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A series of ceria and ceria-zirconia catalysts with varying composition and surface area have been sys-
tematically investigated in the oxidation of soot in the range of temperature 600 K < T<800 K. The samples
have been characterized by their textural and structural properties and formation of homogeneous solid
solutions has been confirmed. The activity in soot combustion has been measured both in the presence
and absence of gas-phase O, in order to characterize the contribution of surface and bulk properties of
the materials. It was shown that the number of active surface oxygen linked to ceria plays a major role,
while oxygen storage capacity, governed by introduction of zirconia, can be important when and where
oxidation of soot particles is operated in the absence or defect of gaseous oxygen. The role of Zr in sta-
bilizing surface area of ceria (thus increasing the number of surface active sites) is also important when
evaluating the effect of composition on soot oxidation activity.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

In the last years, the attention on negative effects of particu-
late matter generated from diesel engines has rapidly grown and
as a consequence the regulations on emissions become more strin-
gent. The legislative emission standards for diesel engine vehicles
suggest that, beside the results obtained by improving the engine
technology and the fuel quality, the employment of treatment
systems able to enforce the standards on soot emissions will be
necessary. As a consequence, various emission-reduction technolo-
gies have been developed and among them, filtering followed by
catalytic oxidation is particularly interesting [1,2]. A major issue
associated with this approach is the difficulty of spontaneous filter
regeneration during soot combustion. Several catalyst formula-
tions have been studied for this purpose with the aim of reducing
combustion temperature of soot below 600K [3-17]. The use of
NO/O, mixtures as oxidizing agent to shift the onset of oxidation
at lower temperatures was also extensively employed in the last
years [11,18-23].

Regarding the intimate mechanism involved in the oxidation
of carbon under O, atmosphere, several authors pointed out the
importance of redox properties of the catalyst. That is, the effec-
tiveness of the catalyst can be related to its ability to deliver oxygen
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from the lattice to the gas phase (or better to the solid carbon reac-
tant)in a wide temperature range [7]. Recently, it has been reported
that the use of catalyst formulations based on cerium oxide or CeO,
doped with transition metals [8,11,24-26], rare earth elements
[27,28,30-34] or alkali metals [8,11,29,35,36] confers interesting
properties to soot combustion catalysts due to high availability of
surface oxygen and high surface reducibility. The success of oxy-
gen storage systems based on ceria is due to their ability to change
oxidation state during operation (i.e. CeO, to CeO,_) maintain-
ing structural integrity, thus allowing oxygen uptake and release
to occur easily. In addition to the redox features many other fac-
tors can help improving the ability of ceria in soot oxidation. For
example the key role of ceria-soot interface region and therefore
of the ceria-soot contact has been demonstrated to be strongly
involved in the dynamic of reaction promoting the rate of trans-
fer of oxygen at much lower temperatures [13,37,38]. Doping of
ceria with other rare earth or transition elements further promotes
surface oxygen availability for oxidation reaction thus contribut-
ing to lower oxidation temperatures. A very well known dopant
for ceria is zirconium, which promotes bulk oxygen mobility in
ceria-zirconia solid solutions [39]. State of the art material for oxy-
gen storage in three-way catalysts (TWC) is constituted by ceria
and ceria-zirconia eventually doped with small amounts of rare
earth elements, added to enhance the redox features of ceria [40].
In this case homogeneity of solid solutions, structural features and
composition are the key parameters in successful catalyst design.
Since it is reported in the literature that strong relationships exist
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between oxygen storage/redox capacity and soot combustion activ-
ity [25,27,41,42], it is of interest to investigate if the knowledge
that has been accumulated on redox systems for TWC can help
in developing more active soot combustion catalysts. Although
ceria-zirconia based materials have been studied as catalyst for
soot combustion [14,16,25-27,31-34], there are many parameters
that can heavily affect their functioning under reaction conditions
and a unifying picture is still missing. In several studies the key
role of surface area/composition and oxygen storage capacity was
taken into account but, so far, their relative importance has not
been investigated in detail especially under conditions of varying
gas-phase oxygen concentration. The purpose of this work is to
gain further insights into the influence of surface area and OSC
in soot combustion over ceria-zirconia catalysts and evaluate the
parameters that govern the activity.

