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Abstract

A series of ZnO and Fe2Os modified ceria/alumina supports and their corresponding
gold catalyst were prepared and studied in the CO oxidation reaction. ZnO-doped solids
show a superior catalytic activity compared to the bare CeO2-Al20s3, this is attributed to the
intimate contact of the ZnO and CeO2 phases since an exchange of the lattice oxygen
occurs at the interface. In a similar way, Fe2Os-modified supports enhanced the ability of
the CeO2-Al>03 solids to eliminate CO till the phase segregation occurs, an effect strictly
dependent on the Fe>Os loading. Concerning the gold catalysts, all of them were very
efficient in the oxidation of CO no matter the doping metal oxide or loading, with the ZnO
containing systems better than the others. The majority of the systems reached total CO
conversion below room temperature being the ZnO and Fe>Os monolayer loaded systems

the most efficient within the series.
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Introduction

In the last 20 years gold based catalysis received a very special attention in the
scientific community. The surprising discovery of Haruta et al. [1] that very small gold
nanoparticles exhibit catalytic activity for the oxidation of CO at sub-ambient temperature
provokes an enormous scientific interest and makes gold the most used and the most
popular metal for CO catalytic oxidation reaction. There are really a vast number of
publications on this subject, several reviews and a book which try to unite the biggest part
of information [2-5]. Nevertheless the diversity of the catalytic system or employed
oxidation reactions, everybody agreed on the importance paid to the nature of the active
phase-gold particle size and structural geometry (existence of defect sites), to the nature of
support and its interactions with gold, to the pre-reactional treatment and/or reaction
conditions (especially presence of moisture). A general drawback of the gold nanoparticles
Is the fact that they are kinetically unstable and have higher tendencies for agglomeration in
high temperature applications. However, the thermal stability could be improved by a
careful choice of the support material, which first role is to disperse and stabilize the
nanoparticles against agglomeration.

CeO- has been broadly reported as an active support for oxidation catalyst due to its
chemical properties [6-9]. As mentioned above, the principal role of the support is to
stabilize and disperse the metal particles, and for this a high specific surface area is required
in order to provide a strong metal-support interaction. Lower the support crystallites are,
better the dispersion of the metal particles and lower their size [10]. It was reported by
Andreeva et al. [11] that the addition of Al2O3 to CeO, as a textural promoter prevents the
sinterization of CeO; crystallites and avoids the agglomeration of the Au during the WGS

reaction thus maintaining a high catalytic activity in the steady state.



In addition, ceria is very useful in the oxidation reactions due to its redox behaviour,
allowing oxygen mobility, and enhancing the oxygen exchange with the medium. Another
feature of this support, which should be taken into consideration, is that ceria is an n-type
semiconductor whose band structure can be modified by promoters. Several studies have
demonstrated that doping of CeO> with elements with different ionic radii and oxidation
state improves the exchange of oxygen in the oxide network by decreasing the energy
barrier for oxygen migration [12-15]. Iron is an interesting dopant, especially because of its
own redox behaviour (Fe3*/Fe?*). Zn as well has been used as a CeO-doping metal and a
positive effect of its addition on the catalytic performance have been reported [16].
However, Ce-Zn solid solution formation has not been reported, being the interface (or the
perimeter of contact) between ZnO and CeO. the region where a strong Zn-O-Ce
interaction is produced.

In gold based catalysis not only the high activity matters, but also the stability of the
system under operating conditions. It is likely, that the intimate interaction between gold
and the support is crucial for the high performance. Fu et al. [17] have reported that the loss
of activity could be due to the loss of surface area of the ceria support due to weakening of
the Aul/ceria interaction. In this context, supporting ceria on a high surface area oxide
carrier should be a good solution to the problem of ceria crystallites sintering and loss of
activity. Moreover, any addition of doping metal with or without formation of the solid
solution or epitaxial growth will promote the oxygen mobility of the ceria thus facilitating
the oxygen exchange with the reaction media.

