ - 300 §
< o o (&)

0
500

400 - - 1500
=350 - = =
£ 300 E - 1200 £
& = 2
| 5250 §| Rl
< | % 200 - i g
| E 150 - t - 600 ¥
N8 100 S 3
T e 1 c c

300
3 50 - 3 8

0 e ()
0 100 200 300 400 500 0 100 200 300 400 500
T(°C) T(°C)

Fig. 5. TPSR profiles with 250 ppm NO, 750 ppm ethanol and 7% O, over (a) H-ZSM-5 and (b) Ag/H-ZMS-5 and with 250 ppm NO,, 750 ppm ethanol and 7% O, over (c)

H-ZSM-5 and (d) Ag/H-ZMS-5; total flow of 250 mLmin~'.
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Fig. 6. TPSR profiles with 250 ppm NO;, 500 ppm propane and 7% O, over Ag/H-
ZMS-5; total flow of 250 mL min~"'.

3.2.2. NO reduction over H-ZSM-5 and Ag/H-ZSM-5

Fig. 5(a) shows TPSR of Ag/H-ZSM-5, which was performed with
750 ppm ethanol, 7% O, and 250 ppm NO. NO adsorbs on the cata-
lyst from RT until 80°C and reaches a small desorption maximum
at 90°C, after which NO concentration is always below 250 ppm.
Over H-ZSM-5 (Fig. 5(b)), there is a NO adsorption from RT to
55°C, followed by a greater desorption maximum at 80°C. The
greater NO desorption over H-ZSM-5 compared to Ag/H-ZSM-5 can
be explained by the formation of N,O and NO, presence on the
Ag/H-ZSM-5 TPSR, which practically does not occur over H-ZSM-5.

A maximum NOy conversion of 48% is reached at 500°C over
Ag/H-ZSM-5 (Fig. 5(a)). A small N,O formation occurs at low
temperature (maximum of 25 ppm at 80°C). On the other hand,
H-ZSM-5 catalyst (Fig. 5(b)) has a small N, O formation (maximum
of 10 ppm at 250°C) and a low NOy conversion (maximum of 19%
at 500°C).

Concerning ethanol conversion into COx, over H-ZSM-5 catalyst,
there is similar hydrocarbon conversion to CO but lower conversion
to CO, compared to Ag/H-ZSM-5.

It should be noted that repeating runs with the same sample
showed that no catalyst deactivation occurred in the studied tem-
perature range over both catalysts.

3.2.3. NO; reduction over H-ZSM-5 and Ag/H-ZSM-5

When NO is replaced by NO, in the feed, completely differ-
ent NOy, N,O and COy concentration profiles are obtained in the
TPSR experiments performed with Ag/H-ZSM-5 (Fig. 5(c)). The
most notorious feat is that almost no NO, is detected on reactor
exit through the experiment. Therefore, almost all NO, fed to the
reactor was converted into NO. In another TPSR run made with
500 ppm propane, 7% O, and 250 ppm NO, (Fig. 6), this almost
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complete NO, conversion to NO did not take place. As such, this
reaction only occurs when ethanol is co-fed with NO, and it takes
place even in the absence of O, (Fig. 7(a)). It should also be noted
that conversion of NO, occurs at RT and immediately after the
feed was put into contact with the catalyst. A gas-phase reaction
between ethanol and NO, can be discarded because, in the by-
pass made before the TPSR, only NO, was detected by the NOy
analyser. Furthermore, this NO, conversion to NO is also verified
over H-ZSM-5 (Fig. 5(d)). Therefore, ethanol must react with NO,
over the zeolite acid sites to originate NO and partially oxidized
hydrocarbons (such as acetaldehyde) according to the following
reaction:

NO;, + C;H50H = NO + CH3CHO + H,0 (2)

Yeom et al. [6] had already observed acetaldehyde by IR spec-
troscopy performed over a silver-exchanged Y zeolite. However,
acetaldehyde (m/z=29) was not detected by MS until about 120°C
(Fig. 8), which could be explained by adsorption on the zeolite until
this temperature.

