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a  b  s  t  r  a  c  t

The  aim  of this  work  is  to study  the activity,  for  the  selective  catalytic  reduction  (SCR)  of  NOx with
hydrocarbons,  of  different  containing  cobalt  zeolites,  with  different  typologies  and  compositions.  It has
been found  that in  order to obtain  an  active  catalyst  for this  reaction  is necessary  that  the  zeolite  presents
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an  adequate  topology:  medium  size  pores,  a Si/Al  ratio  of 8–30 and  the  absence  of  big  cavities.  The cobalt
must  be  ion  exchanged,  because  if the  metal  is  in  the  zeolite  framework  the  active  sites  are  not  accessible
to  the  reactants.  In addition  for a commercial  use of the  catalyst,  it has  to be hydrothermically  stable.
New  zeolite  structures  as  ITQ27  and  ITQ7  that  present  those  characteristics  have  been  ion  exchanged
with  cobalt  and they  have  been  tested  for  the  SCR  of  NOx with  propane,  showing  its potential  as  active

.
obalt
ropane

catalysts  for  this  reaction

. Introduction

Contrarily to what it occurs with other gas pollutants such as
O2 or CO, the NOx emissions are continuously increasing in the last
ears. Current regulations controlling such pollution are becoming
ore stringent and new processes to control these contaminants

re imperative. Among the emission control technologies envis-
ged, the most widely applied methods are the selective catalytic
eduction by NH3 or urea [1,2] for stationary sources and the three
ay catalysts for the traditional stoichiometric gasoline engines
obile sources [3].  Another approach is the NO decomposition or

he selective catalytic reduction of NOx with hydrocarbons in the
resence of O2 [4–9]. Nevertheless the application of these systems
equires an active catalyst in a wide range of operation conditions
nd during extended time periods. Main attention has been paid to
he use of Cu/Co-ZSM5 or Cu/Co-beta as catalysts for this reaction;
evertheless these zeolites do not present enough hydrothermal
tability for its commercial use, being necessary to find a more
table catalyst [8].  In addition no clear explanation has appeared
bout the reaction mechanism neither the reason why these zeo-
ite structures are active. In this work we have prepared different
ontaining cobalt microporous materials in order to determine the

haracteristics needed for an active catalyst in the propane SCR of
Ox. The activity in the reaction of some new zeolites with high
ydrothermal stability, as ITQ7 and ITQ27, has been studied.
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2. Experimental

The microporous materials studied were zeolites with different
topologies. Zeolites MCM22, ITQ27, RHO, ITQ2 and ITQ7 were pre-
pared in our laboratory according to [10–14],  zeolites FAU, ZSM5
and BEA were commercial zeolites obtained from PQ Zeolites. The
metal exchange of the acid zeolite was done in an aqueous solution
containing Co(CH3COO)2·4H2O with the adequate concentration to
achieve the desired amount of metal on the zeolite, and with a
solid/liquid ratio = 10 g L−1. The exchange was  carried out at 353 K
under stirring for 24 h. After that, the zeolite was filtered and
washed, and then calcined at 823 K for 3 h. A ZSM5 zeolite was
prepared with cobalt in the framework, according to [15]. The com-
position of the samples was analyzed by atomic absorption and the
results are shown in Table 1.

The activity tests were carried out in a fixed bed, quartz tubu-
lar reactor. In a typical experiment, 1 g of catalyst, as particles of
0.25–0.42 mm size, were introduced in the reactor and were heated
up to 350 ◦C under nitrogen flow. At this temperature the flow was
maintained for 6 h. After that, the desired reaction temperature was
set and the reaction feed admitted. This consists of 650 mL  min−1

of a mixture composed by NO, C3H8, variable quantities of oxygen
and balanced with nitrogen. The NOx present in the outlet gases was
continuously analyzed by means of a chemiluminescence detector.
3. Results and discussion

The results obtained with the different containing cobalt zeo-
lites are shown in Figs. 1–3.  From these results, the zeolites may  be

dx.doi.org/10.1016/j.cattod.2010.11.092
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Table  1
Chemical composition of the catalysts used.

Zeolites Si/Al ratio Co/Al ratio

ZSM5 25 0.7
ZSM5 17 (2.9 wt%  Co

in the
zeolite
structure)

BEA 15 0.64
BEA  50 0.78
FAU  14 0.61
MCM22 14 0.71
RHO  5 1.06
ITQ2 25 0.55
ITQ7 50 0.81
ITQ27 19 1.02
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ig. 1. NOx conversion in C3H8-SCR on different Co/zeolites (�) ITQ-2, (�) ZSM5,
ith cobalt in the framework, (♦) RHO, (×) FAU, 850 ppm NO, 550 ppm C3H8, differ-

nt oxygen concentrations, N2 as effluent, T = 723 K.

ivided in to three groups. The first group is formed by those zeo-
ites that show a NO conversion lower than 30% at different oxygen
oncentrations (Fig. 1). Co-FAU, Co-RHO, Co-ITQ2 and ZSM5 with
obalt in the framework are included in this group. As it can be seen
n Fig. 1, zeolites containing big cavities, as faujasite, present a low
ctivity. It could be related with the segregation of the cobalt active
ites in the zeolite cavities, forming cobalt oxide clusters that are

ot active for the NO reduction [16]. Another possible reason for the

ow activity of this zeolite is that the Co2+ sites of the Co-FAU are
ot able to form monodentate nitrates. These species, according to
17], will be the intermediates reduced by the hydrocarbons and its
bsence produces the catalyst low activity. The same reasons can

ig. 2. NOx conversion in C3H8-SCR on different Co/zeolites (�) BEA Si/Al = 50, (♦)
CM-22 Si/Al = 14, 850 ppm NO, 550 ppm C3H8, different oxygen concentrations,