Nieuwenhuys et al. [18-21] reported that the addition of metal oxides to Au/Al>Os
can significantly improve the catalytic activity at low temperature CO oxidation

applications. They described a model in which the reaction solely takes places at the



Au/MOy perimeter with the CO adsorbed on Au and the MOy acting as a supplier of
oxygen. They report multicomponent catalysts comprising transition metal oxide and alkali
oxides but do not consider the combination of one transition metal oxide and one rare earth
oxide.

In this scenario, the aim of this work is to study the effect of the presence of
transition metal oxides (ZnO or Fe2Oz3) on the CeO2-Al203 electronic properties and on its
activity and stability in CO oxidation reactions before and after gold deposition. Both
oxides were chosen in order to have one “irreducible” oxide (ZnO) and one “reducible”

oxide with its own redox couple (Fe**/Fe?*).

Experimental
Synthesis of the supports

The supports were synthesized by conventional impregnation of doping metal oxide
on a commercial CeO2-Al.0O3 support (Puralox, Sasol). The necessary amounts of metal
precursor (zinc nitrate or iron nitrate, Aldrich) were impregnated in ethanolic solution in
order to obtain 0.5, 1 and 1.5 theoretical monolayers of metal doping oxide on CeO2-Al.0O3
support. The as prepared supports were then calcined at 500 °C during 4 hours.

The calculation of the layer coverage was made under assumption that ZnO will
expose its hexagonal base on the surface of the CeO2-Al>Oz support and this base is
occupied by only one ZnO molecule. The same supposition is made for the Fe.O3 hematite
structure with the only difference of exposing its square base of the rhombohedral lattice.
The space groups of the both oxides and the calculations of the monolayer are presented in
Figure 1.

Figure 1



Gold deposition

The gold deposition (2 wt% nominal loading) was performed by the direct anionic
exchange method, assisted by NH3; (30 % Aldrich) as described elsewhere [22]. The
obtained solids were dried overnight at 70°C and finally calcined at 400°C during 2 h with a
heating rate of 10°C.min"". In the adopted nomenclature, the MOy contents are expressed as
a number of theoretical monolayers over the comercial support. For example, the
Au/0.5Zn0/CeAl solid contains the corresponding Au loading over half monolayer of ZnO

deposited on CeO,-Al203 support (Puralox, Sasol).

Characterization

The chemical composition of the samples was determined by X-Ray
microfluorescence spectrometry (XRMF) in an EDAX Eagle Il spectrophotometer with a

rhodium source of radiation.

The textural properties were studied by N2 adsorption measurements at liquid
nitrogen temperature. The experiments were carried out on Micromeritics ASAP 2010
equipment. Before analysis, the samples were degassed for 2 h at 150° C in vacuum. The
Berrett-Joyner-Halenda (BJH) method was used for determining the pore size distributions,

and in every case the desorption isotherm was used.

X-ray diffraction (XRD) analysis was performed on an X’Pert Pro PANalytical.
Diffraction patterns were recorded with Cu Ka radiation (40 mA, 45 kV) over a 2@-range
of 10 to 80° and a position-sensitive detector using a step size of 0.05° and a step time of 80

S.



The Temperature Programmed Reduction (TPR) experiments were carried out in a
conventional quartz reactor connected to a thermal conductivity detector (TCD). The
reactive gas stream with a flow rate of 50 ml.min was streamed through 50 mg of sample
and the temperature rose at 10°C.min* from room temperature to 900°C. A molecular sieve
13X was used to retain the H>O producing during the reduction and/or CO2 which could be
desorbed from the solid surface. For quantitative analysis the experimental consumption

