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Science and Technology

Ceria-based materials find important applications in ap-
plied heterogeneous catalysis [1]. In particular, CeO2 and

more recently CeO2-ZrO2 mixed oxides are a key component
of the catalytic devices for automotive pollution control [2].
This has led to an intense interest in the properties of these
materials in the scientific literature [3-7]. The conversion effi-
ciency of a three-way catalyst (TWC) is strictly related to the
so-called oxygen storage/release capacity (OSC), besides
other factors. The OSC is the ability to attenuate the negative
effects of rich/lean oscillations of exhaust gas composition
through the Ce4+/Ce3+ redox process. By maintaining a stoi-
chiometric composition at the catalyst, the highest conversion
efficiency of the exhaust is attained. Recently, CeO2-ZrO2
mixed oxides attracted interest because they are also capable

of promoting the activity of silver metal catalysts under simu-
lated lean exhaust conditions [8]. Temperatures as high as
1,273-1,373 K and 1,073-1,173 K can be easily met in the ex-
hausts of respectively conventional- and lean-gasoline en-
gines which requires for high thermal stability of the material.
In addition, recent environmental Us Tier 2 regulation [9] re-
quired for an urgent improvement of the durability and effi-
ciency of the automotive catalytic converters. Thus, durability
as high as 120,000 miles will be phased-in beginning of 2004
in Us. Therefore development of new thermally stable CeO2-
ZrO2-containing materials is of strong interest in the develop-
ment of advanced automotive pollution control devices.
In principle, high dispersion and hence activity of CeO2-based
material can be achieved by supporting CeO2 over a thermal-
ly stable support such as alumina [10], however, previous ob-
servations [11, 12] and patent claims (see for example Us
5,945,369 issued on August 31st, 1999) clearly indicated the
unsuitability of impregnating CeO2 on Al2O3 for production of
effective OSC systems. This is due to the fact that the high
dispersion and intimate contact of the CeO2 component with
Al2O3 may lead upon ageing to formation of CeAlO3 that de-
activates the redox properties of the OSC component. Ac-
cordingly, it is usual practice to employ pre-formed CeO2 or
CeO2-ZrO2 particles to make the TWC. These particles are
then supported (wascoated), together with the other compo-
nents (noble metals and Al2O3) on the honeycomb. The pre-
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CeO2-ZrO2-Al2O3 Mixed Oxides 
for DeNOx Catalysts
Redox Properties and Catalytic Activity

Nanostructured CemZr1-mO2 (m= 0.6, 1) mixed oxides
supported on Al2O3 were obtained by impregnating γ-Al2O3

with cerium/zirconium citrate solutions and subsequent
calcination. These materials feature remarkably high surface
area stability and oxygen storage after high temperature
calcination due to a mutual interaction between the alumina
and the supported oxide, which hinders formation of 
α-alumina. Crucial role of ZrO2 in preventing the deactivation
of the redox capability of CeO2 due to formation of CeAlO3 is
shown. The nano-composite Ce0.6Zr0.4O2/Al2O3 mixed oxide
was loaded with Pt, characterized and tested under simulated
lean DeNOx conditions.



sent paper shows that by impregnation of Al2O3 with a CeO2-
ZrO2 component, thermally stable nano-composite materials
can be obtained and a key role of ZrO2 in stabilizing the sup-
ported CeO2 against deactivation is reported.

Experimental

CemZr1-mO2 (13 wt%)/γ-Al2O3 (m = 0.6, 1) were prepared by
using a modified citrate complexation method [13], by wet im-
pregnating the resulting citrate-containing solution on γ-Al2O3
(BET surface area 186 m2 g-1, pore volume 1.03 ml g-1).
Hereafter the samples will be indicated as CZXX/Al2O3 where
XX indicates the CeO2 content relative to ZrO2 (100 or 60
mol%). The preparation of the materials was carried out as
follows. Ce(NO3)3•6H2O (99.99%, Aldrich) was dissolved in
water and mixed with a water solution of ZrO(NO3)2 (20%
ZrO2, Mel Chemicals), then a water solution of citric acid
(99.7%, Prolabo) was added. The ratio metal cation to ligand
was 1 to 2.1. The resulting solution was stirred at 348 K for 5
hrs, then at room temperature (rt.) for 12 h, and finally evapo-
rated to carry out an “incipient wetness” impregnation of the
support. After impregnation, the materials were dried at 393 K
for 12 hrs, heated up to 773 K at a heating rate of 3 K min.-1

