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Steady-state and transient activities of a 1.47 wt% Cu-MFI
(Si/Al = 27) catalyst in the selective catalytic reduction of NOx with
hydrocarbons (HC) were investigated in the 473–723 K temperature
range with propene and propane as reducers. Under steady-state
conditions (1000 ppm NO + 1700 ppm HC + 5% O2), propene gives
the highest NO conversion at 673 K while propane is a reducer
which is much better at 573–623 K. Transient activities were also
investigated by comparing the NO conversion in the presence of
O2 after different pretreatments in HC or HC + NO. On the fresh,
non-pretreated catalyst, a NO uptake can be observed without any
formation of N2. Reacting the pretreated catalyst with NO + O2

leads to transient formation of N2 and CO2 with the following effi-
ciency of the hydrocarbons: propene > propane. The pretreatment in
HC + NO is significantly better than in HC alone and leads to forma-
tion of nitrogen-containing species which are further decomposed
into N2 and CO2, but only in the presence of O2. These nitrogen-
containing species cannot react with NO alone. c© 1996 Academic

Press, Inc.

INTRODUCTION

Selective catalytic reduction with hydrocarbons (HC-
SCR) is at present the purpose of intensive research to
develop a catalytic system capable of removing nitrogen
oxides (NOx) from the exhaust gases of diesel and spark
ignition lean-burn engines. Due to the large excess of oxy-
gen in the exhaust gases, typical three-way catalysts are in-
efficient. Although catalysts which are more resistant to
sintering and to poisoning and more active at low temper-
atures are being developed, copper-exchanged MFI zeolite
catalyst remains a reference HC-SCR catalyst (1–5). How-
ever, the role of the hydrocarbon added as NO reducer
is not yet fully elucidated. Some authors have suggested
that hydrocarbon removes adsorbed oxygen when the re-
action proceeds through NO decomposition (6–8). Differ-
ent mechanisms of NO reduction have also been proposed
in which the hydrocarbon molecule was considered to be a
precursor of:

1 To whom correspondence should be addressed. Fax: (33) 49 45 34 99.

(i) nitrogen-containing compounds formed from NO2

with an oxidation degree of the N atom greater than 2 (9–
11) or from isocyanate or nitrile with an oxidation degree of
the N atom smaller than 2 (12–15) (these compounds then
decomposed into N2 and carbon oxides (16, 17));

(ii) more active oxygenated compounds than the start-
ing hydrocarbon (16, 18–20) ;

(iii) CHx deposits on the catalyst participating in the NOx

reduction (21, 22).

In the present work, we compare the steady-state activi-
ties of propene and propane of a 1.47 wt% Cu-MFI catalyst
and examine the relationship between hydrocarbon reac-
tions and NO reduction. A search for possible intermedi-
ates has been carried out in the study of steady-state and
transient activities in order to investigate the mechanism.

EXPERIMENTAL

The Cu-MFI catalyst was prepared in the conventional
way by cationic exchange with a Cu(NO3)2 solution on a
MFI zeolite of atomic ratio Si/Al= 27. It contains 1.47 wt%
copper which corresponds to an exchange level of 79%.
Copper dispersion determined by NO thermodesorption
amounted to 42% (23).

Catalytic tests were carried out in a dynamic reactor un-
der temperature programmed conditions. The reactant mix-
ture was composed in volume of 1000 ppm NO, 1700 ppm
HC (propene or propane), 5% O2 and as a make-up gas,
helium. High purity gaseous components nitrogen oxide
(1.5% in He), propene (1% in He), propane (3% in He),
dioxygen (10% in He), and helium were obtained from
Air Liquide. Gas flow rates were monitored by mass flow
controllers.

The experiments were carried out at a space velocity of
10,000 h−1 calculated with respect to the zeolite volume. The
catalyst (100 mg portion) was used for the reaction after
overnight oxidation in air at 723 K and cooling to 473 K
under He flow. Steady-state activity was studied between
473 and 723 K by increasing the temperature in intervals
of 20 K.
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Continuous analysis of the effluent was performed
on-line with three chromatographs: one TCD with a
Chrompack molecular sieve 13X column to separate N2,
O2, CO, a second TCD with an Interchim Porapak Q col-
umn to evaluate CO2 and N2O (no N2O was observed in our
reaction studies), and a FID with a Chrompack Poraplot Q
to separate hydrocarbons from C1 to C6. NO conversion
and NO2 formation were determined by coupling the gas
outlet to a QMA 120 Balzers quadrupole mass spectrome-
ter. Care was taken to carry out the experiments in such a
way as to avoid saturation by helium since this gas was an
internal standard for quantification of reactants and prod-
ucts. The background levels for the N2 and O2 which were
always present were considered in the analysis.