Moreover, following the desorption maximum, a great decrease
in NO concentration, which leads to a minimum of 50 ppm of
NO at 130°C, occurs (Fig. 5(c)). This decline in NO concentration
is not accompanied by an increase in N,O or N, (m/z=28, not
shown), meaning that NO concentration does not decrease due to
conversion into N, O (unselective catalytic reduction) or N, (selec-
tive catalytic reduction). However, N, O formation occurs with two
maxima, one at 80°C and a second one at 200 °C.

Analysing now CO and CO, concentration profiles for the TPSRs
experiments over H-ZSM-5 and Ag-H/ZSM-5 (Fig. 5), in the pres-
ence of NO, instead of NO, there is more CO, formation. It seems
that NO, presence promotes total hydrocarbon oxidation which
leads to CO,. This feat is more pronounced over H-ZSM-5.

3.2.4. Steady-state NOyx conversion to N, at 500°C

N, formation is difficult to identify by mass spectrometry due to
interference with CO (m/z=28). Therefore, only when there is no CO
formation it is possible to clearly attribute the fragment m/z=28 to
N,, which is only valid in the low temperature region of the TPSR
tests. Therefore, in order to evaluate N, formation, which comes
from deNOy reaction, steady-state conversion points were taken at
500°C. Assuming that there are no adsorbed N-containing species
over the catalyst surface and that the only N-containing species
exiting the reactor are NO, NO,, N,O and N, a mass balance to N-
containing species can be made in order to obtain the amount of
formed N, at 500 °C. The results of this mass balance are presented
in Table 1. It can be seen that the higher N, yield (48%) is obtained
over Ag/H-ZSM-5 when NO, is used instead of NO in the reactor
feed. It seems that NO, presence enhances N, formation over Ag/H-
ZSM-5. On the other hand, H-ZSM-5 catalyst shows significantly
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Fig. 7. TPSR (a) and MS (b) profiles of HyO (= == ), ethylene (— — — ), acetaldehyde (= = = ), acetonitrile (.......... ), =NCO (cereennnn ), acetic acid (. ) and CH3NO;

(

) with 250 ppm NO, and 750 ppm ethanol over Ag/H-ZMS-5; total flow of 250 mLmin~!. Acetic acid and CH3NO; signals were multiplied by 50.
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lower N, yields (21 and 24%). Moreover, NO replacement by NO,
in the reactor feeds does not affect N, yield.

3.2.5. MS analysis of reactor outlet

For all performed TPSR experiments, ethylene (m/z=27 and 26)
and H,0 (m/z=18) formation maxima were detected by MS at
around 240 °C, as canbe seenin Figs. 7(b) and 8. It is well known that
zeolites are effective catalysts for ethanol dehydration to ethylene,
due to their acidity:

C3H50H = CyH4 +H,0 (3)

Moreover, it was reported [16,17] that this reaction proceeds over
H-ZSM-5 type catalyst on the temperature range of 200-300°C,
which is consistent with the temperature at which the ethylene
and H, O peaks were detected. It should be noticed that, at the same
temperature of ethylene and water peaks, NO consumption can also
be found in all TPSR runs. Taking into account that N, (m/z=28, not
shown) formation was also detected in the TPSR performed with
250 ppm NO; and 7% O, (Fig. 7), this minimum can therefore be
correlated with C;H4 formation, which could act as a NO reducing
agent.

