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Abstract

The role of the metal during the reduction of NO, by propylene in oxygen over alumina and silica-supported gold,
rhodium and platinum was studied. It was found that three parallel reactions take place, i.e., reduction of NO, to N, and
N, O, reduction of NO, to NO, and oxidation of propylene. It was also found that in the case of rhodium and platinum
catalysts, the reaction may proceed entirely on metallic sites and that the alumina and silica supports do not play a critical
role in determining the catalytic activity for NO, reduction. For gold catalysts, the reaction seems to involve a combination
of metal and support catalyzed processes. It was noted that the selectivity toward N, formation seems to be primarily

influenced by the nature of the metal. © 1997 Elsevier Science B.V.
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1. Introduction

The reduction of NO, to N, is a subject of
great interest, from both theoretical and practi-
cal aspects, as attempts are being made to get
more insight into the nature of the active sites
and to find catalysts and reaction conditions
which would maximize the catalytic activity for
the reduction of nitrogen oxides.

In the literature, the role played by different
constituents of the catalysts in the reaction
mechanism of NO, reduction is still not clear
because it seems to vary depending on the type
of the reactant and the catalytic systems used.
Another complicating factor is that it seems that

* Corresponding author. Fax: + 81-298-588259.

different mechanisms may be operable with dif-
ferent catalysts [1-5].

In an attempt to address the fundamental
question concerning the role of the metal in the
mechanism of the selective catalytic reduction
(SCR) of NO,, we studied the reduction of NO,
over alumina and silica-supported gold,
rhodium, and platinum catalysts so as to gain
insight into the possible role of metals during
this process.

2. Experimental
2.1. Catalyst preparation

The gold, rhodium and platinum catalysts
were prepared by impregnation of y-Al,0,
(KHS-24 from Sumitomo Chemical, initially

1381-1169 /97 /$17.00 © 1997 Elsevier Science B.V. All rights reserved.

PII S1381-1169(97)00106-4



152 G.R. Bamwenda et al. / Journal of Molecular Catalysis A: Chemical 126 (1997) 151-159

calcined in air at 600°C for 5 h, area 208 g
m~?) and silica (70-230 mesh, Merck) with
aqueous solutions of HAuCl, - 4H,0, RhCl; -
3H,0 and H,PtCl;- 6H,0, so as to yield 3
wt% metal loading. After impregnation, the
slurries were freeze dried overnight at 15 Pa,
then calcined in flowing air at 500°C for 5 h and
finally reduced at 400°C under 1 vol% H, for
15 h. The resulting powders were sieved to give
a 60—100 mesh fraction.

2.2. Catalyst characterization

The BET surface areas were determined us-
ing N, physisorption and a Nikkso 4232 ana-
lyzer. The dispersion of Pt and Rh were mea-
sured after activity tests by adsorption of CO
using the pulse adsorption technique and the
Ohkura R6015 system. The dispersion of Au
particles was not determined due to the lack of
an appropriate adsorbate.

Transmission electron micrographs (TEM) of
the catalyst samples were obtained with a JOEL
JEM-2000EX electron microscope. The metal
particle size distributions were obtained from
diameter measurements of up to 500 particles
per catalyst sample from TEM photographic
print enlargements, in a procedure similar to
that we have reported previously [6]. The
physicochemical properties of alumina sup-
ported catalysts are summarized in Table 1.

Table 1
Physicochemical properties of the catalysts

Catalyst Surface area®  Dispersion®  dyp.©
(m?/g) (%) (nm)

¥-Al,0, 208 — —

3% Au/Al, O, 177 nd.? 54

3% Rh/Al,04 172 75 0.9

3% Pt/AlL,O, 164 34 1.0

*BET surface area.

® Determined by CO adsorption.

¢ Mean diameter of metal crystallites, determined from TEM
micrographs (magnification: 400 000—2000000) by counting
100-500 particles for each sample.

