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Abstract Uniform nanosized, mesoporous and high spe-
cific surface area ceria—zirconia (1:1 mole ratio) solid
solutions were synthesized employing a poly-block
copolymer surfactant combined with microwave or thermal
treatment. For comparison purpose an identical composition
Ce,Zr;_,0, mixed oxide was also prepared by a conven-
tional coprecipitation method. The surface and bulk
structure of the synthesized samples were investigated using
X-ray diffraction (XRD), small angle X-ray scattering
(SAXS), Raman spectroscopy, scanning electron micros-
copy (SEM), transmission electron microscopy (TEM), BET
surface area and BJH pore size distribution (PSD) methods.
The catalytic activity was evaluated for CO oxidation at
normal atmospheric pressure. The Ce,Zr;_,0O, solid solu-
tions obtained through surfactant use exhibited high specific
surface area and mesoporosity. The XRD measurements
revealed the presence of cubic Ceg75Zr9,50, and
Ce.6Z19.40, phases in the case of conventional coprecipi-
tation and surfactant controlled synthesized samples,
respectively. The Raman measurements revealed existence
of more oxygen defects in the surfactant-controlled and
microwave treated sample. The SEM images suggested that
all samples consist of typical spherical agglomerates with
almost uniform size within the nanometer size range. The
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TEM measurements revealed nanosized crystallites in a
narrow range between 4 and 8§ nm, and densely packed in the
case of conventional precipitation and microwave treated
samples. Interestingly, the Ce,Zr;_,O, solid solution
obtained by surfactant-controlled method and treated with
microwave radiation exhibited better CO oxidation activity
than other samples. Enhanced activity of surfactant-con-
trolled and microwave treated sample is correlated with its
unique physicochemical characteristics.
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1 Introduction

Ceria (CeO,) has been recognized as one of the most
important rare-earth oxides in view of its numerous
applications. In conjunction with the advantages of nano-
technology it is finding many applications in the fields of
catalysis, sensor technology, and biomedical sciences
[1-10]. The use of pure CeO, is generally discouraged as it
undergoes rapid sintering at high temperatures, thereby
loosing its crucial oxygen storage/release capacity (OSC)
characteristics. Therefore, several investigations were
focused on the application of Ce,Zr;_,0O, solid solutions
instead of CeO, alone [4, 5, 7, 9]. In the mixed oxides of
ceria—zirconia, Zr*" cation partially substitutes for Ce*" in
the lattice of CeO,, forming a solid solution. Compared to
pure CeO,, the Ce,Zr;_,0O, solid solutions can maintain the
reversible Ce**/Ce*" redox property even after exposure to
harsh reaction conditions and exhibit improved thermal
resistance and better catalytic activity [7]. Therefore,
Ce,Zr;_,O, composite oxides are the key materials for
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numerous practical applications in catalysis [3, 4, 7], such
as three-way catalytic converters (TWC) for automotive
exhaust depollution [4, 5], in water-gas shift catalysis for
production and purification of hydrogen [7], and solid
electrolytes for solid-oxide fuel cells [11] and so on. In
view of their huge commercial significance several pre-
parative routes were employed to make them which include
coprecipitation [12], impregnation [13], sol-gel [14],
mechanical milling [15], spray pyrolysis [16], sputtering
[17], chemical vapor deposition [18] and other methods. It
is a well-known fact that synthetic methodology and pro-
cess conditions strongly influence the physicochemical
characteristics such as specific surface area, phase com-
position, crystallite size, redox ability, and OSC of the
resulting ceria—zirconia mixed oxides [3, 5, 7]. For exam-
ple, the traditional preparation methods based on sol-gel
and related routes require expensive precursors, such as
alkoxides. Also the atomic homogeneity of the materials
obtained through some of these routes is rather poor
although they exhibit controlled textural and surface
properties [19]. Therefore, several attempts are underway
to develop an efficient and cost effective preparative
methodology to obtain uniform and catalytically active
Ce,Zr,_,0, nano-oxides for various applications.