was compared to those of CuO (99.999 %) reference.
Catalytic activity

The activity measurements were carried out in a U-shape glass flow reactor at
atmospheric pressure. The catalysts were pretreated in a 30 mL min activation flow of
21% O, balanced in He (from room temperature to 400°C, 5°C min'). After the activation a
reactive flow (3.4% CO and 21% O, balanced by helium) was passed through the reactor at
room temperature. The gas total flow was 42 mL min* and the quantitative analysis was
carried out with a Blazers Omnistar Bentchop mass spectrometer. The catalysts were tested
in the reaction flow at room temperature until reached the steady state. Then, the systems
were heated to 400°C at 5°C/mint. To study in details the catalysts behaviour as a function
of MOx-content the same reaction was carried out at temperatures below 0°C. The reactor,
loaded with a fresh and activated sample, was immersed into a cooling bath composed by
liquid N2 and acetone. Once the temperature stabilized, the reactive flow described above
was flushed through the reactor. The temperature was increased slowly to the room
temperature and the quantitative analysis of the reactives and products was carried out on a

Blazers Omnistar Bentchop mass spectrometer.



Results and discussion

Chemical compositions of the prepared solids are presented in Table 1. The
calculated values, expressed in weight percent for the half, one, and one and a half
theoretical monolayer of ZnO are respectively, 3.6 ,7.3 and 10.9 wt.%. Those for the Fe,O3
systems are 3.9, 7.9 and 11.8 wt%.

A number of points have to be taken into account, considering the highly basic
media during the gold deposition. At first place, the integrity of the primary support CeO»-
Al>O3, for which no influence of the ammonia treatment on the CeO> content is observed.
On the other hand, the ZnO and Al.O3 seem to dissolve a bit during the gold deposition. It
should be mentioned, that the Au/1.5ZnO/CeAl shows higher loading in ZnO than the
parent 1.5Zn0O/CeAl which is caused probably by the higher degree of dissolution of the
Al>0s. As for the gold loading, the obtained values are very close to the desired ones. Only
a small gold loss was observed for the Au/1ZnO/CeAl sample.

As for the systems doped with Fe;Os the ammonia treatment during the gold
deposition appears to influence the Al.O3 content but not the Fe-O3 and CeO> loading. This
observation is in agreement with the well known chemical nature of the used oxides, ZnO
as an amphoteric oxide is more susceptible to dissolve in the basic solutions than the Fe>O3
oxide which is easily dissolved only in acid solutions.

However, for Fe.Os doped systems a significant gold loss was detected, varying
between 25 and 35%. Recently, it was reported [15, 16] that the utilization of ZnO as
structural modifier promotes the creation of the preferential sites for gold deposition and
dispersion, which could explain the higher degree of gold deposition on ZnO modified

support compared to the Fe2Os3 one.



No matter the doping metal, the one monolayer system showed poorer capacity to
include gold in its composition which could be due to the stronger interaction doping
oxide-support. This contact limits the ability to create new interactions with other species,
gold particles in particular [23-25].

Concerning the textural properties, all the samples are mesoporous materials with
pore sizes around 70 A with specific surface area neighboring that of the primary support.
No matter the doping transition metal oxide or the gold presence, the specific surface area
seems to be governed by the primary support.

XRD patterns of the prepared ZnO doped supports are shown in Figure 2A. All the
systems have diffractions similar to the bare support (CeO2-Al.03) (JCPDS# 48-0367 for y-
Al;03 and JCPDS# 00-034-0394 for CeO3). No signals due to the ZnO are present for the
half monolayer sample due to the small amount of doping agent. It should be mentioned
however, that the presence of y-Al.Oz could masque the diffraction lines of any existing
ZnO phase. Nevertheless, an increment in the most intense diffraction peak of ZnO (20 =
56,5°), superimposed with that of the y-Al>Os, and a very weak signal at around 26~62,8°
can be perceived for the ZnO loading above half monolayer indicating the formation of
ZnO agglomerates on the surface.