Attempts to detect oxygen- or/and nitrogen-containing
compounds have been carried out using mass spectrometry
coupled to gas chromatography (GC-MS). Products from
the reaction C3H6+NO+O2 were trapped in liquid N2 for
1 h, separated on a Chrompack Poraplot Q capillary col-
umn with a temperature program from 310 K (5 min) to
510 K (5 K min−1), and detected on an Incos 500 Finnigan
quadrupole mass spectrometer.

The reaction mechanism of NO reduction was investi-
gated by means of a transient response method. The in-
fluence of three different treatments, HC, HC+NO, and
NO+O2/HC, on NO conversion in the presence of O2 was
studied by step-change experiments. The procedure is de-
scribed in Fig. 1. For these experiments, 100 mg of catalyst
was oxidized under air at 723 K for 1 h and cooled down
under He to the temperature of reaction (673 K).

Products and unconverted NO were collected in the
QMA 120 Balzers mass spectrometer during the transient
reaction test. Results are given as the percentage of NO
converted (mass 30 minus the contribution of NO2), the
relative intensities of the N2 (mass 28 minus the contribu-
tion of CO2) and CO2 (mass 44) formed. NO2 formation was
also followed (mass 46). By chromatography the absence of
CO (mass 28) and N2O (mass 44) was checked during the
NO+O2 response. Blank experiments were carried out to
determine the outlet profiles of NO and HC corresponding

FIG. 1. Conditions of transient activity measurements (673 K, GHSV
10,000 h−1). Pretreatment: 5000 ppm C/45 min (HC) or 5000 ppm
C+ 1000 ppm NO/45 min (HC+NO) or 1000 ppm NO+ 5% O2/45 min
followed by He/30 min and then 5000 ppm C/45 min (NO+O2/HC).

to the purging of the dead volume gas initially filled with
pure He.

RESULTS

Steady-State Activity

Figure 2 shows the NO conversion into N2 and the hy-
drocarbon conversion into CO and CO2 in the above-
mentioned temperature range studied. Propene displays a
slightly better performance (maximum NO conversion of
85% at 638 K for C3H6) than propane (80% at 583 K for
C3H8).

The onset temperature of NO reduction is around 623 K
for propene, while for propane the reaction starts at 523 K.

Propene also differs from propane with respect to its tem-
perature of the maximum activity window: propane main-
tains 80% of NO conversion over a large window from 593
to 723 K, while for propene there is a definite maximum
at 683 K. The decrease in activity observed with propene
at high temperature could be due to a negative effect of
coke (24). Indeed, the catalyst sample after a catalytic test
with propene turned dark gray, while like the fresh oxidized
catalyst it remained light blue with propane. Under our ex-
perimental conditions, the uptake of coke by the catalyst
(determined by TPO) reached 200 µmol C/g. Dealumina-
tion and sintering involved by steam produced in the reac-
tion could be another cause for the change in color (25).
This was unlikely since there was no hysteresis in the activ-
ity when the temperature was decreased from 723 to 453 K.

With respect to hydrocarbon conversion, propene shows
a rather complex behavior. At low temperature (< 523 K)
the hydrocarbon is strongly adsorbed on the catalyst: there
is a significant HC disappearance, yet no COx product is
formed and a negligible NO reduction is noticed. At an av-
erage temperature (523 K<T< 573 K), propene begins to
be converted by homologation and cracking (Fig. 3) with no
NO reduction. NO reduction and HC oxidation both start

FIG. 2. Conversion of NO into N2 and conversion of hydrocarbon into
CO, CO2 as a function of temperature over Cu-MFI. (a) GHSV 10,000 h−1;
1000 ppm NO, 1700 ppm C3H6, 5% O2; (b) GHSV 10,000 h−1; 1000 ppm
NO, 1700 ppm C3H8, 5% O2.
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FIG. 3. GC-MS chromatogram of products in C3H6+NO+O2 reaction at 573 K. GHSV 10,000 h−1; 1000 ppm NO, 1700 ppm C3H6, 5% O2.

at 570 K. A temporary event occurred at about 623 K. Ex-
cess of N2 was formed for 20 min accompanied by a release
of CO and CO2. It is clear that the excess of N2 was due to a
deposit containing carbon and nitrogen. This transient phe-
nomenon was reported by Hayes et al. (14). Nevertheless,
as no hysteresis in the activity was found by increasing and
decreasing the reaction temperature, the deposit formed at
low temperature did not appreciably bias the results ob-
tained with propene.