4 Not determined due to the lack of an appropriate adsorbate.

2.3. Catalytic measurements

The catalytic experiments were performed in
a continuous flow tubular, quartz reactor (8 mm
L.D.) operated at atmospheric pressure. The cat-
alyst (200 mg) was packed into a 7-8 mm long
bed between plugs of quartz wool. The feed
consisted of the mixtures of ca. 1000 ppm NO,,
1000 ppm C;H, and 5% O,, with a He (UHP)
balance. The gas flow rates were controlled
with mass flow controllers, and the total flow
rate was maintained at 160 cm®/min (STP),
corresponding to a space velocity of ca. 27 000
h™!. The feed gases was passed downward
through the catalyst layer. After activity mea-
surements at a given temperature, by bypassing
the catalyst bed a background spectrum was
measured to determine initial concentrations of
NO, NO + NO,, N,0, CO and CO,. The equi-
librium for the reaction NO, = NO + 1/20, is
such that a small amount of NO and O, are
always present in NO, at room temperature
(Kpgx =723 X 1077) [7]. Thus in the NO,
feed, NO was initially present as a 0.6—1%
impurity. The temperature was monitored by a
thermocouple placed below the catalyst bed.
The activity data were acquired at steady state,
in an ascending temperature sequence followed
by a descending temperature sequence. The ob-
tained data had fairly good reproducibility.

2.4. Analysis

Total NO, (NO + NO,) in the feed and prod-
uct streams was analyzed with a chemilumines-
cent NO_ analyzer (Yanagimoto, ECL-77A).
The NO concentration was analyzed with a
Horiba CLLA-510SS analyzer. In repeated exper-
iments, the product concentrations of nitrogen
oxides were reproducible within +5%.

The N,, O, and CO in the effluent was
sampled and analyzed by gas chromatography
(GC) (Shimadzu, 14A) with a thermal conduc-
tivity detector (TCD), using 40 cm® min~' He
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as a carrier gas and a 2 m molecular sieve 13X
column at 70°C. The outlet N,O was analyzed
both with a Horiba VIA-510 analyzer and by
GC (Shimadzu GC-14B) equipped with a TCD
detector and a 2 m stainless steel column packed
with molecular sieves 13 X at 70°C. Carbon
dioxide and CO in the products were analyzed
with a non-dispersive infrared spectroscopic gas
analyzer (Shimadzu, URA 106). The identifica-
tion of the minor products was performed using
a Hewlett Packard HP5970B GC-MS.

The following expressions will be used in the
text. The conversion of NO, is defined as:

Xno, = ([NOZ]r + [NO]r - [Nozlp - [NO]p)
/[NO,], X 100

Selectivity to N, =[N,]/(IN,]+[N,0] %
100.

Amount of carbon in C;H, converted to CO,
and CO: e.g.,

CO, = [CO,], X 100/3[C,H,],.

where [NO, ] and [NOZ]p are reactor inlet and
exit NO, concentrations, respectively, and [N, ]
and [N,O] are the exit N, and N,O concentra-
tions, respectively.

3. Results

3.1. The NO,=NO + 1/20, reaction in the
absence of propylene

Fig. la shows the activities of the catalysts
for NO, decomposition into NO. Nitrogen and
N,O were not detected in the product stream.
For Rh and Pt catalysts, the conversion of NO,
to NO increased with temperature and quickly
attained equilibrium conversion levels at ca.
350°C and 400°C, respectively. At temperatures
> 400°C, the thermodynamic equilibrium
strongly favors the partial decomposition of NO,
into NO and oxygen. This reaction was slow on
Au and y-Al,0;, and the conversions were
always some distance from equilibrium. For

Au/Al,0;, the temperatures required for the
onset of NO, conversion to NO was > 350°C.
Also, pure y-Al,Oj; significantly converted NO,
to NO at temperatures > 400°C. The same re-
sults were obtained in repeated experiments with
another batches of y-Al,O, and new reactors.

When the feed was a mixture of NO and O,
(Fig. 1b), the oxidation of NO to NO, over
Rh/Al,O; and Pt/Al,O, increased progres-
sively with temperature passing over a maxi-
mum of 58 and 45% at ~ 350°C before declin-
ing to near equilibrium conversions of 44 and
42% at ca. 400°C, respectively. Only a slight
oxidation of NO was observed on Au, peaking
at about at 450°C. The y-Al,O, showed only a
marginal activity in NO, formation and it was
practically independent of temperature in the
tested range.

It follows from Fig. 1 that in large excess of
oxygen the equilibrium between NO, and NO is
approached rapidly on Rh/Al,O; and Pt /Al, O,
in the temperature range between 350-400°C,
but Au/Al,O, moves the reactants to equilib-
rium at temperatures > 500°C. The observed
differences in the relative effectiveness of the
catalysts for the NO,=NO +1/20, and its
reverse reaction may possibly be ascribed to
kinetic factors e.g., the differences in the disso-
ciative adsorption rates of nitrogen oxides and
oxygen, and the differences in the bonding
strengths of the species formed on the catalysts
surfaces. Finally, the results obtained in Fig. 1
suggest that the NO, =NO + 1/20, forward
and reverse reactions proceed on the same sites.