2. Materials and methods
2.1. Catalyst preparation and characterization

Ceria-zirconia solid solutions, in the entire composition range,
were prepared by coprecipitation at pH 9.5 starting from nitrates
in the presence of H,0, (a key parameter to increase the sur-
face area and the OSC of the materials) and using ammonia as
precipitating agent [43] Precipitates were dried at 393K and cal-
cined at different temperatures from 773 (fresh materials) to
1273 K, for 3 h. They will be indicated as CZXX-T, where XX is the
Ce/(Ce +Zr) atomic ratio (% unit) and T the temperature of calcina-
tion.

Textural characteristics of all fresh samples were measured
according to the B.E.T. method by nitrogen adsorption at 77 K, using
a Tristar 3000 gas adsorption analyzer (Micromeritics).

Structural features of the catalysts were characterized by X-
ray diffraction (XRD). XRD patterns were recorded on a Philips
X'Pert diffractometer operated at 40kV and 40 mA using nickel-
filtered Cu-K,, radiation. Spectra were collected using a step size of
0.02° and a counting time of 40 s per angular abscissa in the range
20-145°. The Philips X'Pert HighScore software was used for phase
identification. The mean crystalline size was estimated from the
full width at the half maximum (FWHM) of the X-ray diffraction
peak using the Scherrer equation [44] with a correction for instru-
ment line broadening. Rietveld refinement [45] of XRD pattern was
performed by means of GSAS-EXPGUI program [46,47].
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2.2. Reactivity measurements

The preparation of samples for catalytic measurements was
carried out by grinding and mixing known amounts of soot and
ceria-zirconia in a mortar for 10 min in order to obtain a tight con-
tact[48]. The kind of contact between catalyst and soot is extremely
important [7,49]: the tight contact conditions are poorly represen-
tative of the real working conditions experienced by the catalyst
deposited in a catalytic trap, but they allow a rapid screen of cat-
alysts under reproducible experimental conditions. Soot oxidation
activity was tested by running TGA experiments (Q500, TA Instru-
ments) either in the presence or in the absence of oxygen (N,
atmosphere) [9,50-57]. Under oxygen a soot/catalyst weight ratio
of 1:20 was adopted. The sample (soot + catalyst, ca. 20 mg) was
placed in a small flat Pt crucible licked by an air flow (60 ml/min)
tangent to the sample. As a measure of activity we used the temper-
ature at which 50% of weight loss is observed (T50, corresponding
to removal of 50% of soot). Reproducibility of results was tested by
running several TG experiments on similar samples and the results
in terms of T50 were always within 43 K. A typical oxidation profile
is shown in Fig. 1A (solid line).

To study the effect of lattice oxygen of ceria, soot oxidation
activity experiments in the absence of gas phase oxygen were car-
ried out in the same TG apparatus. The experiments consisted
in a temperature programmed reduction under inert gas flow
using known amounts of catalysts mixed with soot which acts as
reductant. Samples were pre-treated for 1h at 423K to eliminate
adsorbed water, and then they were heated under inert atmosphere
(N,@100 ml/min) at a constant rate (10 K/min) up to 1073 K. The
weight loss of the sample is due to formation of CO/CO; and is a
measure of activity of soot oxidation by oxygen from the catalyst.
As a measure of activity we used the weight loss in the range from
423 to 1073 K. Fig. 1A (dotted line) depicts a representative profile
showing loss of weight due to reaction between lattice oxygen and
carbon particles.

Oxygen storage capacity (OSC) of samples was investigated
by carrying out TGA experiments in Ar/(5%)H; mixture flow
(100 ml/min). Each sample was treated in N, atmosphere for 1h
at 553K, followed by heating at a constant rate (10 K/min) up to
673K and kept at this temperature for 15 min, to eliminate the
adsorbed water. Finally Ar/H, mixture was introduced while keep-
ing the temperature at 673 K for 30 min. The observed weight loss
(Fig. 1B) is due to oxygen removal by H; to form water, and it can
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Fig. 1. (A) Weight loss profile measured in a typical experiment under air flow (solid line) and under inert atmosphere (dotted line); (B) weight loss due to reduction operated

under Ar/H, mixtures in a typical OSC measurement.
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Table 1
Textural and structural characterization of ceria and ceria-zirconia samples.