However, with propane we have a different behavior.
Neither retention nor fragmentation of the hydrocarbon
are observed at low temperatures. The rise in NO con-
version occurs at 523 K accompanied by the beginning of
propane oxidation. No CO appears in the gas phase.

Analysis by GC-MS of the products of the reaction with
propene at 573 K (Fig. 3) allowed us to detect traces
of oxygenated products (acetaldehyde CH3CHO, ace-
tone (CH3)2CO, propanal C2H5CHO), nitro-products (ni-
tromethane CH3NO2), and nitrile products (ethane dinitrile
C2N2, acetonitrile CH3CN, acrylonitrile C2H3CN). Higher
hydrocarbons (benzene, toluene, xylene, and trimethyl ben-
zene) resulting from aromatization were also detected. At
673 K, minor products were completely oxidized.

We can consider that the three mechanisms quoted in
the Introduction for the transformation of the hydrocar-

bons can occur. In order to define the most valid of the
three, transient DeNOx activities of the catalyst have been
examined.

Step-Change Experiments

These experiments were carried out in two stages: first
there was a pretreatment of the catalyst and then there was
the NO+O2 reaction on the pretreated catalyst degassed in
helium. Figure 4 shows the change in the gas phase composi-
tion during the pretreatment stage of Cu-MFI in HC+NO
or HC alone.

There is no definite difference between treatments with
propene and with propane. Initially, there was a rapid NO
uptake for the two hydrocarbons (2 min) while in the case
of propene, HC uptake was longer (12 min) and the ini-
tial HC concentration was not recovered. This observation
indicates that NO and hydrocarbon uptakes were almost
instantaneous. The behavior of propene depended mainly
on the zeolite: first there was adsorption, followed by acid
catalysis (30% propene conversion at 673 K; see Fig. 5
for the detailed products of cracking and homologation in
the C3H6+NO reaction). Very small amounts of cracking
and homologation products were observed during treat-
ments with propane (<1% of propane conversion). For
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FIG. 4. Evolution of the gas phase composition during HC+NO and HC treatments at 673 K over Cu-MFI as a function of time. At t= 0 min,
the HC or HC+NO gas mixture in the bypass system was introduced to the catalyst which had been flushed with He (the reactor dead volume is
subtracted).

both hydrocarbons, a weak activity in NO reduction was
noticed during HC+NO treatment.

The effect of treatments by HC, HC+NO, and
NO+O2/HC (Fig. 1) on NO reduction at 673 K from a
NO+O2 reactant mixture is given in Tables 1 and 2 and in
Figs. 6 and 7. The fresh oxidized catalyst is inactive in N2 for-
mation when no HC treatment is carried out (no response
at 28 amu in Fig. 7), although we can observe an apparent
NO consumption resulting from an immediate NO uptake
on the catalyst before NO2 is formed (Fig. 6). Conversion of
NO into NO2 is around 25%, which accounts for the plateau
of NO consumption.

Pretreating the catalyst with either of the two hydrocar-
bons involves a positive effect on NO reduction in the pres-
ence of O2: N2 is formed accompanied by release of CO2

(Fig. 7). With respect to NO consumption, the catalyst is ac-

tive for longer than the untreated catalyst (Fig. 6). This ef-
fect is particularly obvious for propene and less marked for
propane. The parallelism between CO2 and N2 responses
indicates that oxidation of the carbonaceous material re-
sulting from the pretreatments is associated with NO re-
duction. After the transient N2 and CO2 formation, NO2

is formed similarly as in the experiment without treatment
with hydrocarbon.

Whatever the kind of treatment used, the order of hydro-
carbon reactivity in NO conversion into N2 in this transient
method is C3H6>C3H8 and it correlates with the amount of
oxidized carbon formed during treatment (Tables 1 and 2).
It is clear that carbon deposition is easier with alkenes (26).

Specific indication on the nature of these deposits can
be obtained from the effects of the different treatments
on NO reduction in the presence of O2. HC treatments
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FIG. 5. GC-MS chromatogram of products in C3H6+NO reaction at 573 K. GHSV 10,000 h−1; 1000 ppm NO, 1700 ppm C3H6, 5% O2.

as well as NO+O2/HC treatments (HC preceded by a se-
quence NO+O2) give similar N2 amounts. For both hydro-
carbons, the HC+NO treatment is the more favorable for
NO reduction. This observation suggests that both gaseous
NO and nitrogen-containing species can give N2 after the
HC+NO treatment.