Figure 2

A similar diffraction patterns are obtained for the Fe2O3 doped systems (Figure 2C).
Again, all the systems present similar diffractions to the bare support - CeO,-Al,O3 with no
diffraction lines assigned to the Fe>Oz phase, (JCPDS# 00-033-0664). However, a higher
amorphous character is observed for the samples containing Fe2Os, which seems to be

proportional to the Fe loading



XRD patterns of the prepared gold catalysts are shown in Figure 2B and 2D for the
ZnO and Fe;O3 doped systems, respectively. All the systems manifest similar XRD
diagrams corresponding to the primary support. In the case of the ZnO-doped systems, no
changes in the XRD diagram of the corresponding support are observed. No signals due to
gold are present. Thus, it can be concluded that ZnO presence stabilizes gold into a
nanoparticle size, which cannot be detected by the XRD analysis. However, for the Fe;O3
doped systems the appearance of the gold metal diffractions (JCPDS# 4-0784) with the
increase of Fe;O3 content is observed, indicating the increase of the gold particle size. It
can be assumed, that the existence of small fractions of Fe?* could help to reduce the gold
precursor during its deposition and the subsequent calcinations procedure, thus presenting a

negative effect on the gold nanoparticles size at higher Fe>O3 contents.

No matter the doping metal oxide no indications of solid oxide solution formation is
observed. Neither broadening nor shifts could be observed in the main ceria diffraction
peak. The systems seem to be composed by the primary support with finely dispersed metal

oxide layer covering the support surface.

It is well known that the reducibility of the support may affect the catalyst and, as a
consequence, its catalytic performance. The oxygen vacancies created during the reduction
seems to improve the Oz adsorption on the support and/or at the support— oxide interface,
thus producing more active catalysts [26]. The TPR-H; profiles of the studied ZnO and
Fe2O3 support systems with or without gold presence compared to the bare commercial

(CeO2-Al203) support are presented in Figure 3 and 4, respectively.

Figure 3 and 4



The original support CeO2-Al,0O3 shows two steps of reduction. The low
temperature reduction peak at around 500°C attributed to the surface ceria reduction and
the high temperature one at around 770°C assigned to the bulk reduction of Ce** to Ce**
[27-29]. The deposition of only a half monolayer of ZnO decreases the temperature of
reduction, starting at temperatures as low as 150°C. An additional effect is the narrowing of
the first reduction peak. The increase of the ZnO content (deposition of one and one and a
half monolayers of ZnO) intensifies the tendency of narrowing the superficial ceria

reduction peak and the decrease of the temperature for ceria reduction.

The same observation was made for the Fe,Os doped systems. Additionally, to the
decrease of the temperature of the ceria reduction promoted by the presence of the FeOs,
supplementary reduction of the Fe>Os can be observed. Wimmers et al. [30] studied the
reduction of Fe>Os and proposed a reduction in two steps Fe2Os3 — Fes04 — Fe, with no
formation of FeO. For the same oxide, other authors proposed a three steps reduction
process considering FeO formation dealing with: Fe.Oz > Fe304 at about 400 °C, FesO4 >
FeO at about 600°C and finally FeO —>Fe at higher temperatures [31-34]. No matter the
number of reduction steps of the Fe>O3 the separation of its reduction from that of the CeO-
overlapping reduction zones is hard to obtain, but one can observe better separation of the

reduction processes with the increase of the Fe>Oz content.

As for the gold containing systems, as expected the presence of gold decreases the
temperature of reduction by facilitating the mobility of the H> molecule on the surface of
the solid. It was reported earlier [7, 17] a shift in the reduction peaks related to the surface
oxygen of CeO: in the presence of gold at much lower temperatures. For the ZnO doped

solids the presence of gold diminishes the temperature of the first zone of reduction more
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than 200°C. The high temperature reduction however is less affected, occurring at the same
temperatures. Apart from this shift to lower temperatures, it could be observed that the
reduction process takes place in a narrower temperature range, which means that the

homogeneity of the reduction process is improved.

For the Fe,O3 containing systems the presence of gold provokes an overlapping of
all the reduction steps into the 200-500°C temperature range. Instead of the decrease of the
temperature of reduction no significant change of the reduction behavior compared to the

supports is observed.