and then calcined at this temperature for 5 hours to obtain a
yellow powder. Hereafter these samples are indicated as
fresh ones. Catalysts were aged by calcination at various
temperatures (773-1,373 K) for 5, 24 or 48 h. Pt (1.50 wt%)
was deposited on the support by incipient wetness technique
using Pt(NH3)2(NO3)2 as precursor. A reference Pt/Al2O3
(0.88 wt%) sample was also prepared. Temperature pro-
grammed reduction (TPR) was carried out in a conventional
instrument [14]. Dynamic-OSC was measured by alternately
pulsing every 70 s CO (100 µl) and O2 (100 µl) over the sam-
ple (30-100 mg, maintained in a flow of Ar of 25 ml min.-1)
[14]. Powder XRD spectra were collected on a Siemens
Kristalloflex Mod. F Instrument (Ni-filtered CuKα). The peak
shape was assumed to be a modified pseudo-Voigt function
with asymmetry. Ir spectra were collected on pelletized sam-
ples put in a Ir cell attached to a vacuum line, using a Bruker
IFS88 spectrophotometer at a resolution of 4 cm-1. Transmis-
sion electron micrographs (TEM) were obtained with a Jeol
2000EX microscope. The samples were ultrasonically dis-
persed in 2-propanol and deposited on a copper grid covered
with a lacey carbon film. Catalytic tests were performed with a
fixed bed flow micro-reactor, loaded with particles sizing from
180 to 350 µm. Two on-line continuous Ir analyzers for NO,
NOx, C2H4, O2, CO, CO2 and one on-line gas chromatograph
for the analysis of O2, N2 and N2O were used. NOx-SCR ex-
periments using ethene as reducing agent were carried out in
the temperature range of 423-773 K. Steady state values of
reactants conversion were measured every 50 K, using an
heating rate of 5 K/min. to increase the test temperature.
Space velocity was 30,000 h-1 (300 mg of sample). Dry feed
mixture was composed of 1,000 ppm of NO, 120 ppm of NO2,
1,000 ppm of C2H4, 2.5 vol % of O2 balance helium, NO2 con-
centration being due to the NO-NO2 equilibrium in the homo-
geneous phase. Tests in wet condition were performed by
adding to the feed mixture 1.3 vol % of water vapor using a
saturator at room temperature. Before the catalytic tests all
the samples were pretreated in air flow at 773 K. NOx conver-
sion percentage is defined according to equation (1) whereas
N2O and NO2 yield percentage, respectively, as in (2) and (3).

(1)

(2)

(3)

NOx represents the sum of NO + NO2, and C
o
i and Ci, respec-

tively, the inlet and outlet reactant concentrations.

Structural and textural characterization of Al2O3
and CZ/Al2O3 and effects of thermal aging