Sample SA (m?/g) APo0S? (nm) PS (nm)® Phase Cell parameters Rietveld refinement
a=b=c(A) a=b(A) c(A)
CZ100-773 53 15 12 Cubic 5.410(1)
CZ100-873 44 14 15 Cubic 5.410(1)
CZ100-973 35 18 18 Cubic 5.410(1)
CZ100-1073 26 18 23 Cubic 5.410(1)
CZ100-1173 17 21 32 Cubic 5.410(1)
CZ100-1273 6 17 50 Cubic 5.410(1)
CZ75-773 73 13 6 Cubic 5368 (1)
CZ75-873 58 14 7 Cubic 5.368(1)
CZ75-973 49 17 8 Cubic 5.369(1)
CZ75-1073 36 19 10 Cubic 5.370(1)
CZ75-1173 24 25 14 Cubic 5.372(1)
CZ75-1273 10 30 22 Cubic 5.369(1)
CZ44-773 90 9 4 Tetragonal t/ 3.707(1) 5.366(1)
CZ44-873 69 11 5 Tetragonal t/ 3.709(1) 5.361(1)
CZ44-973 53 13 6 Tetragonal t/ 3.713(1) 5.358(1)
CZ44-1073 33 18 7 Tetragonal t/ 3.715(1) 5.355(1)
CZ44-1173 24 24 9 Tetragonal t/ 3.716(1) 5.368(1)
CZ44-1273 12 28 7 Tetragonal t’' (50%) 3.691(1) 5.315(1)
Tetragonal t' (50%) 3.777(1) 5.389(1)
CZ28-773 90 7 7 Tetragonal t/ 3.655(1) 5.267(1)
CZ28-873 75 8 7 Tetragonal t/ 3.656(1) 5.266(1)
CZ28-973 59 9 8 Tetragonal t/ 3.658(1) 5.267(1)
CZ28-1073 35 12 9 Tetragonal t/ 3.658(1) 5.263(1)
CZ28-1173 26 16 11 Tetragonal t/ 3.656(1) 5.259(1)
CZ28-1273 9 26 17 Tetragonal t’ (85%) 3.650(1) 5.249(1)
Tetragonal t' (15%) 3.728(1) 5.374(2)

4 Average pore size.
b Particle size calculated by Scherrer equation [41].

be associated to total oxygen storage capacity at that temperature
[26,58].

3. Results and discussion
3.1. Textural and structural characterization

Textural and structural characterization of all samples inves-
tigated in this study is reported in Table 1. Fresh materials have
surface area in the range 50-90 m?2/g. Increasing the temperature of
calcination the surface area progressively decreases and the particle
size increases, due to the sintering induced by thermal treatment;
the aging strongly influences all samples, with a more pronounced
effect for Zr-free materials. In accordance with literature [59,60]
the introduction of zirconia enhances the thermal stability of ceria-
based systems and allows maintaining a greater surface area after
aging which is an important issue in soot oxidation where the
number of contact point between soot and catalyst is of primary
importance.

The pore size distribution of each sample was evaluated from
N, desorption isotherm. The isotherms for each sample are of type
IV, typical of mesopouros materials. It is important to note that
the first part of the isotherm is not very pronounced consequently
materials do not present any microporosity as confirmed by the
t-plot analysis. The intercept of the t-plot is almost zero for each
sample and the surface area due to micropores is negligible. More-
over, the hysteresis is of type H3 (IUPAC classification) indicating
a very wide pore size distribution. Fig. 2 shows that an increase in
the amount of zirconia in the solid solution, induces changes in the
pore size distribution with a shift to lower pore diameter (the trend
is the same for each temperature of calcination and only materials
calcined at 773 K are shown for sake of clarity).

The structural features of the samples analyzed by XRD are
also shown in Table 1. All these materials form a solid solution
between ceria and zirconia and XRD do not show any evident
peak splitting due to the presence of mixed oxide phases. It is

very well known that the method of synthesis and treatments
strongly influenced structural characteristics of ceria-zirconia [61]
and that transition to one structure to another may be critically
influenced by several parameters [62]. Our measurements sug-
gest that for binary ceria-zirconia samples with cerium content
greater than 50 mol% the formation of a cubic fluorite lattice is
favoured. This is in accordance with literature, where generally
the limit for formation of a cubic (either cubic or tetragonal t’)
solid solution is found at ca. 50 mol% CeO, [63]. Thus all our cerias

0,5
composition
0.45 s CZ100
' e CZ75
A Cz44
0,4 & CzZ28
0,35
9 03
[3]
L
o 4
o 0,25
o
°
> 021
he]
0,15
0,1
0,05 L
0 1
1 10 100

pore diameter (nm)