To compare quantitatively the change in the reduction behavior of the support with
the addition of the transition metal oxide, the reduction percentage (RP) of every system

was calculated according to the following equation [16]:

RP = Enc/THe x 100;

Where Thc is the theoretical hydrogen consumption (in moles) necessary for
complete reduction of all reducible components of the corresponding sample and Enc is the
experimental hydrogen consumption measured during the TPR. For the RP calculation of
the ZnO doped systems it was considered that the Ce and Zn are present in their maximum
oxidation state (Ce** and Zn?*), and both reduces from Zn?* to Zn® and Ce** to Ce*". For
the calculation of the Fe.O3z doped system it was considered that the Ce and Fe are present
in their maximum oxidation state (Ce** and Fe®"), that the Fe®* completely reduces to Fe°
and that Ce*" reduces only to Ce3*. When gold is present in the samples, its reduction is

discarded, and considered that its full reduction from Au®*" to Au® occurs during the

11



calcination of the samples. RP values as a function of the MOx (M=Zn or Fe) coverage of

the samples are presented in Figure 5.

Figure 5

It have been proposed in the literature [16] a mechanism of CeO- reduction in the
presence of ZnO consisting in the formation of an oxygen vacancy in ZnO phase which
further oxidizes by reducing the ceria phase. This mechanism supposed that an increase of
the reduction degree with the presence of the ZnO is expected. However, comparing the RP
value with that of the primary support the improvement of the reduction behavior is
observed only for the sample referred as one monolayer sample. In this sample, due to the
homogeneous ZnO layer deposition, an increase of the intimate contact between the ZnO
and CeO; is expected, enhancing the fraction of Zn and Ce atoms sharing oxygen atoms
from the network. These oxygen atoms, posses a distorted environment for which a tension
in the surrounding bondings is created, thus generating superficial reactivity favoring the
oxygen mobility.

The samples containing less or more than a monolayer of ZnO presents lower
reduction degree indicating heterogeneity of the sample. One could consider zones where
ZnO accumulates to form agglomerates, which became a physical barrier for the reduction
of CeO: by diminishing the diffusion of H through the material. The same was observed
by Larese et al. for the Ce-Zr based systems [35]. This hypothesis is confirmed by the fact
that the increasing of the ZnO loading to one and a half layer additionally lowers the RP
value. Surprisingly, the addition of gold does not promote the reducibility in terms of

reduction percentage for the sample with one monolayer of ZnO, on the contrary
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diminishes, the reduction degree. The reduction seems to be governed by the ZnO layer, to
which the gold presence do not exercise any influence. The role of gold appears to be only
to increase the velocity of the reduction, thus diminishing the temperature of reduction,
without increasing the ratio of the reduced species.

On the contrary, for the samples with ZnO loading different from one monolayer the
increase of the RP values is observed. It appears that the gold presence promote the ZnO
mobility on the samples and the formation of ZnO islands. The heterogeneity of these
samples facilitates the direct contact between gold and ceria surface thus promoting both
the reduction velocity and the reduction degree.

For the Fe>Os doped system a decrease of the reduction degree with the increase of
the Fe2Oz loading is observed. The reduction seems to be governed by the reduction of the
Fe20s. The increase of the Fe,Os content could provoke agglomeration of the iron oxide
particles which could change the mechanism of reduction of the later. It was reported by
Wimmers et al. [30] that with increasing of the particle size the rate-determining step could
change from nucleation (uniform internal reduction) to phase boundary reaction, i.e.
chemical reaction at the FesOas/Fe metal interface, and/or diffusion through the Fe metal
product layer. The formation of the protective layer of Fe metal could difficult the H>
diffusion thus diminishing the accessibility to the inner CeO> layer, which could explain the
decrease of its reduction degree with the increase of the thickness of the Fe,O3 layer. The
presence of gold do not influence a lot the reduction degree of these systems, as no
significant changes in the RP values are observed.