By further experiments we investigated in more detail
what happens when the catalyst is treated with C3H6+NO
at 673 K (Fig. 8 and Table 3). The presence of nitrogen-
containing species is proved when O2 is injected alone after
C3H6+NO treatment, O2 being the essential agent to acti-

TABLE 1

Amounts of N2 and CO2 (Per Gram of Catalyst) Formed during
Transient Activities of Treated Cu-MFI with C3H6 at 673 K

Reaction NO+O2
b formed products

Treatmenta N2 (µmol g−1) CO2 (µmol g−1)

C3H6 0.48 4.2
C3H6+NO 2.1 5.8
NO+O2/C3H6 0.52 5.5

a GHSV 10,000 h−1; 1000 ppm NO, 1700 ppm C3H6, 5% O2; treatment
time, 45 min.

b GHSV 10,000 h−1; 1000 ppm NO, 5% O2.

vate these species on which NO alone cannot react (Fig. 8a).
Nitrogen monoxide reduction with propene seems to re-
quire imperatively these species since the transient activity
in the case of NO(0.1%)+O2(5%) introduction does not
show a significant conversion of gaseous NO.

Apparently the carbonaceous deposits are poor NO re-
ducers (Fig. 7); it was essential to show that they could
play a role in the formation of nitrogen-containing species.
When NO is in contact with a catalyst pretreated with C3H6

(Fig. 8b), it is not reduced (no N2 formed) but adsorbs and
probably reacts with carbonaceous deposits to form the

TABLE 2

Amounts of N2 and CO2 (per Gram of Catalyst) Formed during
Transient Activities of Treated Cu-MFI with C3H8 at 673 K

Reaction NO+O2
b formed products

Treatmenta N2 (µmol g−1) CO2 (µmol g−1)

C3H8 0.07 1.1
C3H8+NO 0.4 0.9
NO+O2/C3H8 0.01 1.7

a GHSV 10,000 h−1; 1000 ppm NO, 1700 ppm C3H8, 5% O2; treatment
time, 45 min.

b GHSV 10,000 h−1; 1000 ppm NO, 5% O2.



            

TRANSIENT DeNOx ACTIVITY OF Cu-MFI 15

FIG. 6. Transient NO consumption following the introduction of
NO+O2 at 673 K as a function of time over Cu-MFI treated with (a)
propene or (b) propane by (m) HC, (d) HC+NO, (+) NO+O2/HC;
comparison with the introduction of NO+O2 at 673 K over the fresh cat-
alyst (×). (The apparent NO consumption in experiment (×) corresponds
to the reactor dead volume). Step change procedure as in Fig. 1. Reactant
gases: 1000 ppm NO, 1700 ppm C3H6 or C3H8, 5% O2, GHSV 10,000 h−1.

same species as those occurring during the C3H6+NO pre-
treatment (Fig. 8a): O2 can in each case decompose these
nitrogen-containing species into N2. After treating the cat-
alyst first with C3H6 and with NO (Fig. 8b) the introduction
of O2(5%) leads to the formation of N2 and CO2. The same
result is obtained after treating with a mixture C3H6+NO
(Fig. 8a) except that there is a greater amount of N2 formed
in this case. NO cannot adsorb at 673 K on the fresh cata-
lyst. Therefore, if the treatment by NO precedes the one by
C3H6 (Fig. 8c), there will be no formation of N2.

Figure 9 gives a general summary of results obtained in
the transient experiments.

DISCUSSION

Our results support the mechanistic hypothesis that
the intermediate state of the reducer molecule can be a

FIG. 7. Transient N2 and CO2 formation following the introduction
of NO+O2 at 673 K as a function of time over Cu-MFI treated with (a)
propene or (b) propane by (m) HC, (d) HC+NO, (+) NO+O2/HC;
comparison with the introduction of NO+O2 at 673 K over the fresh
catalyst (×). Step change procedure as in Fig. 1. Reactant gases: 1000 ppm
NO, 1700 ppm C3H6 or C3H8, 5% O2, GHSV 10,000 h−1.