Fig. 2. Pore size distribution for samples calcined at 773 K(CZ100, m; CZ75, ®; CZ44,
A; CZ28, ¢).
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crystallize in a cubic fluorite structure of Fm3m symmetry with
almost identical cell parameters. A similar situation is found with
CZ75 samples that crystallize in a cubic structure; the value of
a=5.369 fits well with data reported previously [62,64]. No indi-
cation of phase splitting is detected after aging, which is in line
with what found on ceria-rich samples after similar treatments
[65]. This however cannot exclude that thermal treatment might
induce some phase assessment at a nano-scale level, with small
compositional variations, which have been indicated as responsi-
ble for enhancement of oxygen exchange in samples obtained using
similar procedures [58]. In the range of composition 25-45 mol%
CeO, good agreement between the refinement and a tetragonal
structural model confirms that all samples belong to the t’ tetrago-
nal phase with space group P4, /nmc. No peak splitting that would
indicate the presence of two phases could be detected, and there-
fore, the diffraction patterns demonstrate the formation of a single
solid solution-like ceria-zirconia phase (exception made for CZ44-
1273 and CZ28-1273). Again, this cannot exclude the presence of
different arrangements of oxygen sublattice or the presence of a
multi-phase system at a nanoscale level, not detected by XRD. In
both CZ44 and CZ28, after calcination at 1273 K, XRD features show
a peak splitting that indicate a segregation into two t’ tetragonal
phases with space group P4, /nmc.

After calcinations, only a slight modification of the structural
parameter is observed which does not affect overall phase distri-
bution. In summary, XRD characterization of binary ceria-zirconia
solid solutions confirms the homogeneity of samples (within the
limits outlined above) with the identification of mainly cubic and
tetragonal t' phases [66].

3.2. Catalytic activity under O, atmosphere

CeO,, as support/active catalyst in diesel soot oxidation has been
the subject of several studies [3,8,10,11,30,67] aiming at finding a
relationship between combustion activity under conditions typi-
cal of diesel exhaust and the characteristics of the materials. Some
authors attribute a key role to the surface/textural properties of
ceria [27,30,41] or to pore size distribution [68,69], others agree
in explaining the activity of cerium oxide with its oxygen storage
and redox capacity [14,24,70,71]. The introduction of Zr strongly
modifies redox and structural/defect characteristics of pure ceria
and the complexity of determining relations between activity and
redox properties is further increased. One of the most important
roles of CeO, in catalytic redox reactions is to provide surface active
sites [72] and to act as an oxygen buffer providing oxygen stor-
age/transport by shifting between Ce** and Ce3* during reaction.
That is, the presence of surface active oxygens from one side, and
the oxygen storage capacity from the other, are among the most
important factors to be considered. These, in turn, are strongly
influenced by surface area and surface/bulk composition. In the
following section we will try to correlate the variables mentioned
above with soot oxidation activity both in the presence and absence
of gas-phase oxygen in order to obtain a more general picture of the
behaviour of these catalysts.

Fig. 3 shows the results of soot combustion studies carried out
under air over ceria and ceria-zirconia. All the catalysts examined
are active in promoting soot combustion in the range of tem-
perature from ca. 600K to 800K. As a measure of activity the
temperature at which 50% weight loss is observed (T50, corre-
sponding to the temperature at which 50% of soot is converted
under tight contact conditions) was used. These values are reported
against composition for every calcination temperature and for each
series the curve assumes an almost inverse volcano-type profile
with a minimum in the middle composition range (CZ75). For
ceria-zirconia, this is a typical characteristic of phenomena driven
by the redox features of the catalyst [26,73].
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Fig. 3. T50 against composition as obtained from TG experiments over soot/catalyst
mixtures under air.