Table 1 summarizes the structural characterization of Al2O3
and CemZr1-mO2/Al2O3 samples after calcination in air in the
range of temperature of 773-1,373 K.
Calcination progressively transforms γ-Al2O3 into θ-Al2O3 and
α-Al2O3, the latter being the only phase detected after 24 h at
1,373 K. In the samples containing also the CZ phase, there is
a synergic stabilization between the CZ and Al2O3 component,
since the transformation process of θ-Al2O3 into α-Al2O3 is al-
so retarded by the presence of the CZ component. As for the
features of the supported CZ phase, after calcination at 1,273
K some phase separation was detected in the case of
CZ60/Al2O3. This is attributed to some non-homogeneity in the
distribution of the CZ precursors over the Al2O3 phase induced
during the synthesis, rather than phase segregation of the
supported Ce0.6Zr0.4O2 phase due to its metastable nature
[15]. Consistently, the unsupported Ce0.6Zr0.4O2 made by the
similar synthesis method resulted to be a single product
(Table). Addition of both Al2O3 and ZrO2 to CeO2 remarkably
hinders the sintering process of the supported CeO2-contain-
ing phase, as indicated by the particle sizes reported in the
Table. Thus crystallite size of 77 nm was detected after calci-
nation of CeO2 at a relatively low temperature (1,173 K), whilst
a particle size of 20 nm was detected after calcination at 1,273
K when CeO2 was supported on Al2O3. This value is further re-
duced when ZrO2 was introduced into the CeO2 lattice.
Noticeably, Ce0.6Zr0.4O2 prevents more effectively the Al2O3
transformation induced by calcination at 1,373 K compared to
CeO2, which could be related to the smaller particle size of
the supported Ce0.6Zr0.4O2 phase, which generates a larger
interface with better contact between the two phases and
hence stabilization. As a result of this interaction, the surface
area of the nano-composite products are thermally stabilized
compared to pure Al2O3 with respect to thermal ageing. BET
surface areas of 12, 32 and 55 m2 g-1 were measured after
calcination at 1,373 K for 24 h respectively for Al2O3,
CZ100/Al2O3 and CZ60/Al2O3. This is a remarkable result
since such ageing conditions are much more demanding that
those routinely employed by industry for laboratory simula-
tions of catalyst deactivation [16]. Addition of CeO2 [17, 18] or
La2O3 [19] to γ-Al2O3 was shown to hinder the transformation
into α-Al2O3 presumably by formation of micro-domains of
CeAlO3 or LaAlO3 over the alumina surface that may inhibit
surface diffusion of species responsible for sintering [19].
However, it should be noted that also ZrO2 stabilizes alumina
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[20], suggesting that a more general scenario should be con-
sidered.
Summarizing, the results of the textural and structural charac-
terization denote that supporting the CZXX phase (XX= 100
and 60) over Al2O3 leads to nano-composite materials featur-
ing remarkably high thermal stability. Negligible effect on ther-
mal stability were observed when Pt was supported on
CZ60/Al2O3 (data not reported).

Dispersion and adsorption properties of the Pt/Al2O3
and Pt/CZ60/Al2O3 phases

The size distribution of the supported Pt particles was exam-
ined with TEM microscope and compared with that of the ref-
erence Pt/Al2O3. Pt/Al2O3 calcined at 773 K and subsequently
reduced in H2 at 623 K featured prevalently rounded particles
due to a Pt metal phase with a broad distribution of particles
sizes ranging from 0.5 to 7.5 nm (Figure 1). The average par-
ticle size is 2.5 nm. Elongated Pt metal particles were detect-
ed in the Pt/CZ60/Al2O3 catalyst. Pt particles distribution is
largely narrower compared to Pt/Al2O3, most of the particles
(80%) being within 0.5-1 nm. The average particle size is 1.1
nm. It appears that at equal Pt deposition conditions, the
presence of the CZ60 phase favors high Pt dispersion. For-
mation of a Pt-O-Ce complex was suggested to be responsi-
ble for the stabil ization of dispersed Pt particles in
Pt/CeO2/Al2O3 catalysts [21]; formation of a similar complex
could also account for the effect of the CZ60 phase on the Pt
dispersion found here. Unfortunately, due to fluorescence
problems, any attempt to evidence the presence of such a
complex by Raman spectroscopy failed.
The adsorption properties were investigated by FtIr spec-
troscopy using CO as a probe molecule. This widely em-
ployed technique allows one to easily detect both dispersion
and accessibility of surface Pt sites. For comparison, some

measurements were performed also on the metal-free sup-
port. For sake of brevity the most relevant results are summa-
rized here. CO adsorption at low temperature on metal-free
CZ60/Al2O3 (spectra not reported) revealed that the
Ce0.6Zr0.4O2 is evenly distributed over the Al2O3, the overall
intensity of the bands associated to CO adsorbed at Al3+ co-
ordinatively unsatured sites halving when passing from Al2O3
to CZ60/Al2O3. Moreover, no preferential depletion of residual
OH groups that remain on surface Al3+ sites after dehydroxy-
lation under the pre-treatment conditions adopted (outgassing
at 773 K for 1 h), was observed. These features indicate that
the CZ phase is uniformly distributed over the Al2O3 surface.
The frequencies due to adsorbed CO could be associated
with Al3+ and Ce4+ sites, while no evidence for surface Zr4+