There is a growing interest in microwave processing of
materials over conventional methods because of significant
reduction in manufacturing cost, in terms of energy and
time, better product homogeneity, and unique microstruc-
tures resulting in better physicochemical characteristics
[20-22]. The theory of microwave heating and the inter-
action of materials with the microwaves have been
elaborated in several publications in recent times [23, 24].
As known the microwave heating is fundamentally differ-
ent from the conventional heating wherein the heat
generates internally through material-microwave interac-
tion instead of originating from an external heating source
[25]. Regardless of the relatively large body of published
work on this topic, the exact reason why microwave irra-
diation is able to enhance chemical processes is still
unknown. Of course, the existence of so-called ‘specific
microwave effects’ which cannot be duplicated by con-
ventional heating and result from the uniqueness of the
microwave dielectric heating phenomenon is largely
undisputed [26].

The use of surfactant-assisted routes has gained lot of
attention recently for the synthesis of controllable nano-
particle dispersions with high specific surface area and
defined porosity. In the present work, a surfactant-assisted
synthesis method is applied to prepare ceria—zirconia solid
solutions, to obtain high surface area materials and to
further study the features of their crystalline structure and
how these factors affect their catalytic activity. Another
objective of the present investigation was to explore the
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usefulness of the microwave to synthesize homogeneous
Ce,Zr;_,O, solid solutions. For the purpose of better
comparison, an identical molar composition ceria—zirconia
solid solution was also prepared by a conventional copre-
cipitation method. A multitechnique characterization by
X-ray diffraction (XRD), small angle X-ray scattering
(SAXS), Raman spectroscopy (RS), scanning electron
microscopy (SEM), transmission electron microscopy
(TEM) and N, adsorption was performed to uncover the
structural and textural properties of the synthesized sam-
ples. Finally, the catalytic activity of the synthesized
composite oxides was evaluated for CO oxidation at nor-
mal atmospheric pressure.

2 Experimental
2.1 Catalyst Synthesis

A micellar solution (~5%) of Pluronic F-127 (Sigma,
USA) was prepared by dissolving in distilled water at
ambient temperature under vigorous stirring for 3 h and an
appropriate amount of aqueous ammonia was added. The
desired quantities of cerium(IIl) nitrate and zirconium(IV)
nitrate (1:1 mole ratio based on oxides) precursors were
dissolved separately in deionized water and mixed toge-
ther. The resulting clear solution of the metal salts was
added drop-wise to the surfactant solution under continu-
ous stirring for 5 h. The obtained reddish brown precipitate
was divided into two equal portions and transferred into
Teflon autoclaves. A portion of it was subjected to
microwave irradiation (Sample Code MW) at 373 K for
2 h under static conditions with an operating power of
300 W (100%). Another portion was subjected to con-
ventional thermal heating (Sample Code TM) at 373 K for
24 h. The solid products were then filtered off, washed with
copious amounts of deionized water and dried at 393 K for
24 h and calcined at 823 K for 6 h in air atmosphere. For
comparison purpose an identical composition Ce—Zr-oxide
from the same precursors was prepared by a co-precipita-
tion method (Sample Code PT). The desired quantities of
precursors were dissolved separately in distilled water and
mixed together under mild stirring condition. To this clear
mixture solution, dilute ammonium hydroxide was added
drop-wise to precipitate the mixed-metal hydroxide gel
(pH 8). The resulting slurry was filtered off and thoroughly
washed with deionized water, dried at 393 K for 12 h and
calcined at 823 K for 6 h in air atmosphere.