3.2. The NO,+ C;Hs+ O, reaction on alu-
mina and silica-supported catalysts

The principal products from the NO, + C,H,
+ O, reaction on both alumina and silica-sup-
ported catalysts were nitrogen, nitrous oxide,
nitric oxide, carbon dioxide and carbon monox-
ide, and water. A variety of minor side-products
such as cyanides, oxygenated products such as
HCHO, CH,CHO, C,H,CHO, (CH,),C=0,
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Fig. 1. Temperature dependence for (a) the NO, conversion to NO and (b) oxidation of NO to NO,. Feed: (a) NO, = 1000 ppm, O, = 5%;
(b) NO = 1000 ppm, O, = 5%, balance He. Flow rate, 160 cm®/min; catalyst, 0.2 g. The dashed line is the equilibrium conversion.

and small amounts of cracked products such
C,H, and C,Hy were also present. A more
detailed analysis of the minor products, and the
variation of product distribution with tempera-
ture will be published elsewhere [8].

The catalytic effects on the selective reduc-
tion of NO, over alumina (solid lines) and silica
(dashed lines)-supported catalysts are summa-
rized in Figs. 2-5. The conversion of NO, over
Pt and Rh supported on silica and alumina
increased with temperature, reached a maximum
at 250 and 300°C, respectively, and then de-
clined sharply with increasing reaction tempera-
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Fig. 2. Catalytic activities of silica {dashed line, closed symbol)
and alumina (solid lines, open symbol)-supported 3 wt% Au, Rh
and Pt for reduction of NO,. Conditions: NO, = 970 ppm, C;H
=1000 ppm, O, = 5%, balance He. GHSV = 27000 h™".

ture. Note that the maximum NO, conversions
are attained at lower temperatures than the tem-
perature of maximum NO oxidation to NO,,
and the temperature where NO, decomposition
into NO reaches equilibrium (see Fig. 1). The
activity curve of the Au catalyst was markedly
different from those of Rh and Pt. The NO,
conversion increased steadily with temperature
reaching conversions up to 52% at 400°C before
gradually falling off with temperature [9]. The
NO, conversion over y-Al,O, increased steadily
with temperature and remained near 100% at
temperatures > 400°C [10]. It is worth noting
that although NO, conversion curves of y-Al,O,
and Au/vy-Al,0, are somewhat similar, -
Al, O, is far more effective than the Au/Al,O,
catalyst in the investigated temperature range.
We will come back to this further in the text. In
an empty reactor, not shown, there was practi-
cally no measurable NO, conversion below
500°C.

The selectivity of N, and the undesirable
N,O production from NO, reduction are pre-
sented in Fig. 3. Platinum exhibited a poor
selectivity to N,, giving N,O as a predominant
product. The Au and Rh catalysts showed a
good N, selectivity, while y-Al,O, reached N,
selectivities ca. 90% at temperatures > 350°C.
Overall, y-Al,O; and Au/y-Al,O, are more
selective towards N, with a lower formation of
N,O.



G.R. Bamwenda et al. / Journal of Molecular Catalysis A: Chemical 126 (1997) 151-159 155

100
(a)
® 80
™

=z

o 60 7

hed . o~

2 R

£ \ |

= 40

g —(—Al203

E ——3%Au/AI203

(7] L —O—3%AWAIZO3 |

20 —0—3% PUAIRO3
--@-- 3%PYSIO2
--&-- 3%RN/SI02
0 . .

200 300 400 500

Temperature, °C

100 (b) —Al203

—— 3%AU/AIZO3
o —0—3%RN/A203 |
& gor —O—3%P1/AI203
o --@--3%PYSI02
> -8~ 3%ANn/SI02
° 60
2
>
pd
2 40| T
=
°
2
[} 4
wn 20¢

o

Temperature, °C

Fig. 3. Selectivity of NO, conversion to N, and N,O. Conditions as in Fig. 2.