Table 1

Over Ag/H-ZSM-5 catalyst, reaction (3) is still present, but at
smaller scale: C;H4 peak in Ag/H-ZMS-5 is smaller than in H-
ZSM-5. This could be explained by a lower amount of ethanol
available to take part in this reaction due to other reaction path-
ways catalysed by Ag leading to ethanol consumption. One of these
reactions can be the ethanol oxidation by O, or NO, to acetic acid
(m/z=60), which can be described by the following global process
[6]:

CyH50H + 03 (0or2NO;) = CH3COOH + H,0(+2NO) (4)

In fact, an acetic acid peak with a maximum between 210 and 230°C
was detected on the TPSR experiments performed with Ag/H-ZSM-
5 (Fig. 8a and c), but only a small amount was detected with H-ZSM-
5 (Fig. 8(b) and (d)). In the absence of O,, (Fig. 7(b)), this reaction
still occurs, which is an evidence of NO, participation in reaction
(4). This process can be decomposed in two steps [6]:

NO, + C;H50H = NO + CH3CHO + H,0
NO, + CH3CHO = NO + CH3COOH

(2)
(5)

Acetaldehyde (m/z=29) is detected on TPSRs performed with H-
ZSM-5 or Ag/H-ZSM-5 and acetic acid (m/z=60) is only detected

NO, NO; and N,O concentrations analysed during reaction performed under steady-state conditions at 500 °C with 250 ppm NO or NO,, 750 ppm ethanol and 7% O,. N,

concentrations were calculated by mass balance to N-containing species.

NO (ppm) NO> (ppm) N>O (ppm) N> (ppm) N, yield (%)*
NO+EtOH +0, 162 0 0 44 35
Ag[H-ZSM-5 NO, +EtOH + 0, 129 0 0 60 48
HLZSM.5 NO +EtOH + 0, 122 67 0 30 24
e NO; +EtOH + 0, 182 16 0 26 21

2 N, yield =2 x N, formed/NOy inreactor feed
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on the second case, suggesting that reaction (5) is metal-catalysed,
taking place over Ag.

The same is valid for CH3NO, (m/z=61), which is
detected around 215°C only over the Ag/H-ZSM-5 catalyst
(Figs. 7(b), 8(a) and (c)). This compound can be assumed as an
RNOy-type molecule, which results from the interaction between
acetic acid and NO, [6], and according to several authors, it is a
possible intermediary in deNOy process [18,19].

On the other hand, the -NCO fragment (im/z=42), probably com-
ing from HNCO molecule, another possible intermediary in deNOy
chemistry [18], was also detected above 300°C in the presence of
either NO or NO, over both catalysts, H-ZSM-5 and Ag/H-ZSM-
5. It should be noticed that the m/z=42 fragment can also come
from acetaldehyde fragmentation. However, analysis of m/z=29,
the main fragment of acetaldehyde molecule, shows that this frag-
ment does not follow the same trend of m/z=42 fragment above
300 °C. This means that, above this temperature, m/z=42 fragment
does not come from acetaldehyde, but instead from the -NCO frag-
ment.

When only 750 ppm ethanol and 250 ppm NO, are used to per-
form the TPSR (Fig. 7(b)), the peak of the -NCO fragment (m/z=42)
becomes more intense. CH3NO, (m/z=61) formation was also
detected from 400°C up to 500°C. It is clear that, in O, absence,
there is no combustion of these compounds to COx and H,O. Fur-
thermore, after a TPSR with 750 ppm ethanol and 250 ppm NO,, the
Ag/H-ZSM-5 catalyst becomes much darker than after a TPSR with
750 ppm ethanol, 7% O, and 250 ppm NO,, evidencing that hydro-
carbon species or coke deposition over the catalyst is higher in O,
absence.

Another organo-nitro compound that was detected by MSis ace-
tonitrile (m/z=41). This compound started to form at around 150°C
in all TPSR experiments. With 750 ppm ethanol and 250 ppm NO,
(Fig. 7(b)), a large acetonitrile peak appeared from 300 °C to 500 °C.

The possibility of gas-phase reactions was not evaluated.
According to Niki et al. [20], NO; can react with ethanol according
to the following reaction:

C,H50H + NO; = C;H50NO + HN03 (6)

However, detection of C;H5ONO (ethyl nitrite) by MS is rather dif-
ficult because its three main mass fragments are common to NO
(m/z=30), acetaldehyde (m/z=29) and acetic acid (m/z=60). Thus,
the possibility of ethyl nitrite formation on the gas-phase or over
the catalyst could not be evaluated with the available experimental
apparatus.