sites was found, even though it cannot be fully excluded that
the adsorption expected at 2,200 cm-1 [22] could be partly
masked by bands due CO adsorbed on the Al2O3 sites. 
The spectra obtained upon CO adsorption at r.t. over Pt/Al2O3
and Pt/CZ60/Al2O3 shown in Figure 2 are in line with the TEM
characterization: the intensity of the ν(CO) at 2,062/2,065 cm-1

due to CO linearly bonded to surface Pt sites of the metal par-
ticles [23] is almost double in the former catalyst. More impor-
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Table - Structural characterization of the catalysts

Sample Calcination BET area Phase CZ Crystallite
(m2g-1) composition (%) size (nm)a

Temperature Time Al2O3 CZa

(K) (h) γ θ α

Al2O3 973 5 186 100 - -
1,373 5 58 56 44 - -
1,373 24 12 100 - -

Ce0.6Zr0.4O2/Al2O3 773 5 180 100 -
1,273 5 115 100 c (90) t (10) 12 (c) 7 (t)
1,373 5 71 100 c (74) t (26) 14 (c) 7 (t)
1,373 24 55 80 20 c (75) t (25) 18 (c) 10 (t)

CeO2/Al2O3 773 5 180 100 - -
1,373 5 60 100 c (100) 20
1,373 24 32 34 66 c (100) 28

Ce0.6Zr0.4O2 773 5 42 - - - t” (100) 5
1,273 5 <1 - - - t” (100) 20
1,373 5 <1 - - - c (85) t (15) 20 (c) 15 (t)

CeO2 773 5 40 - - - c (100) 16
1,173 5 <1 - - - c (100) 77

a Determined by using the Scherrer equation; 
b t” is a tetragonal phase (space group P42/nmc) with pseudo-cubic cell parameter ratio (c/a) of 1,000; c phase: cubic fluorite type of lattice (space group
Fm3m). When a mixture of phases was detected approximate composition were evaluated: c phase: Ce0.8Zr0.2O2; t phase Ce0.2Zr0.8O2.

Figure 1 - Particle size distribution detected by TEM on (A)
Pt/Al2O3 and (B) Pt/Ce0.6Zr0.4O2/Al2O3 calcined at 773 K 
and then reduced (100 torr H2, 1 h) at 623 K



tantly, the relative intensi-
ty of the linear (2,065-
2,062 cm-1) to bridged
CO (1,900-1,800 cm-1)
[23] is higher in
Pt/CZ60/Al2O3 compared
to Pt/Al2O3. Bands attrib-
utable to CO adsorbed on
the oxide phases are lo-
cated in the range 2,250-
2,170 cm-1: it can be no-
ticed that the intensity of
the band at 2,197 cm-1

due to CO adsorbed on
Al3+ with the highest de-
gree of coordinative un-
saturation, which are the
only ones able to adsorb
CO at rt is much lower in
Pt/CZ60/Al2O3, where a
band at 2,175 cm-1, asso-
ciated with CO on Ce4+ is
formed. In summary, both

CO adsorption and TEM results clearly point out that the addi-
tion of Ce0.6Zr0.4O2 to Al2O3 strongly influences the Pt disper-
sion, and a high dispersion of Pt particles is favored by this
addition. This effect is even more significant when the differ-
ent Pt loading is taken into account: despite higher loading of
Pt in Pt/CZ60/Al2O3 more dispersed particles are obtained.
Further, the Ce0.6Zr0.4O2 appears highly uniformly dispersed
over the Al2O3 suggesting a strong mutual interaction be-
tween the two oxide phases. We believe that this could be at
the origin of the high thermal stability above reported.