2.2 Structural Characterization

X-ray powder diffraction patterns were acquired with a
Rigaku Multiflex instrument using nickel-filtered Cu Ka
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(0.15418 nm) radiation source and a scintillation counter
detector. Crystalline phases were identified by matching
the experimental patterns with the PDF-ICDD files. The
mean particle size of the crystalline oxide phases was
estimated with the help of Scherrer equation using the
XRD data of all prominent lines. The lattice parameter ‘a’
was calculated by a standard cubic indexation method
using the intensity of the most prominent peak (111). The
small-angle X-ray scattering experiments were performed
at the 4C1 Beamline of the Pohang Accelerator Laboratory,
Korea using an X-ray source 4 = 0.1608 nm. Measure-
ments were made using a two-dimensional charge-coupled
detector (2D CCD) (Roper Scientific, Trenton, NJ). The
Raman spectra were recorded with a LabRam HR800UV
Raman spectrometer (Horiba Jobin-Yvon) equipped with a
confocal microscope and liquid-nitrogen cooled CCD
detector. The emission line at 325 nm from He-Cd laser
(Melles Griot Laser) was focused on the sample under the
microscope, with the diameter of the analyzed spot being
~ 1 pum. The time of acquisition was adjusted according to
the intensity of Raman scattering. The wave number values
reported from the spectra are accurate to within 1 cm™". In
order to ascertain the homogeneity of the sample, spectra
were recorded at various points and compared. All samples
synthesized in this study were found to be highly homo-
geneous. The SEM images were collected with a JEOL
630-F microscope. Before measurements, samples were
dispersed on a steel plate surface and coated with Pt metal.
The TEM images were obtained on a JEM-2010 (JEOL)
instrument equipped with a slow-scan CCD camera and at
an accelerating voltage of 200 kV. Samples were sonically
dispersed in ethanol and deposited on a carbon coated
copper grid before examination. The BET surface area and
BJH pore size distribution measurements were made by N,
adsorption/desorption at liquid-nitrogen temperature using
a Micromeritics ASAP 2020 instrument. Before analysis,
samples were evacuated for 3—4 h at 523 K in the degas-
sing port of the instrument.

2.3 Catalytic Activity

The catalytic activity of the calcined nano-oxides was
evaluated for oxidation of CO in a fixed bed micro-reactor
at normal atmospheric pressure. For each run, ~0.1 g of
fine powders of the sample diluted with fine quartz parti-
cles of the same sieve fraction was used. Temperature was
measured directly at the catalyst bed, using a thermocouple
placed in the hollow shaft of the reactor. High purity gases
and gas mixtures namely, argon (purity, >99.999%), 9.98%
CO in argon (CO purity, >99.997%) and 10.2% O, in
argon (O, purity, >99.995%) were used (Air Liquide)
directly without further purification. The gas flow rates
were maintained by mass flow controllers. The CO and

CO, gas concentrations were measured with an Uras 14
infrared analyzer module, and the O, concentration was
measured with a Magnos 16 analyzer (Hartmann & Braun).
Prior to oxidation of CO, the catalyst was heated to 773 K
in 10.2% O,/Ar gas mixture, with a heating ramp of
10 K min~", and kept at the final temperature for 1 h. The
oxidized sample was then purged in argon and cooled to
the desired starting reaction temperature. The CO/O,
reactant feed ratio was 1, and the partial pressures of CO
and O, were in the range of 10 mbar.

3 Results and Discussion

Textural analyses of the conventional precipitation sample
and the surfactant assisted synthesized samples revealed
some differences in the shapes of the N, adsorption—
desorption isotherms (Fig. 1). The shapes of the hysteresis
loops are almost same (type IV) for the surfactant assisted
and microwave (MW) or thermally (TM) treated samples.
However, the conventional precipitation (PT) sample
exhibited a different isotherm. This behaviour is associated
with a shift of the mesoporous size towards a lower range.
The MW and TW samples exhibited a high specific surface
area and pore volume than the conventional PT sample
(Table 1). In fact, the as synthesized samples subjected to
thermal treatment at 393 K exhibited much higher specific
surface areas (200-250 m2g_1). As known, in the case of
conventional coprecipitation method, during the precipita-
tion stage, water molecules normally fill the internal pores
to form hydrous metal oxides. When these hydrous solids
are dried, the capillary pressure at the liquid-vapour
interface in the pores produces stress on the metal oxide
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Fig. 1 N, adsorption—desorption isotherms and BJH pore size
distribution of Ce,Zr;_,O, nano-oxides synthesized by surfactant-
controlled and microwave (MW) or thermal treatment (TM) and
conventional precipitation (PT) methods
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Table 1 BET surface area, pore volume, crystallite size, and cell ‘a’ parameter measurements of Ce,Zr;_,O, nano-oxides synthesized by
surfactant-controlled and microwave (MW) or thermal treatment (TM) and conventional precipitation (PT) methods