Fig. 4 depicts the yield of CO and CO, from
the conversion of C;H during the reduction of
NO,. It is seen that on Au, Rh and Pt catalysts,
at temperatures greater than the optimum tem-
perature, the combustion of C;H, becomes a
predominant route. A notable feature here is the
simultaneous enhanced evolution of the C,H
oxidation products CO, and CO, and the onset
of the NO, conversion (see Fig. 2). Although
y-Al,O, was able to convert NO, to N, it gave
mainly CO in the process. A careful examina-
tion of Figs. 2 and 4 reveals that the low NO,
conversion over Au/Al,O, in comparison with
bare Al,O; can be attributed to the fact that at a
substantial amount of propylene is burned over
Au/Al,O; before it can selectively reduce NO,,
and this leads to the suppression of its activity.
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Fig. 5 shows the conversion of NO, to NO
from the NO, + C;H, + O, reaction as a func-
tion of temperature. At low temperatures, a high
conversion of NO, to NO, above equilibrium
NO, - NO + 1 /20, conversion, was noted on
Au, Rh and Pt catalysts. With increase in reac-
tion temperature, the NO composition eventu-
ally approached the equilibrium between 350—
400°C on alumina-supported catalysts and, at
ca. 400°C over silica-supported catalysts. On
Au/Al,O;, the NO yield fell below equilibrium
concentrations at temperatures greater than the
temperature of maximum NO, conversion (see
Fig. 2). Over pure Al,O,, the NO yield was far
below equilibrium and it remained more or less
constant before declining at temperatures >
350°C. Nearly the same conversions to NO
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Fig. 4. Conversion of C;Hg to CO and CO, as a function of temperature. Conditions as in Fig. 2.
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Fig. 5. Conversion of NO, to NO during the SCR of NO,.
Conditions as in Fig. 2.

were obtained in runs in which the reaction
temperature was raised to 500°C and lowered
again to 200°C.

It is evident from Figs. 2-5 that the tempera-
ture-dependent behavior, the percentage conver-
sions of NO, reduction to N, for alumina- and
silica-supported Rh and Pt catalysts are qualita-
tively quite similar; the most notable differences
are that the measurable conversion set in at
lower temperatures on alumina-supported cata-
lysts than on silica-supported catalysts, and the
disparity in the selectivity toward N, formation;
Rh catalysts exhibiting higher N, yields. Thus,

Table 2

Catalytic activities and products from the NO + C;H¢ + O, reaction

it appears that alumina and silica has little, if
any, direct effect on the NO, reduction process
over these catalysts. Surprisingly, only a minute
activity was observed over Au/SiO, and none
on bare SiO, at temperatures up to 500°C.

3.3. The NO + C;H, + O, reaction

In order to get the full picture on the reduc-
tion of nitrogen oxides over these catalysts, we
studied the NO + C;H¢ + O, reaction under
identical reaction conditions, and the results are
summarized in Table 2. In the case of Rh and Pt
catalysts, the qualitative comparison between
the NO +C;H;+ O, and NO, + C;Hg + O,
systems indicates similar behaviors from the
point of view of both products observed and the
temperature of maximum activity. For
Au/Al,O; and unsupported Al,QO,, the conver-
sion levels were lower than when the feed stream
was NO, + C;H¢ + O,, but here the conversion
levels of NO on Au/Al,O; was significantly
higher than that of bare Al,O;. This result
partially indicates that over bare alumina and
Au/Al,O;, NO, plays a certain role in the
reduction of NO. The results presented in Fig. 3
and Table 2 also suggest that the selectivity
with respect to N, seems to be primarily influ-
enced by the nature of the metal used.

Catalyst T2, °O) Conversion (%) Selectivity (%) Yield of NO, (%)
NO C,H, N, N,0
¥-AlLLO, 500 34 69 97 3 5
3% Au/Al,O, 450 41 94 94 6 4
3% Rh/Al,O, 300 44 98 62 38 21
3% Pt/Al,0, 250 49 99 42 58 16
3% Au/SiO, 450 2 10 89 11 6
3% Rh /SiO, 300 40 99 54 46 14
3% Pt /SiO, 250 58 99 44 56 5

Conditions: NO = 940-970 ppm, C;H, = 1000 ppm, O, = 5%, balance He. GHSV = 27000 h™".

*Temperature of maximum NO conversion.
No measurable activity was detected on bare silica.
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4. Discussion

The purpose of this study was to obtain
information concerning the catalytic reduction
of NO, and to investigate the role played by the
metal during the SCR process.

From the results presented above, the tested
catalysts can be divided into catalysts that are
active at low temperatures (Pt/Al,0, and
Rh/Al1,0;) and those active at relatively high
temperatures (Al,0,, Au/Al,O,).