Redox behavior of the CZ/Al2O3
and Pt/CZ/Al2O3 catalysts

Given the strong interest of the CeO2-contaning materials in
the conventional TWCs catalysts, the redox behavior of
CZ100/Al2O3, CZ60/Al2O3 and Pt/CZ60/Al2O3 calcined at 773
K (“fresh” samples”) and at 1,273 K was investigated by using
the TPR technique (Figure 3). Total-OSC was determined by
pulse re-oxidation at 700 K. The reduction profi le of
CZ100/Al2O3 calcined at 1,273 K shows three peaks, at ca.
600, 1,000 and 1,200 K, the first two have been attributed to
reduction of well dispersed ceria crystallite and bulk ceria, re-
spectively [2, 24]. The third peak has been mainly associated
with the reduction of bulk species, leading to formation of
CeAlO3. Accordingly, the X-ray diffraction pattern obtained af-
ter TPR and a mild oxidation at 700 K (Figure 4, trace B)
shows the presence of cerium aluminate. Consistently with
the effect of particle size on the reduction profile, the TPR of
CZ100/Al2O3 calcined at 773 K features only broad reduction
at relatively low temperatures. CZ60/Al2O3 calcined at 773 K
shows a similar reduction pattern, but, importantly, when the
calcination temperature is increased to 1,273 K, the reduction
still occurs at relatively low temperature, indicating thermal
stabilization of the redox property associated with the addition
of ZrO2. Consistently with the lack of reduction at 1,200 K, no
formation of CeAlO3 was detected in the CZ60/Al2O3 sample
(Figure 4, trace C). This indicates that incorporation of ZrO2
into CeO2 may prevent this undesirable deactivation pathway.

The lack of formation of
the CeAlO3 in the
CZ60/Al2O3 is quite inter-
esting since previous
work showed that under
similar redox ageing for-
mation at a comparable
Ce0.5Zr0.5O2 loading (10
wt%) only a CeAlO3 crys-
talline phase, in addition
to Al2O3 could be detect-
ed [25]. This result high-
lights the validity of the
simple synthesis method-
ology here employed in
providing efficient redox
and thermally stable sys-
tems.
The presence of a ho-
mogenous solid solution
seems to be a pre-requi-
site for preventing the de-
activation of the CZ/Al2O3
system. Accordingly,
when the calcination tem-
perature was increased
to 1,373 K, where some phase separation into CeO2-rich and
ZrO2-rich phases occurred, some formation of CeAlO3, in-
duced by the TPR/oxidation at 700 K treatment, was detected
by XRD (data not reported).
The presence of Pt shifts all the reduction features to 440 K,
in line with the promoting effects of the supported noble metal
on the reduction behavior of the CeO2-ZrO2 mixed oxides
[26]. Generally speaking, it is suggested that spillover phe-
nomena play a key role in the enhanced reduction behavior.
H2 is split at the Pt sites, followed by migration of active hy-
drogen species over the CZ60 surface favoring its reduction
[27], even though other phenomena seem to contribute to
these processes [26]. Consistent with the important role of
spillover phenomena in the reduction process is the picture
obtained after calcination at 1,273 K. All the reduction fea-
tures shift to somewhat higher temperatures. It is conceivable
that the sintering of both CZ60 and Pt phases induced by the
high temperature calcination, decreases the extent of the Pt-
CZ60 interface thus decreasing the extent of Pt-CZ60 interac-
tion and its capability to promote the reduction at low temper-
atures. The presence of broad reduction peak above 1,200 K,
i.e. at temperatures where formation of CeAlO3 is observed,
is consistent with the occurrence of some phase segregation
induced by the calcination (compare Table). 
Nevertheless, it should be noted that despite this partial deac-
tivation of the TPR behavior, the presence of a CeO2-ZrO2
solid solution again appears a crucial factor in conferring high
thermal stability to these systems since only high temperature
reduction is detected after such aging in the NM-CeO2 sys-
tems (NM = noble metal) [2, 24, 28].
The interaction of H2 with the Pt loaded catalysts was exam-
ined by H2-TPD (Figure 5) and H2 chemisorption techniques.
Pt/CZ60/Al2O3 features three desorption peaks centered at
320, 460 and 645 K. The comparison with the TPD profile re-
ported for Pt/Al2O3 suggests contribution from H2 adsorbed
on the metal as being responsible for most of the H2 des-
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Figure 2 - IR spectra of CO (10
torr) adsorbed at rt. over Pt/Al2O3

and Pt/Ce0.6Zr0.4O2/Al2O3 calcined
at 773 K, reduced in H2 (100 torr,
1 h) at 623 K and then outgassed
at 723 for 1 h