Fig. 4 displays the activity against surface area for each composi-
tion. The activity shows a marked dependence against surface area;
in particular a decrease in surface area leads to an increase in T50 in
agreement with recent results [27,30,41]. Fig. 4 shows also that the
behaviour of T50 is dependent on surface area values. For surface
area above a value of ca. 40 m2/g variation in T50 is less influenced
by large variations of surface area while important effects in AT50
are observed for lower surface area values, as evidenced by a change
in the slope of the curve at ca. 35-40 m2/g. It is therefore impor-
tant to maintain surface area above a minimum value to avoid a
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Fig. 4. T50 against surface area for each composition as obtained from TG experi-
ments over soot/catalyst mixtures under air.
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large drop of activity. Fig. 4 also highlights that, catalyst formula-
tions having similar surface area but different composition, show
very different activity. For example, samples CZ75-773, CZ44-873
and CZ28-873 with surface area around 70m?/g (73, 69 and 75,
respectively) shows very different T50 values (647K, 667K and
690K, respectively). This is better evidenced in Fig. 5A where the
values of T50 for samples with surface area values in the same

range are reported, and samples with a higher amount of ceria
result to be more active. While on average it is observed that activ-
ity increases by increasing surface area there are several samples
which show similar values of T50 while having very different sur-
face area. It seems therefore that surface area alone cannot explain
the order of activity but this should take into account the right
combination of surface area and composition. For that reason it is
important to correlate overall activity with total available surface
active oxygens (which are linearly dependent on the amount of
ceria) and total oxygen storage capacity (which generally shows
a volcano-type relation with composition, Table 2). The number
of total surface oxygens (TSO) have been estimated according to
Madier et al. [73] starting from the structure and the molar com-
position of the oxide considering the exposure of (100),(110)and
(111) surfaces and assuming that Zr atoms do not participate to
the redox process. The number of total surface available oxygens
(TSAO) represents a fraction of total surface oxygens considering
that only one atom out of four is involved in the Ce**-Ce3* redox
process [73-75]. OSC data were collected according to the method
described in the experimental part. In agreement with data from
the literature, OSC of homogeneous ceria-zirconia solid solutions
is reported to be dependent on composition showing a maximum
in the composition range CexZr;_yO, with 0.4<x<0.7 [25,73,76].
Fig. 6(A and B) illustrates the relationships between activity and
surface oxygens/OSC; there is a clear dependence of the activity
against surface oxygens (Fig. 6A) with a large increase in T50 with
decreasing available oxygens. Their number depends on surface
area and composition; at constant surface area values, the num-
ber of surface oxygens is linearly dependent on the amount of ceria
(Fig. 5B). Comparison between Fig. 5A and B shows that if sam-
ples with similar surface area are compared the catalysts with a
higher amount of ceria and consequently a higher amount of avail-
able oxygens are more active. This is in line with what reported
in literature, where the role of ceria is expected to be that of pro-
viding oxygen species to the soot at a temperature lower than that
of the direct activation of gaseous O, by the carbon soot particles
[37,38].

No clear correlation was found by comparing activity against
OSC (Fig. 6B). Although as a weak indication oxidation temperature
seems to decrease with OSC there are a few samples where large
differences in OSC end up with the same T50. It is evident that
the OSC of the catalyst does not have a predominant role in the
reaction under lean atmosphere, where there is enough gas phase

Table 2

Total surface available oxygens and OSC.
Sample 0OSC (g02/g) TSAO (mol 0/g) Sample 0SC (g02/g) TSAO (mol 0/g)
CZ100-773 552 225 CZ44-773 2944 182
CZ100-873 345 189 CZ44-873 2074 141
CZ100-973 68 152 CZ44-973 1543 107
CZ100-1073 20 113 CZ44-1073 985 68
CZ100-1173 18 75 CZ44-1173 781 48
CZ100-1273 15 28 CZ44-1273 89 20
CzZ75-773 1947 240 Cz28-773 1585 119
CZ75-873 1525 192 CZ28-873 1357 100
CZ75-973 1196 161 CZ28-973 1092 79
CZ75-1073 1043 117 CZ28-1073 837 47
CZ75-1173 937 81 CZ28-1173 248 34
CZ75-1273 706 40 CZ28-1273 10 12

Surface available oxygens are the estimate of surface O atoms available for reduction. The calculation was based on the assumption that all surface O associated with ceria is
available for the redox reaction. Further we assume that O associated with Zr cannot be removed and that Zr is present on the surface in the same concentration as the bulk.
Using these assumptions, the total surface available oxygens (TSAO) are calculated using the following equation:

_ SA(mm?/g)Xce-O(atom/nm?)- 10 (mmol/mol)-0.25
TSAO = < Ny (atom/mol)

where SA is the surface area, Xce the molar fraction of Ce in the material, Ny the Avogadro number and O is the number of total surface oxygens (TSO) calculated according

to Ref. [73] considering the average exposure of (100)+(111)+(110) surfaces.
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Fig. 6. T50 against total surface oxygen availability (A) and OSC (B) as obtained from TG experiments on soot/catalyst mixtures under air.

oxygen to refill surface oxygen sites when depleted by the reaction.
The lack of correlation is also apparent from comparison of Fig. 5A
and C where the effect of OSC is reported for samples with similar
textural properties. It seems therefore by introduction of Zr does
not have a direct beneficial effect on soot oxidation under air since
it decrease the number of surface active oxidation site, which are
directly dependent on the number of Ce atoms.