2 as effluent, T = 723 K.
Fig. 3. NOx conversion in C3H8-SCR on different Co/zeolites (©) BEA Si/Al = 25, (�)
ZSM5 Si/Al = 15, 850 ppm NO, 550 ppm C3H8, different oxygen concentrations, N2 as
effluent, T = 723 K.

be applied to the layered zeolites, as ITQ2, which show a similar
catalytic behavior. Zeolites with small pores as RHO zeolite neither
are adequate for the reaction; this is due to the size of the propane
molecule compared with the 8 member ring pores of the zeolite.
After the cobalt ion exchange, propane is not admitted in the zeolite
pores and only the surface cobalt sites are active, resulting in a low
active catalyst. Another zeolite characteristic that produces a non
adequate catalyst is the presence of cobalt in the zeolite framework.
The same behavior was observed with other zeolites containing tin
in the framework [18], suggesting that the framework metal atoms
are not active in the reaction. This result can be explained by tak-
ing into account that tetrahedrally coordinated framework cobalt
is stable under reaction conditions and the cobalt centers cannot
interact with the reactants.

From these results we can conclude that non-adequate zeo-
lites for the SCR of NO with propane are those that present a
non-adequate topology: small channels, big cavities or laminar
materials, and those zeolites where the cobalt is in the zeolite
framework.

The second group of zeolites is those that show a NO conversion
between 30 and 60% at different oxygen concentrations. The results
obtained with these zeolites are shown in Fig. 2. Although, they are
medium pore zeolites with 10 or 12 member rings and the cobalt
is ion exchanged, they present medium size cavities as the MCM22
zeolite or the Si/Al ratio is very high as the BEA zeolite with a Si/Al
ratio of 50. The presence of cavities, as it was discussed before,
results in a less active catalyst and the high Si/Al ratio results in a
zeolite with low cobalt content and in the absence of the neighbor-
ing sites that promote the adsorption and reaction of the reactants
[19] diminishing the activity of the material.

The third group of zeolites is those clearly active for the SCR of
NO with propane. They are zeolites with 10 or 12 member rings,
without cavities, with the cobalt ion exchanged and with a Si/Al
ratio between 8 and 35, as ZSM5 and BEA zeolites. These zeolites
are active at high oxygen concentration and the results obtained are
shown in Fig. 3. Nevertheless these zeolites present the problem of
its hydrothermal stability and for this reason they cannot be used
for a commercial purpose.

Recently new zeolites, as ITQ7 and ITQ 27, with a high hydrother-
mal  stability have appeared. ITQ7 has a pore topology formed by a
tridirectional system with 12 member rings similar to the structure
of a beta zeolite. According to the results previously described, this

zeolite presents the adequate topology to be active for the SCR of
NO with propane when the cobalt is ion exchanged. Nevertheless
this zeolite can only be synthesized with a Si/Al ratio of 50, for this
reason this zeolite should be included in the second group of the
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ig. 4. NOx conversion in C3H8-SCR on different Co/zeolites (©) BEA Si/Al = 25, (�)
TQ7 Si/Al = 50, (♦) ITQ27 Si/Al = 19, 850 ppm NO, 550 ppm C3H8, different oxygen
oncentrations, N2 as effluent, T = 723 K.

eolites that we established, with an expected conversion around
0–60%. In fact, as it can be observed in Fig. 4, this was  the result
btained when using this zeolite for the propane SCR of NO. These
esults are very similar to those obtained with the BEA zeolite with

 similar Si/Al ratio (Fig. 2).
On the other hand ITQ27 is a bidirectional zeolite with con-

ected 12 member rings channels. It has a microporous volume
f 0.21 cm3/g, a microporous area of 434m2/g and a porous diam-
ter of 6.7 Å. It can be synthesized with a Si/Al ratio of 20 and the
obalt can be ion exchanged, for this reason it could be an adequate
atalyst for the SCR of NOx with propane. In Fig. 4 are shown the
esults obtained with the Co-ITQ27. It can be observed that they
re very similar to those obtained with a cobalt ion exchanged beta

eolite with a similar Si/Al ratio. Nevertheless the main advantage
f this zeolite is its hydrothermal stability. Contrarily to what it
ccurs with a BEA zeolite, after a hydrothermal treatment and in
he presence of water the activity of the Co-ITQ27 is the same than
hat previously obtained before this treatment and in the absence

[

[
[

oday 176 (2011) 239– 241 241

of water. These results suggest that this material could be an inter-
esting material for the SCR of NO with propane.

4. Conclusions

From this work we can conclude that in order to have an ade-
quate zeolitic catalyst for the SCR of NO with propane it is necessary
to have a medium pore zeolite with 10 or 12 member rings chan-
nels, without cavities, with the metal ion exchanged and with a Si/Al
ratio between 8 and 35. In addition, for a commercial use, the zeo-
lite should have a high hydrothermal stability. In this work we have
shown that a new zeolite structure: ITQ 27 presents these charac-
teristics and the catalytic results obtained confirm the adequacy of
this zeolite for the SCR of NOx with propane.
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