Figure 3 - TPR profiles of (A)
CeO2/Al2O3, (B) Ce0.6Zr0.4O2/Al2O3

and (C) Pt/ Ce0.6Zr0.4O2/Al2O3

calcined at 773 K for 5 h, trace (D)
represents the same samples after
calcination at 1,273 K



orbed at low temperatures, even though occurrence of some
reverse H2 spillover cannot be discounted. The effect of inter-
action between Pt and the Ce0.6Z0.4O2 phase is clearly sug-
gested by the comparison of the desorption pattern obtained
for the CZ60/Al2O3. It is reasonable to associate the H2 des-
orption that occurs above 670 K in CZ60/Al2O3 (Figure 5, C)
with the peak at 645 K in the Pt/CZ60/Al2O3. The presence of
the noble metal strongly promotes H2 storage on the support,
which is then reversibly desorbed during the TPD experiment
[27]. The presence of spillover phenomena were confirmed by
static chemisorption performed at 193 and 298 K. H/Pt = 0.57
and 0.99 were measured respectively at 193 and 298 K over
Pt/CZ60/Al2O3, whilst H/Pt = 0.18 and 0.23 were respectively
measured over Pt/Al2O3. H2 chemisorption on the noble metal
is a non activated process in contrast to its chemisorption on
the support, which is an activated process. The presence of
the spillover phenomenon therefore accounts for the increase
of the amount H2 chemisorbed on Pt/CZ60/Al2O3 with in-
creasing the adsorption temperature, Pt particles being cov-
ered with H2 already at 193 K.
Dynamic OSC was measured using CO as reducing agent.
For sake of consistency, all the measured values are reported
as mol (O2) mol (CeO2)-1. As illustrated in Figure 6, the re-
sponse of the system to the effects of calcination is remark-
ably different according whether Al2O3-supported or unsup-
ported samples are considered. 
Negligible OSC was measured over CZ60 after the calcina-
tion at 1,373 K, even though significant OSC was measured
for this sample in the fresh form (calcined at 773 K). This
highlights the crucial role of Al2O3 preserving the OSC with
respect the effects of high temperature calcination. 
It is not clear whether the improvement of the OSC is simply
related to the lower particle size of the CZ component in the
Al2O3 supported samples, e.g. their nano-structured nature,
or other effects are operating. In fact, at 773-873 K both sur-
face and bulk of the CeO2-ZrO2 mixed oxides may contribute
to the CO-OSC  [29] suggesting a complex nature of the pro-
moting effect. A perusal of Figure 6 reveals also the crucial
role of ZrO2 in improving the thermal stability of the OSC
property. The comparison of the values measured for
CZ60/Al2O3 and CZ100/Al2O3 after calcination at 1,373 K for
5 and 24 h, respectively, shows that even if the OSC of
CZ60/Al2O3 somewhat declined (which we attribute to the in-
creasing degree of phase separation as detected by XRD), it
is always more active compared to the CeO2/Al2O3 system.
The deactivation attributed to phase separation is a further
points of interest, since it was previously suggested that mi-
cro-domain type of mixed oxides might be more efficient as
OSC systems compared to single phase solid solution [30].
Addition of Pt clearly promotes the dynamic-OSC at low tem-
peratures, minimizing to some extent the deactivation in the
case of Pt/CZ100/Al2O3. However, the crucial role of added
ZrO2 in enhancing the efficiency of the redox process is again
highlighted (in the fresh samples).