3.3. Catalytic activity under inert atmosphere

Arather different situation is found performing oxidation under
an inert atmosphere. The TG profiles show a continuous weight
loss starting at ca. 450 K with evolution of CO,. In order to exclude
contributions from O, desorption/removal from the sample, blank
experiments on all catalysts were carried out by running a tem-
perature programmed analysis in the absence of soot. The overall
results are reported in Fig. 7 and as a measure of activity the weight
loss was used. The curve has a maximum in the middle composition
range, for each temperature of calcination, thus pointing out that
participation of lattice oxygen in soot oxidation may contribute to
overall activity. In Fig. 8 the dependence of activity against surface
oxygens and OSC is shown. It is clearly seen that an almost lin-
ear relationship exists between oxidation activity and OSC while
the data of activity against surface oxygens are rather scattered,
although the overall behaviour evidences a slight positive effect.
It is evident that in the absence of gaseous oxygen, when surface
lattice oxygen of ceria-zirconia is utilized for soot oxidation the
resultant vacant site is refilled by sub-surface/bulk oxygen and the
dynamic of the process is governed by OSC of the catalyst. In this
case the presence of Zr helps in creating structural defects which
result in higher oxygen mobility.

A simple redox route mechanism for soot oxidation, which
utilizes oxygen activated from the support in a typical reduc-
tion/oxidation path (Mars Van Krevelen type) in which the catalyst
undergoes a partial reduction, can be envisaged. A schematic repre-
sentation of soot oxidation arranged from that presented by Katta
et al. [16] in the case of ceria-lanthana is reported in Fig. 9. In
the presence of air the active surface oxygens spill/transfer over
the soot leading to formation of CO/CO, which then desorbs in
the gas phase; surface vacancy is readily replenished by gaseous
0, with regeneration of surface active oxygen. In the absence of
gaseous O, or in the case of oxidation of big soot particles where
steric/geometric constrains prevent easy access of gas-phase oxy-
gen the regeneration of surface oxygen is operated by sub-surface

or bulk diffusion of lattice oxygen. It is therefore expected that
nature, dimension, location of soot/catalyst interface will strongly
affect this mechanism by changing the overall degree of partici-
pation of bulk oxygen to the soot oxidation mechanism. In a real
situation both mechanism might coexist, with surface contribu-
tions prevailing over bulk lattice effects. This is well summarized
by the different degree of spreading of the values of activity of the
two curves of Fig. 6. The extent to which oxygen storage governs
the overall activity under air cannot be clearly separated from other
contributions but it is certainly important because it provides an
alternative route for the oxidation of big soot particles in contact
with ceria, where access of gas-phase oxygen is hindered by other
factors.
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Fig.7. Weightloss of ceria-zirconia samples subjected to temperature programmed
reduction experiments in the presence of soot under inert atmosphere.
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Fig. 9. Schematic representation of oxidation of soot in the presence and absence
of gas-phase oxygen.

4. Conclusion

Homogeneous ceria-zirconia solid solutions have been pre-
pared and their structural and textural properties determined by
XRD and BET measurements. Thermogravimetric and temperature-
programmed methods have been employed to study their soot
combustion properties in the presence and absence of oxygen. It is
shown that the likely mechanism involves oxidation of soot oper-
ated by surface active oxygens donated by ceria-zirconia at a much
lower temperature than that possible with gas-phase oxygen. The
defect/vacancy created by oxidation is refilled by gaseous oxygen
and/or sub-surface bulk oxygen. In the former case the activity is
influenced by the amount of surface cerium atoms (which deter-
mined the amount of active oxygens) while in the latter case the
activity is influenced by OSC of the materials and therefore by
composition (Ce/Zr ratio) and only to a lower extent by surface
properties. The two mechanisms/phenomena certainly coexist dur-
ing reaction and their relative significance on the overall reaction
is dependent on several factors like accessibility of gaseous oxygen
and number, location, shape and dimension of ceria-soot interface.
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