Sample Surface area (m2 gfl) Pore volume (cm3 gfl) Crystallite size (nm) Cell ‘a’ parameter (A)
MW 122.9 0.1455 4.6 5.317
™ 143.6 0.2224 4.9 5.326
PT 95.9 0.1030 55 5.395

framework, thus provoking the collapse of the pore net-
work, and in turn, reduces their specific surface area.
However, in the case of surfactant-controlled method, the
presence of surfactant leads to interactions between the
deprotonated hydroxyl groups and the positively charged
surfactant head groups, which may incorporate into the
M-O-M framework, thus forming a polymeric network of
hydrous oxides such as nMO,(O-Surfactant), - mH,O [27].
The capillary pressure in the pores is generally proportional
to the surface tension and the added surfactant can reduce
water surface tension in the pores. Which in turn decreases
the dried gel shrinkage degree, therefore, a high specific
surface area is normally achieved by adopting surfactant-
controlled method.

The crystalline structures of the synthesized solids were
investigated by X-ray powder diffraction analysis. Figure 2
shows the XRD patterns of the samples calcined at 823 K
and the corresponding crystallite size and cell ‘a’ parameter
values are presented in Table 1. Only the broad diffraction
lines due to cubic fluorite type phase with the composition
Ce. 75713250, (PDF-ICDD 28-0271) are identified in the
case of PT sample. In the case of surfactant-controlled
synthesized samples, the intensity of the XRD lines is

Intensity (a.u.)

T T T T T T 1
20 40 60 80
Two theta (°)

Fig. 2 X-ray powder diffractions of Ce,Zr;_,O, nano-oxides syn-
thesized by surfactant-controlled and microwave (MW) or thermal
treatment (TM) and conventional precipitation (PT) methods
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relatively broader due to smaller crystallite size. Also a
slight shift in the peak positions towards higher two-theta
values is noted which indicate that along with the forma-
tion of smaller crystallites some compositional changes are
also taking place. A detailed analysis of the XRD patterns
established the formation of Ceg¢Zrg40O, phase (PDF-
ICDD 38-1439) in the case of surfactant-controlled syn-
thesized samples [28, 29]. The shift in the peak positions
towards higher two-theta values is primarily due to an
increase of zirconium content in the ceria unit cell, since
the ionic radius of Zr** (0.84 A) is smaller than Ce*"
0.97 /ok) [7, 29]. The corresponding crystallite size and cell
‘a’ parameter values, elaborated in the proceeding para-
graph, also support this phenomenon. As reported by
Kenevey et al. [30] the composition change is mainly due
to phase segregation phenomenon, which is considered to
be surface energy driven. Solid solutions are normally
stable as long as the crystallite size does not exceed a
critical size, above which the surface energy contribution
to the total energy of the system becomes too small to
allow its stabilization thereby leading to the phase segre-
gation [30]. An important observation to be mentioned
from XRD results is that, within the detection limits of the
XRD technique, there is no evidence about the presence of
t-ZrO, or m-ZrO, phases in any of the samples investigated
in this study. Most importantly, the Ce,Zr;_,O, mixed
oxides obtained through the present method exhibited only
single phase with cubic structure, confirming that Ce- and
Zr-ions are uniformly distributed in the structure and
formed a homogeneous solid solution. Of course, the XRD
patterns of the samples are relatively broad due to nano-
sized nature of the crystallites formed.