4.1. Pure Al,O;

During the SCR of NO,, y-alumina has ex-
hibited a significant activity towards NO, re-
duction to N,, and NO, partial decomposition
into NO. This may be rationalized in the terms
of the following considerations: The surface of
v-Al,O, possesses both Lewis acid and basic
sites which have been confirmed by strong ad-
sorption of basic and acidic molecules [11].
Propylene can be activated on y-Al,0O; through
the interaction with Lewis acid sites and /or by
the concerted action of the basic and acidic sites
to form allyl complexes [12,13]. The interaction
of these adspecies with gas phase or adsorbed
NO and NO, complexes may lead to the forma-
tion of active intermediates which may eventu-
ally lead to the formation of the observed prod-
ucts. Recently, Sadykov et al. [14] provided
experimental evidence that stable nitrates, as
M-NO,; or M-ONO,, were adsorbed on +-
Al,O, and suggested that the interaction of
these strongly bound nitrogen oxides species
with activated hydrocarbons provide the selec-
tive reduction route observed on y-Al,O,.

4.2. Pt supported on y-Al,O; and SiO,

The remarkable feature of the data from plat-
inum catalysts is the great similarity in the NO,
conversion results over Pt supported on alumina
and on inactive silica. The peak NO, conver-

sion and kinetic behavior of Pt/Al,O, are very
similar to those of Pt/SiO,; it seems that, on
Pt-based catalysts, the SCR reaction may pro-
ceed predominantly on active centers of plat-
inum crystallites of the catalysts. In other words,
the support component contributes little to the
SCR of NO,. The high NO yields observed
from the SCR of NO, at lower temperatures
may be ascribed to the fact that, apart from the
direct decomposition of NO, shown in Fig. la,
NO is additionally produced from the interac-
tion between adsorbed propylene and NO,. Ni-
trogen dioxide has an unpaired electron. It is
known that NO, radicals can remove hydrogen
from saturated hydrocarbons, e.g., during the
nitration of CH, to form nitromethane via a gas
phase NO, + CH, reaction [15,16]. Thus, it
seems reasonable to speculate that during NO,
reduction, NO, can abstract an allylic hydrogen
from propylene to form NO, OH, propenyl
and/or allyl radicals, which may eventually
take part directly or indirectly in subsequent
NO, reduction reactions.

As is evident from Figs. 2 and 4, the NO,
reduction activity over platinum-based catalysts
passed through the maximum as the conversion
of C;Hg to CO, increased and approached a
100% level. This demonstrates that part of the
C;H, conversion process is initiated by the
interaction between NO, and C,H, species, as
described above. After passing the peak activity,
the NO, reduction activity falls with increasing
reaction temperature. The following explana-
tions can be sought for this behavior. At tem-
peratures higher than optimum temperature, the
fall in activity of Pt catalysts is related to the
decrease in surface coverage by nitrogen oxides
or its complexes, i.e., nitrites and /or nitrates,
and a decrease in organic adspecies due to
desorption and /or decomposition. These factors
decrease the NO, reduction rate, as we have
observed previously from in situ DRIFT spec-
troscopy studies [17,18]. Another explanation is
the competition for propylene between oxygen
(combustion process) and NO, species. A higher
temperature favors the C;H, combustion.
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4.3. Rh supported on y-Al,0; and SiO,

The trend and performance of Rh/Al,O,
were similar to that observed for Rh /SiO,. The
NO, SCR reaction profile for rhodium catalysts
was much the same to that observed in the case
of alumina and silica supported-platinum cata-
lysts. A notable exception is that Rh catalysts
displayed a slightly wide activity window with a
temperature of maximum NO, reduction ca.
50°C higher than that of Pt catalysts, and they
provided a better N, selectivity in the whole
temperature range examined. Similar activity
trends were noted in the NO + C;Hg + O, re-
action (not shown). Therefore, the observed cat-
alytic behavior of Rh catalysts can be explained
on the similar basis as that discussed above for
Pt catalysts.

When considering the commercial applica-
tion of Rh and Pt catalysts, it would be impor-
tant to minimize the formation of N,O which
contributes to both stratospheric ozone destruc-
tion and greenhouse warming {19,20].