The CO light-off curves for the prepared supports are presented in Fig. 6 and the
respective values of Tso (the temperature for which a 50% of CO conversion is obtained)

are shown in Table 2.
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Figure 6
Table 2

The presence of ZnO improves the catalytic performance of the CeO2-Al.O3
support. It exist a direct relationship between the Tso and the number of ZnO monolayers.
The CO oxidation activity as a function of ZnO content follows the order:

1.5Zn0/CeAl > 1 ZnO/CeAl > 0.5Zn0/CeAl > CeAl

The similar behavior of the samples with one and one and a half monolayer of ZnO
reveals that one monolayer of ZnO seems to be the optimum loading in terms of CO
oxidation activity promotion. It is worth to be mentioned that ZnO doped supports reach
total conversion of CO at 400 °C while the bare CeO2-Al,0O3 had a 44% of conversion as a
maximum. The superior catalytic activity compared to the bare CeO2-Al.O3 could be
assigned to the intimate contact of the ZnO and CeO: phases at which interface an
exchange of the lattice oxygen occurs thus promoting the oxidation activity.

For the Fe;O3 doped systems a better catalytic performance compared to the bare
CeO2-Al203 as well is observed. The CO oxidation activity follows the order:

0.5 Fe203/CeAl > 1 Fe03/CeAl > 1.5 Fe203/CeAl > CeAl

Despite of the iron intrinsic activity [19-21], in this series of samples the increase of
iron content seems to have a negative influence on the catalytic activity. It was reported for
the FeO,/CeO; solids [14] that an increase of the Fe>Os content produce phase segregation
within the material, thus diminishing the Ce-Fe contact, and as a consequence the activity
in the CO oxidation reaction. However, the existence of Fe;O3 as a separate phase was not

observed by XRD, but the high degree of amorphisation of the samples (Figure 2C)
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indicates the presence of the low crystalline iron oxide on the surface of the samples, which
could be responsible for the decrease of the Ce-Fe contact.

The catalytic activity of the corresponding gold catalysts is shown in Figure 7, and
the respective temperatures of 50% CO conversion (Tso) are presented in Table 2. All the
ZnO doped gold catalysts present better catalytic activity than the corresponding gold
supported on CeO2-Al>03. Moreover, the improvement is proportional to the ZnO contents

as the sub-ambient Tso values reveal.

Figure 7.

It should be mentioned, however, that all the systems are very active in the CO
oxidation reaction, which supposes that gold particle size governs the reaction. It was
reported [15] that the main role of the ZnO as doping oxide is to provide additional
nucleation sites for gold nanoparticles deposition. The later, together with the enhanced
oxygen mobility of the ZnO- CeO: interface could explain the better catalytic activity of the
ZnO doped systems.

As for the gold supported Fe>O3 doped systems a negative effect with the iron oxide
addition onto the CeO2-Al,03 oxide is observed. The lost of activity is proportional to the
Fe>O3 content. As revealed by XRD, an increase of the gold particles size is observed for
all those systems, which could explain the lower catalytic activity of the samples compared
to gold supported on the primary support.

Several systems reach full conversion at room temperature and a study of the

catalytic behaviour at sub-ambient temperature was carried out in order to distinguish better
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the differences between the systems. The CO conversion as a function of the temperature
for the corresponding gold containing systems is shown in Figure 8, and the respective

values for Tso are presented in Table 2.