FIG. 8. Relative amounts of N2 and CO2 produced in step change
experiments over Cu-MFI treated with C3H6+NO and over Cu-MFI
treated with C3H6 at 673 K. (a) Sequences following C3H6+NO treat-
ment: 1000 ppm NO or 1000 ppm NO+ 5% O2 or 5% O2. (b) Sequences
following C3H6 treatment: 1000 ppm NO and then 5% O2. (c) Sequences
following NO treatment: 1000 ppm C3H6 and then 5% O2. Duration of
each step was 45 min. Reactant gases: 1000 ppm NO, 1700 ppm C3H6, 5%
O2, GHSV 10,000 h−1.
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TABLE 3

Amounts of N2 and CO2 (per Gram of Catalyst) Formed in Step
Change Experiments over Treated Cu-MFI with C3H6 + NO and
over Treated Cu-MFI with C3H6 or NO at 673 K

Formed products

Treatmenta Reactionb N2 (µmol g−1) CO2 (µmol g−1)

C3H6+NO NO 0 0
or NO+O2 2.1 5.8
or O2 1.7 6.3

C3H6 NO 0 0
then O2 0.3 5.5

NO C3H6 0 0
then O2 0 6.9

a GHSV 10,000 h−1; 1000 ppm NO, 1700 ppm C3H6; treatment time,
45 min.

b GHSV 10,000 h−1; 1000 ppm NO, 5% O2.

nitrogen-containing deposit. The role of carbonaceous ma-
terial in NO reduction and its nature have been much dis-
cussed on the Cu-MFI catalyst. In the case of propene, nitra-
tion reaction is one where O2 is supposed to activate NO to
form Cu-NO2 species (22) or nonadsorbed NO2 (25) which
decompose on carbonaceous material. Another proposi-
tion argues that the role of carbon deposits is very small
and that the active reducer is propene itself which can be
stored in the zeolite network (7). Analysis of deNOx reac-
tion with propene in situ on Cu-MFI by XANES has shown
the presence of hydrocarbon species on copper, suggesting
the formation of a possible CuI–CHx complex (26). Addi-
tion of NO to copper-alkyl species could form N-nitroso-
N-alkylhydroxylamate species (12).

Nitrogen-containing species are beginning to be pro-
posed as possible reaction intermediates. Figure 4 shows
that the reaction of NO with HC during the pretreatment
stage is very fast so that the formation of CHxNy species can

FIG. 9. Results of transient activity experiments of selective NO re-
duction by propene.

be considered extremely rapid under reaction conditions.
Activation of this deposit by O2 results in the formation of
N2 and CO2 with propene (Fig. 8) and has also been ob-
served with propane. O2 is needed to decompose stored
nitrogen-containing species resulting from reaction of NO
with propene. This has already been shown by Hayes et al.
(14). Reactions involving nitrogen-containing species could
explain the formation of NH3 and HCN recently reported in
the HC-SCR reaction (27, 28). The surface species resulting
from the HC+NO sequence could be fulminate (-CNO)-,
isocyanate (-NCO)-, and amine (-NH2)-adsorbed species
since such species have been observed by IR in the case
of the C3H8+NO reaction on our catalyst (24, 29). Iso-
cyanates and nitriles have already been proposed as possi-
ble intermediates located on copper sites and reacting with
NO to form N2, CO2, and CO (13). Cu(NxOy)z species have
been detected recently at the temperature of maximum NO
reduction by propene (9).

Correlation between the formation of the surface species
and the formation of nitro and nitrile products in the
steady-state experiments can be made. The results given
in Table 4 and Figs. 3 and 4 emphasize the following points.
Nitrile compounds are detected in both C3H6+NO and
C3H6+NO+O2 reactions but their concentration is higher
in the presence of O2 (significant formation of C2N2). No
adsorbed nitrile compounds have been mentioned. They
could be the undesirable side-products from a partial oxi-
dation of -NH2 species (30) or precursors of active isonitrile
species CuN==C (31). The source of oxygenated compounds
is not obvious since at this stage of the study, acetaldehyde
and acetone were detected as the principal products in both
the reactions of C3H6+NO and C3H6+O2. The concentra-
tion of oxygenated compounds was higher in the presence
of O2, indicating that it is unlikely that these latter have the
role of intermediates in NO reduction. CH3NO2 found in
the presence of O2 is probably the product of C3H6+NO2

reaction in the gas phase (32).
From the above observations, some mechanisms which

have been proposed in the literature can be excluded:

TABLE 4

Relative Intensities of Minor Oxygen- and Nitrogen-Containing
Products at the Steady State of C3H6 + O2, C3H6 + NO, and C3H6 +
NO + O2 Reactionsa at 573 K