At the temperature of maximum NO, conver-
sion, the N, /N, O concentration ratio in the exit
stream was about 0.3 and 1.6 for Pt and Rh
catalysts, respectively. In the NO + C;H¢ + O,
reaction, the N, /N, O ratio was 0.6 and 1.6, for
Pt and Rh catalysts, respectively (Table 2). Thus,
for Rh catalysts, the selectivity to N, was nearly
identical for the NO, + C;H, + O, and NO +
C,H¢ + O, systems, whereas over Pt catalysts
it was slightly better in the NO + C;Hy+ O,
system. The better selectivity to N, observed on
Rh catalysts can be attributed to the fact that Rh
catalysts have a good activity for N,O decom-
position to dinitrogen. When we used the same
Pt and Rh catalysts, to investigate the N,O
(0.1%) + O, (5%) /He reaction, the steady-state
rates for N,O decomposition were 3.6 and 5.7
X 10° umol(N,0) g~ h™! for 3% Pt/Al,0,
and 3% Rh/Al,O; at 300°C, respectively. At
400°C, the N,O decomposition rates were 20
and 24.4 X 10> umol g~! h™' for 3% Pt/Al,0,
and 3% Rh/Al,0;, respectively. On 3%
Rh/AlL,Q,, the temperature of 50% (T,) de-

composition of N,O for the N,O + O, reaction
was ca. 400°C [21,22]. Thus, the N,O decompo-
sition performance of Pt/Al,O; is negligible in
comparison to that of Rh /Al,O;. Therefore, the
observed differences in the N,/N,O ratio be-
tween Pt and Rh catalysts during the SCR of
NO, may be interpreted on the basis of the fact
that Rh exhibits a significantly higher activity
for the decomposition of N,O to N, than Pt
catalysts.

Work is underway in our laboratory to de-
velop catalysts for N,O decomposition after a
NO, reduction stage. Preliminary results show
that hydrotalcit derived catalysts, e.g.,
ZnAIRh-HTIc (0.8 wt% Rh) with a T, =
350°C, are prospective candidates for practical
application even in the presence of water [22].
With such a catalyst, the overall conversion of
NO, to N, can be improved and catalytic effi-
ciencies of industrial relevance can be obtained.

4.4. Au supported on y-Al,O; and SiO,

The impregnation of gold on alumina slightly
enhanced the activity for oxidation of NO to
NO, (Fig. 1b), and led to the formation of a
relatively large amount of NO during the SCR
of NO, than that noted over bare alumina (Fig.
5). Over Au/SiO,, mainly a non-selective in-
teraction between C;H4 and NO, leading to the
formation of NO and O, was noted; only a
negligible NO, reduction activity to N, was
observed. The fact that the activity of Au/Al,O,
towards NO, reduction was lower than that
observed over bare Al,O, implies that gold on
the alumina masks some of the sites on the
alumina and makes them inactive for reduction
of NO,. On the other hand, Au/Al,O, dis-
played a better activity in the NO + C;H4 + O,
reaction. In this case, it appears reasonable to
assume that, the reaction may involve a combi-
nation of metal and support catalyzed processes,
where Au assists Al,0; in the formation of
NO,, which is then mostly reduced to N, and
small amounts of N,O on active sites of Al,O;.
It may be added here that, the fact that the SCR
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of NO, proceeds at such reasonable rate in spite
of much of the NO, being converted to NO
suggests that the propagation of the NO, reduc-
tion may take place via an interaction between
activated C;H, species and either NO or NO,.

5. Summary

The Rh and Pt catalysts showed a relatively
high NO, reduction activity in the 250-300°C
temperature range but with a narrow tempera-
ture window over which the catalysts are effec-
tive. Gold and alumina showed a low activity
towards NO, decomposition in the absence of
propylene, moderate SCR activities at high tem-
peratures with a broad temperature window, and
a remarkably high NO, conversion selectivity to
N, as compared with N,O.

The kinetic behavior and performances of
Rh/Al,O; and Pt/Al,O, are very similar to
that of Rh/SiO, and Pt/SiO, indicating that,
in the case of Rh and Pt catalysts, the supports
Al,0, and SiO,, contribute little to the catalytic
activity for NO, reduction. The important factor
appears to be the reaction dynamics between
competing reactions, €.g., between the reduction
of NO, to N, and N,O, NO, partial decomposi-
tion to NO and, combustion of propylene on the
surfaces of rhodium and platinum or their ox-
ides. In the case of gold catalysts, the reaction
may involve a combination of metal and support
catalyzed processes.

Since the both NO, + C;H, + O, and NO +
C;H, + O, reactions proceed at comparable
rates over Rh and Pt, this suggests that the
oxidation of NO to NO, is not a prerequisite for
the SCR reaction to proceed over Pt and Rh
metals. Such an initial NO pre-oxidation step
seems to be necessary on catalysts like alumina
or alumina-supported gold.

Finally, the present results also suggest that
the selectivity with respect to N, seems to be

primarily influenced by the nature of the metal
used.
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