The average crystallite size (Dxrp) of Ce,Zr;_.O;
in various samples is presented in Table 1. In comparison
to a pure ceria prepared by an identical precipitation
method, which had a crystalline size of 10.3 nm [31], the
Ce,Zr,_,0, solid solutions exhibited much smaller crys-
tallite sizes. Therefore, it can be stated from the present
study that zirconium addition to ceria effectively inhibits
the crystallite growth. As established in the literature, the
formation of solid solutions between ceria and zirconia
retards the crystallite growth and facilitates the formation
of thermodynamically more stable phases as noted in the
present study [32].
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Lattice parameter estimations provide useful information
on the location of foreign cations in the ceria lattice.
In particular, whether the foreign cations entered into
the lattice resulting in the formation of a solid solution
or remained as a separate phase demarcated by a phase
boundary. Using the most intense (111) line of the Ce,Zr,_,
O, XRD patterns, cubic indexation and calculation of the
unit cell parameter was carried out and presented in Table 1
[33, 34]. As can be observed from Table 1, there is a
decrease in the cell ‘a’ parameter of Ce,Zr;_,O, solid
solutions, in comparison to pure CeO, (5.412 A), which
again is dependent on the preparation methodology [31].
Interestingly, the decrease is slightly more in the case of
microwave treated sample when compared to that of other
samples. As known, the decrease in the cell ‘a’ parameter is
due to shrinkage of the lattice when Ce** (0.97 A) ions are
replaced with smaller cations of 7t 0.84 A), in agreement
with Vegard’s law [35, 36]. The decrease in the cell ‘a’
parameter values is an evidence for incremental enrichment
of Zr-content in the Ce unit cell [37, 38]. According to lit-
erature, the Zr—O bond length in the cubic ZrO, is 2.21 A
which is much shorter than the Ce—O bond length of 2.36 A
in cubic CeO, [39]. Therefore, when zirconium substitutes
for cerium centers in cubic fluorite lattice, shrinkage of the
lattice takes place due to nonequivalent metal-oxygen bond
lengths and different bonding positions [39]. As per the
literature, the SAXS technique allows obtaining structural
information about inhomogeneities of the electron density in
the samples, with a characteristic length on the order of tens
to hundred of A [40]. It is also known as an appropriate
technique to obtain information on the size and shape of the
particles. A qualitative examination of the samples synthe-
sized in this study revealed (Fig. 3) that there is a significant
difference between the samples obtained by conventional
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Fig. 3 SAXS of Ce,Zr;_,O, nano-oxides synthesized by surfactant-
controlled and microwave (MW) or thermal treatment (TM) and
conventional precipitation (PT) methods

coprecipitation method and the surfactant assisted method.
However, there was no apparent difference in between the
microwave and conventional thermal treatment samples. Of
course, the SAXS patterns of all samples are typical of
“Porodian” solids in agreement with their specific surface
area and pore size distribution measurements [41].

As known, the cation order—disorder and lattice distor-
tion could be easily detected by conventional X-ray
diffraction method. However, the XRD technique does not
allow accurate identification of distortions of oxygen sub-
lattice and defects in the structure due to poor sensitivity of
the technique to the oxygen atoms in the presence of heavy
atoms such as Ce and Zr. Mobility of oxygen atoms in the
lattice is most critical for most of the applications of ceria-
based materials, both as ionic/electronic conductors and
redox catalysts. Therefore, a deep insight into the structural
features is highly desirable. Of course, Raman spectros-
copy is an established technique sensitive to both M-O
bond arrangement and lattice defects. The tetragonal phase
(P4,/nmc space group) normally exhibits six Raman-active
modes, while the cubic phase (Fm3m space group) only
presents one (F,,) Raman-active mode [42, 43]. However,
when the crystal symmetry is lower, more Raman modes
are usually allowed. The Raman spectra of variously syn-
thesized samples in this study are shown in Fig. 4. As
presented in this figure, the Raman spectra of various
samples show prominent broad peaks at ~460 and 620—
640 cm™' and a weak band at ~330 cm™'. The band at
~460 cm ™" corresponds to the triply degenerate F,, mode
and can be viewed as a symmetric breathing mode of
oxygen atoms around cerium ions [42—45]. Generally, a
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Fig. 4 Raman spectra of Ce,Zr;_,O, nano-oxides synthesized by

surfactant-controlled and microwave (MW) or thermal treatment
(TM) and conventional precipitation (PT) methods