C3H6+O2 C3H6+NO C3H6+NO+O2

CHxOy
b 14 4 11

CHxNy
c 0 2 30

CHxNyOz
d 0 0 1

a GHSV 10,000 h−1; 1000 ppm NO, 1700 ppm C3H6, 5% O2.
b GHxOy for mainly aldehydes and ketones.
c CHxNy for nitriles.
d CHxNyOz for nitromethane.
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(i) Surface reaction of NO with H2: Dehydrogenation
and coking of C3H8 and C3H6 on the Brønsted acid sites
of the zeolite can produce small quantities of hydrogen.
However, the partial pressure of H2 is extremely low (33).
Moreover, in excess of O2, H2 is not a good reducer with
respect to hydrocarbons (34). Nitrogen oxide reduction by
H2 is most unlikely.

(ii) Surface reaction of NO with CHx intermediates: As
shown by the results of transient activities comparing the
effects of HC and HC+NO treatments over the catalyst,
the scheme of a direct reactive carbon material cannot be
retained. It cannot be accepted in the case of propane whose
carbon deposit is low (24). There is rather a surface reaction
on NO with CHx species which leads to the formation of
nitrogen-containing intermediates.

(iii) Surface reaction of NO with CHxOy intermediates:
Our results show that partially oxygenated products do not
play a role in NO reduction since their formation depends
only on oxygen partial concentration. Moreover, the hy-
pothesis of their role as reaction intermediates is less ac-
cepted (7, 22).

Thus the scheme of N-containing species involving
NO+ hydrocarbon and activated by O2 appears to be the
most appropriate pathway. Among the possible reactive N-
containing species, nitro species have been proposed in the
recent literature. Nitromethane is known to yield N2 eas-
ily on Cu-MFI (35), Pt/SiO2 (36), and Ce/ZSM5 (37) in the
presence of O2. On Cu-MFI, the reactivity of nitro species
is preferred to direct decomposition of NO2 in the gaseous
phase by hydrocarbon (38). However, the aforementioned
adsorbed species (-CNO, -NCO, -NH2), in which the oxi-
dation state of nitrogen is -III, are most likely to be more
reactive with O2 than nitrogen surface species with a higher
oxidation state of nitrogen (-N+IO, -N+IIIO2, -N+VO3).
Reactivity of nitro species could be rather due to a trans-
formation to N2 via an intermediate reacting with O2: iso-
cyanate species have been proposed as a possible interme-
diate (37).

The most valid mechanistic scheme in the selective NO
reduction by C3H6 is summarized in Fig. 10.

The results obtained in steady-state experiments showed
that propane was as good a reducer as propene in the re-
action of HC+NO+O2 (Fig. 2). The difference in activity
between C3H6 and C3H8 cannot be explained by a block-
age of the active sites by the deposit at low temperature
since there is no hysteresis in the activity. Yet very little
N2 was obtained after activating the catalyst pretreated
with C3H8+NO with respect to the catalyst pretreated with
C3H6+NO (Fig. 7). The most likely hypothesis is that C3H8

produces less N-containing intermediates than C3H6 but
that the intermediates from propane react very fast with
O2 over a large temperature range: complementary GC-
MS analysis showed that the N-containing products in the
gas phase at the steady-state were in smaller quantities in

FIG. 10. Mechanistic scheme proposed for the selective NO reduction
by C3H6.

the gas phase in propane reaction than in propene reac-
tion. This point deserves further studies to elucidate the
exact role of the N-intermediates species in selective NOx

reduction with propane.

CONCLUSION

Cu-MFI appears to be quite an effective catalyst for NOx

reduction by propene and propane under oxidizing condi-
tions at about 623 K. With propene, cracking and adsorption
reactions occur at low temperatures before NO reduction
starts; Cu-MFI is deactivated at high temperatures by coke.
Propane is a good reducer even though it does not crack
and does not produce carbonaceous deposits.

Investigation of the mechanism by transient HC-SCR ac-
tivities has shown that a deposition of carbon in the absence
of O2 occurs on Cu-MFI, more abundantly with propene
than with propane. This carbon has a definite positive effect
on NO reduction only when it is deposited in the presence
of NO. Nitrogen-containing surface species are formed be-
tween carbon and NO. Oxygen is necessary to decompose
these species into N2 and CO2: there is no direct reduc-
tion of NO with carbon deposits and NO alone is unable to
decompose CHxNy (or CHxNyOz) species.
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