Figure 8

The obtained results for the ZnO doped systems in the sub-ambient CO oxidation
reaction show a little bit different results, which in terms of activity has in the following
order:

Au/1Zn0O/CeAl > Au/CeAl > Au/1.5Zn0O/CeAl > Au/0.5Zn0O/CeAl

The best system appears to be the one monolayer ZnO promoted system. It is not
surprising, in view of all discussed results, that the better ZnO to CeO2 promotion in terms
of oxide contact surface layer is observed. It was reported [36-38] that a monolayer or
monomolecular dispersion of doping oxide is maximally influenced by the support. In
addition the presence of one integral monolayer of ZnO without phase segregation or
agglomeration is the optimal solution regarding the maximum nucleation sites available for
the gold nanoparticles deposition. However, any contents below or under this value
increase the possibility of a partial heterogeneity of the surface and/or lost of ZnO - CeO>
contact surface, thus decreasing the CO oxidation activity. In such a way, the gold
supported on the bare CeO2 —Al>,O3 support is more active that the half and one and a half
ZnO layer promoted samples. Other interesting fact is that one monolayer ZnO promoted
system has the lowest gold loading among the ZnO modified solids, but appears to be the

most active.
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As for the Fe.Os doped systems, the catalytic activity at temperatures below 25°C
changes dramatically. Again the gold supported on bare CeO2 —Al,O3 support seems to be
the more active, but this time is closely followed by the sample containing one monolayer
of Fe>Os. As a general and very important observation, the Fe2Oz doped systems shows far
better CO oxidation activity at sub-ambient temperature that when the reaction starts at
25°C. Complete CO conversion is achieved between 25 and 40°C for all the samples,
excepting Au/l.5Fe>O3/CeAl. It was reported [39] that the gold dispersion could be
improved by the redox mechanisms taking place between adsorbed CO on the gold species,
ceria ions, and hydroxyl groups on the surface. At sub-ambient temperature the CO
oxidation reaction is governed mainly by the CO adsorption onto gold particles surface.
When the degree of adsorption (residence time of CO on gold metal surface) is increased
the gold re-dispersion can occur thus providing more active sites at lower temperature and
enhancing the catalytic activity. It is very important to mention, that this result show that
even the bigger size gold nanoparticles can be converted into a very active catalytic sites
only with starting the CO oxidation reaction at sub-ambient temperatures. Here again the
monolayer Fe>Os doped sample shows an optimum activity, confirming that the better way
to stabilize re-dispersed gold nanoparticles is to provide the possibility of maximum
nucleation sites density. To confirm this hypothesis the XRD in the range 20 36-40° of the
catalyst Au/1Fe>Os/CeAl before and after sub-ambient CO oxidation reaction was made

(Figure 9).

Figure 9
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As it is seen from the figure a decrease in the gold particle size takes place, being
after the sub-ambient CO oxidation reaction, four times lower than for the fresh catalyst.
The calculation of gold particle size by Scherrer equation on Au (111) diffraction line
shows an average particle size decrease from 18 nm for the fresh catalyst to 5 nm after the
CO oxidation, confirming the structural metal change, thus converting the catalyst in more

active catalytic system.

Conclusions

It was demonstrated that the Zn-doped solids show a superior catalytic activity
compared to the bare CeO,-Al>O3 due to the intimate contact of the ZnO and CeO: phases
at which interface an exchange of the lattice oxygen occurs.

The doping of the commercial support with iron oxide as well enhanced it ability to
eliminate CO, an effect strictly dependent on the Fe>Os loading, caused not only by the
Fe20s intrinsic activity but by the phase separation and loss of the Ce-Fe contact surface.

Concerning the gold catalysts, in general, all the systems are very efficient in the
oxidation of CO no matter the doping metal oxide or loading, with the ZnO containing
systems better than the Fe>Os ones.

At sub ambient temperature CO oxidation the modified systems with a monolayer
of ZnO were the most efficient reaching total conversion at 5°C. However, the systems
which dramatically change at low temperature are the Fe>Os doped ones, for which gold re-
dispersion occur. The decrease of the gold particle size at around four times enhances the
CO oxidation activity for these systems.

Finally, it can be concluded that for the both systems, ZnO or Fe>O3z promoted ones,

the monolayer always shows an optimum activity, confirming that the better way to
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stabilize and/or to re-disperse the gold nanoparticles is to provide the possibility of

maximum nucleation sites density.
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