@ Springer



130

B. M. Reddy et al.

strong 460 cm™' band with a weak ~320 cm™' peak
indicates the presence of cubic phase, which is present in
all samples. Interestingly, the typical characteristic band at
~460 cm ™" in the case of PT sample is more intense when
compared to that of other samples. It is a known fact in the
literature that intensity of Raman band depends on several
factors including grain size and morphology. In general,
inhomogeneous strain and phonon confinement are
responsible for broad and asymmetric character of the
bands due to smaller particle sizes [46]. The Raman band
in the 600-640 cm ™' region has most often been attributed
to defects [46, 47], and oxygen displacements that distort
the cubic structure, breaking the cubic symmetry and
selection rules of the cubic space group [7, 46]. Most
importantly, this band is very strong in the case of MW
sample and relatively weak in the case of PT sample. This
could be one of the reasons for MW sample to exhibit
better catalytic activity for CO oxidation described in the
later paragraphs of this section.

The external morphologies of the samples were exam-
ined by SEM technique and the representative images are
shown in Fig. 5. The SEM images reveal that all samples
consist of typical spherical agglomerates with almost uni-
form size within the nanometer size range. In particular, all
samples exhibited good homogeneity irrespective of the
preparation method. Interestingly, the MW sample exhib-
ited more amorphous features and densely packed
agglomerates of smaller crystallites. The PT sample showed
relatively better crystalline features followed by TM sample
in line with XRD results. Interestingly, the method of
preparation of Ce,Zr; _,O, solid solutions did not reveal any
significant change in the external morphology of the sam-
ples. To explore the structural features at atomic level, high-
resolution TEM studies were also performed. The repre-
sentative TEM images are shown in Fig. 6. The crystallite
size in all samples is distributed in a narrow range between
4 and 8 nm, revealing that the ceria—zirconia crystallites of
all the samples are highly homogeneous. The average
crystallite size is about 6 nm observed by TEM, which is in
good agreement with the values obtained from XRD anal-
ysis. Further, the high-resolution image contrasts obtained
from the experimental images are found to be associated
with the face centered cubic structure (fluorite) of the
Ce—Zr-oxide [48]. Interestingly, the TEM images revealed
that nano-oxides of Ce,Zr;_,O, obtained by microwave
treatment are randomly oriented and densely packed when
compared to that of thermally treated sample (TM).

The catalytic activity of the Ce,Zr;_,O, solid solutions
obtained by different methods was investigated for CO
oxidation. The conversion of CO as a function of reaction
temperature is presented in Fig. 7. The catalytic activity
measurements were performed at normal atmospheric
pressure and the conversion of CO was evaluated as per the
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Fig. 5 SEM micrographs of Ce,Zr;_,0, nano-oxides synthesized by
surfactant-controlled and microwave (MW) or thermal treatment
(TM) and conventional precipitation (PT) methods

procedure described in our earlier publication [49]. The CO
oxidation was observed to start after the temperature
reached ~450 K in all cases and subsequently increased
rapidly. The MW catalyst exhibited relatively better per-
formance compared to that of other samples. The
temperature at which 50% conversion occurred (light-off
temperature) was found to be 554, 561, and 574 K for MW,
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Fig. 6 TEM micrographs of Ce,Zr;_,O, nano-oxides synthesized by
surfactant-controlled and microwave (MW) or thermal treatment
(TM) and conventional precipitation (PT) methods