3.2.6. deNOx mechanism approach

The detection by MS of several organic and organo-nitro com-
pounds allows to have an insight on the deNOy reaction mechanism
over H/ZSM-5 and Ag/H-ZSM-5 catalysts. Moreover, information
about the active sites (acid sites or metallic sites) can be obtained.

According to the mechanism proposed by several authors
[21,22], the first step in SCR-HC with NO is oxidation of NO to
NO, (reaction (1)). This reaction can take place over the zeo-
lite acid sites, but metallic sites can also participate and have a
higher ability to perform the oxidation of NO to NO,, as it was
shown previously in Section 3.2.1. Moreover, this reaction is not
the rate-limiting step on the NOx conversion to N, because similar
NOy conversions are attained when NO is replaced by NO, in the
reactor feed.

The second step is the oxidation of the reducer (HC) by the NO5,
producing partial oxidized hydrocarbon species (HCxOy) and NO:

NO, + HC = HCx0, +NO (7)

This function corresponds to reactions (2) and (5), with either
acetaldehyde or acetic acid as the partial oxidized hydrocarbon
species. This function takes place over the zeolite acid sites but

is greatly enhanced when silver is added to the zeolite, leading to
a higher formation of acetaldehyde and acetic acid (Fig. 8). Taking
intoaccountthatall NO, is transformed into NO when the TPSR runs
are performed with NO, in the feed, it is clear that this function is
highly effective over H-ZSM-5 and Ag/H-ZSM-5 catalysts.

Finally, the third function of the mechanism involves the reduc-
tion of NO to N, and the oxidation of the HCxOy species:

HCxOy +2NO = Ny +H,0 + CO, (8)

This step seems to be favoured over the metallic sites, because
higher NOy conversions are attained over Ag/H-ZSM-5. CH3NO,
and HNCO species identified by MS (Figs. 7(b) and (8)) correspond
to intermediate species of the third function. As NOyx conver-
sion was not observed during the TPSR performed with 750 ppm
ethanol and 250 ppm NO, over Ag/H-ZSM-5 (Fig. 7), it becomes
clear that O, must be needed in some intermediary step of reac-
tion (8) to transform HNCO and CH3NO,. This is corroborated
by a higher amount of these species detected by MS during this
TPSR.

4. Conclusions

A combination of characterisation techniques (H,-TPR, HR-TEM
and UV-vis spectroscopy) allowed the identification of Ag* and Ag®
species over Ag/H-ZSM-5. TPSR experiments with NO and O, over
this catalyst showed that it possesses the ability to oxidize NO to
NO,. A maximum of 150 ppm NO, is attained at 185°C.

When NO is replaced by NO;, NOy conversion is not significantly
affected on the high temperature range (above 300 °C) over H-ZSM-
5 and Ag/H-ZSM-5 catalysts. On the other hand, a reaction between
ethanol and NO, over these catalysts converts all NO, to NO, while
forming partial oxidized hydrocarbons such as acetaldehyde.

Ethanol reactions, such as dehydration to C;H4 and partial oxi-
dation to acetaldehyde or acetic acid, were also observed on the
studied temperature range.

Steady-state NOy conversion to N, was evaluated at 500 °C over
H-ZSM-5 and Ag/H-ZSM-5 and it was found to be higher over Ag/H-
ZSM-5 (48% vs. 24%). Similar NOy conversions were attained with
NO or NO, in reactor feed.

Formation of RNOy compounds (CH3NO,), cyanides (acetoni-
trile) and iso-cyanates (HNCO) was put into evidence. These
compounds can be intermediaries of the deNOy process. Nonethe-
less, deNOy activity with ethanol is rather low under the tested
conditions: maximum NOy conversion of 48% is obtained at 500 °C
over Ag/H-ZSM-5 catalyst.

Detection by MS of several organic and organo-nitro com-
pounds allowed an approach to the deNO, reaction mechanism over
H/ZSM-5 and Ag/H-ZSM-5 catalysts.
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