Catalytic tests

Catalytic activity of the Pt/Al2O3 and PtCZ60/Al2O3 in the NOx
reduction under simulated lean exhaust was examined in a
flow reactor. C2H4 was employed as reducing agent.
High activity of Pt/CZ60/Al2O3 in the presence of water was
observed in the range 473-523 K (Figure 7). Ethene was oxi-
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Figure 4 - Powder X-ray diffraction profiles of (A) CeO2/Al2O3

calcined at 1,273 K 5 h, (B) CeO2/Al2O3 calcined at 1,273 K 5 h,
subjected to a TPR up to 1,273 K followed by an oxidation at 700
K, and (C) Ce0.6Zr0.4O2/Al2O3 calcined 1,273 K 5 h, subjected 
to a TPR up to 1,273 K followed by an oxidation at 700 K: 
(*) peaks belonging to CeAlO3

Figure 5 - Temperature programmed desorption of H2 from (A)
Pt/CZ60/Al2O3, (B) Pt/Al2O3, and (C) CZ60/Al2O3

Figure 6 - Dynamic oxygen storage measured at (a) 773 and (b)
873 K over Ce0.6Zr0.4O2/Al2O3, CeO2/Al2O3 and
Pt/Ce0.6Zr0.4O2/Al2O3 samples calcined at 773 and 1,373 K



dized starting from 473 K, reaching 100% of conversion at
about 553 K (curve not reported). NOx conversion showed a
maximum in correspondence of total ethene conversion, then
decreased. Starting from 523 K, N2O was produced and a
maximum (18%) was observed at 553 K. Due to N2O forma-
tion a maximum N2 yield of about 27% was obtained. At tem-
peratures above 543 K, production of NO2 was observed,
reaching about 40% at 643 K. At these temperatures, N2O
was still present and NOx conversion was low, below 10%.
Comparable performances were evidenced over the Pt/Al2O3
catalyst, but the maximum of activity shifted by about 50 K to
higher temperatures. Less N2O production was observed at
the maximum (15% at 593 K). Similar NO2 yield were evi-
denced above 623 K. In the absence of water (data not re-
ported), comparable results were obtained on both catalysts,
except for an higher yield to N2 (35% at 553 K) on
Pt/CZ60/Al2O3.
The obtained results are in line with the suggested mecha-
nism for the NOx reduction over Pt catalysts when C2H4 is
used as reducing agent in that the reaction occurs at the Pt
sites, minimizing the effects of the support [31]. Accordingly,
the higher Pt dispersion/loading in Pt/CZ60/Al2O3 with respect
to Pt/Al2O3 may be indicated as the origin of its higher activity
in the lean DeNOx abatement at lower temperature.

Conclusions

The addition of Al2O3 to CeO2-ZrO2 solid solutions strongly
improves the thermal stability of the textural properties and of
the redox behavior of the Ce0.6Zr0.4O2 mixed oxide: a strong
deactivation of the OSC property did not occurred even after
calcination at 1,373 K.  The intimate contact between the
Ce0.6Zr0.4O2 phase and Al2O3 stabilizes high dispersion of the
Ce0.6Zr0.4O2 component and, in addition, provides an effective
stabilization of the transition aluminas with respect to transfor-
mation to the α-Al2O3. The crucial role of the presence of the
solid solution, i.e. insertion of ZrO2 into the CeO2 lattice, was
shown to minimize the undesirable reaction of the highly dis-
persed CeO2 with Al2O3 leading to CeAlO3. The redox behav-
ior is further improved in the presence of Pt particles via a
spillover mechanism. 
FtIr and TEM investigations indicated a higher dispersion of

Pt on the Ce0.6Zr0.4/Al2O3 support, likely resulting from a
stronger interaction between Pt and Ce0.6Zr0.4O2. As a result,
the lean DeNOx activity is improved compared to Pt/Al2O3.
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Figure 7 - C2H4-DeNOx results for Pt/Al2O3 and
Pt/Ce0.6Zr0.4O2/Al2O3 catalyst. Feed: 1,000 ppm NO, 120 ppm
NO2, 1,000 ppm C2H4, 2.5% O2, 1.3% H2O, in He, 30,000 h-1