TM, and TP samples, respectively, giving rise to the cat-
alytic efficiency order of MW > TM > PT. In all cases
there was no big difference in the composition of the
Ce—Zr-oxide solid solutions except their specific surface
area. Interestingly, the reactivity order does not correlate
with the specific surface areas of the samples. From the
activity results it appears that the catalytic performance of
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Fig. 7 CO oxidation activity of Ce,Zr;_,O, nano-oxides synthesized
by surfactant-controlled and microwave (MW) or thermal treatment
(TM) and conventional precipitation (PT) methods at normal
atmospheric pressure

Ce,Zr;_,0O, is certainly influenced by microwave treat-
ment. It is worth mentioning here that both MW and TM
samples exhibited similar crystallite sizes in the nano-range
and TM sample showed more specific surface area than
that of MW sample. Therefore, the catalytic performance is
solely due to Ce,Zr;_,O,, which is influenced by the
presence of oxygen vacancies and lattice defects. Ceria
crystallizes in a cubic fluorite structure, where each cerium
cation is coordinated by eight equivalent nearest-neighbor
oxygen anions at the corners of a cube. The Zr*" insertion
into the Ce core structure leads to the formation of defects
in the ceria—zirconia lattice that induces a distortion of the
oxygen sub-lattice. If the ceria-zirconia solid solution
contains much less zirconium, it cannot induce sufficient
stress, and the oxygen mobility within the bulk will not
increase substantially. On the other hand, if the zirconium
content is too high, it will reduce the quantity of the redox
element Ce. Therefore, a definite balance between struc-
tural defects and the composition are the essential
requirement, and a balance between these two parameters
is a key factor to determine the CO oxidation activity of the
Ce,Zr,_,0, composite oxides [15]. Raman results pro-
vided strong evidence for the presence of more defects in
the case of MW sample. Of course, further studies are
essential to understand the positive influence of microwave
irradiation on the defect formation and subsequent high
catalytic activity of the sample.

Concerning the crystalline structure of ceria derived
from supramolecular templates and how it affects the for-
mation of lattice vacancies in the ceria structure and its
catalytic properties, some questions still remain. It should
be pointed out here that, in the structure containing cation
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defects, the lattice oxygen ions around cationic defects are
not fully bounced; these oxygen ions are mobile and more
active than the normal ones under the reaction conditions
because they may easily form free-like oxygen species by
breaking M—O bond symmetry when additional energy is
supplied. Therefore, the formation of cationic defects
seems favouring free-like oxygen species generation in the
bulk of the crystals that might migrate from the bulk to the
surface, promoting the surface reaction. The present results
indicate that cationic defect formation in the bulk structure
may be a possible origin of high mobility of the lattice
oxygen ions in ceria—zirconia solid solutions which even-
tually leads to more activity of this mixed oxide [7].
Further studies are highly essential to resolve some of these
issues. Nevertheless, the application of microwave energy
in the synthetic methodology of ceria—ziconia nano-oxides
exhibits a positive influence on their catalytic activity for
CO oxidation.

4 Conclusions

Synthesis of nanosized, uniformly distributed, mesoporous
and high specific surface area ceria—zirconia solid solutions
have been achieved via a neutral carbon block copolymer
surfactant-controlled synthesis combined with microwave
or thermal treatment. The surface and bulk properties of the
synthesized samples were examined by using various tech-
niques namely, XRD, SAXS, Raman spectroscopy, SEM,
TEM, surface area, and pore size distribution methods. The
catalytic activity for CO oxidation was evaluated at normal
atmospheric pressure. The Ce,Zr;_,O, nano-oxides syn-
thesized by employing surfactant exhibited a high specific
surface area and mesoporosity. XRD results confirmed the
formation of cubic Ceg¢Zrg40O, phase. Raman results
revealed the existence of more oxygen defects in the sur-
factant-controlled and microwave treated sample. The SEM
and TEM images suggested typical spherical agglomerates
with uniform nanosized crystallites in the 4-8 nm size
range. The Ce,Zr,_,0, mixed oxide synthesized by sur-
factant-controlled method followed by microwave
treatment exhibited better CO oxidation activity.
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