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ABSTRACT

Substituted La1-xCexCoO3 perovskite-type oxides (0.0≤x≤0.9), prepared by the self-combustion method, have been investigated as catalysts in soot combus-
tion. The characterization results indicate modification in the specific surface area, crystal structure, oxygen mobility and reducibility of cobaltite upon cerium 
substitution. Cobaltite structure does not tolerate more than 50% substitution of La by Ce. For higher Ce substitution the perovskite structure is lost and mixed 
oxides are detected. Further destruction of the perovskite structure in a reductive process indicates a lower catalytic role of the perovskite structure in the catalytic 
combustion of soot regarding to the chemical composition of the La1-xCexCoO3 system. After the reductive process, only a slight increase in the catalytic activity 
of the samples with low Ce content (x≤0.3) while a larger increased was detected for those with larger amount of Ce(x≥0.5). These results suggest that the activity 
of these materials for soot combustion is improved by two factors: i) the increasing of CeO2 content, closely related to higher material capacity for oxygen transfer 
from catalyst to carbonaceous surface and ii) the formation of larger CeO2 crystals in the higher-Ce-content samples after H2 reduction, responsible of the improve-
ment of the oxygen exchange and number of contact points between catalyst and soot.
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1. INTRODUCTION

Diesel engines play a vital role in the modern society since they are widely 
used in heavy-duty transportation and power generation. The application of 
diesel engines in these fields is motivated because of the high efficiency of the 
engines, their low-operating costs, high durability and reliability. However, 
the diesel engine is one of the largest contributors to environment pollution 
problems worldwide, and will remain so, with large increases expected 
in vehicle population causing ever-increasing global emissions of diesel 
particulate matter and nitrogen oxides. Particulate matter consists mostly of 
carbonaceous soot with minor components of volatile organic fraction, from 
unburned fuel, and inorganic compounds such as ash and sulphur compounds. 
The particulate material is responsible for serious adverse effects on human 
health, physiology of plants, environment, building materials and global 
warming. For these reasons, legislative restrictions for emission levels 
have stimulated the development of new catalysts and technologies for the 
abatement of soot particulates. Among the traditional catalytic systems for soot 
combustions such as noble metals[1], oxides and mixed oxides[2], alkali based 
materials[3]; perovskite-type mixed oxides have received recently considerable 
attention for this purpose[4-8]. Perovskite-type oxides are represented by the 
general formula ABO3, where the A-site metal is usually a rare earth element, 
and the B-site metal is a first row transition metal. Due to the number of 
possible combinations of metals for the A and B-sites, perovskites can be 
tailored to create a wide family of catalysts, by varying either the A-site and/or 
the B-site metal ion. Thus, pure and doped lanthanum chromites, manganites 
and cobaltites, have been tested with mixed results in the catalytic combustion 
of soot [9]. Recently, a Pr0.7Sr0.2K0.1MnO3perovskite type catalyst on a ceramic 
filter has been point out has a promising soot catalyst and that more detailed 
investigations must be carried out to understand their catalytic behavior [10]. 
Cerium is usually reported as a good promoter in perovskite lattice. Partial 
substitution of lanthanum by cerium or strontium on cobalt based perovskites 
leads to an increase in catalytic oxidation [11].When perovskite-type oxides are 
submitted to a reduction process, the low thermal behavior of these materials 
under reductor atmosphere allow to produce nanometric metal particles, in 
a high dispersion degree [12] modifying the oxygen storage capacity of the 
catalyst. The substitution of the lanthanum cation La3+ by an oxygen storage 
cation as cerium, with the capacity of the redox Ce3+/Ce4+ couple, must have a 
direct effect in the reducibility of the perovskite structure and dispersion degree 
of the pure or mixed La2O3 and CeO2 oxides. 

In this article it is proposed to use calcined and reduced Ce-doped lanthanum 
cobaltite’s;  LaxCe1-xCoO3,x=0.1→0.9 on the catalytic combustion of soot. The 
synthesis, characterization and the effect of reduction and substitution degree 
on the catalytic activity is reported. 

2. MATERIAL AND METHODS

2.1 Preparation
Pure cobaltite (LaCoO3) and substituted La1-xCexCoO3 (x=0.1, 0.3, 0.5, 

0.7, 0.9) catalysts were prepared by the self-combustion method [13]. Glycine 
(H2NCH2CO2H), used as ignition promoter, was added to an aqueous solution 
of metal nitrates with the appropriate stoichiometry in order to get a NO3

-/
NH2 (molar ratio) = 1. The resulting dissolution was slowly evaporated until a 
vitreous green gel was obtained. The gel was heated up to around 250°C, tem-
perature at which the ignition reaction occurs producing a powdered precursor. 
The solids were crushed and sieved to obtain the required particle size (<200 
µm) prior to calcination at 700°C in air for 10 h to eliminate the remaining 
carbon. Even though in some of the calcined solids the perovskite structure is 
not reached, for uniformity it has been maintained the nomenclature La1-xCex-
CoO3. To study the thermal stability in hydrogen, the calcined perovskites were 
reduced under pure hydrogen flow (50 mLmin-1) at 500°C for 2 h. After, the 
reactor was purged with nitrogen and cooled down to room temperature, placed 
in a cryostatic bath and a flow of 5%O2/Ar was admitted into the reactor for 1 h. 
Afterwards, it was purged for 30 min with N2 under the same cryostatic condi-
tions and finally the bath was removed and the catalysts were stabilized at room 
temperature. These materials are referred as reduced samples in this paper. 

2.2 Characterization
Chemical analysis of the samples was carried out by atomic absorption 

spectroscopy (AAS) using a Perkin Elmer instrument model 3100. Samples 
were dissolved in HCl and HNO3 acids dissolutions and then appropriately di-
luted to get concentrations of lanthanum, cerium and cobalt within the calibra-
tion range of the instrument. Specific surface (SS) areas were calculated using 
the BET method from the nitrogen adsorption isotherms, recorded at 77 K on a 
Micromeritics apparatus Model ASAP 2010. X-ray powder diffraction (XRD) 
patterns were obtained with nickel-filtered CuKα1 radiation (λ = 1.5418 Å) 
using a Rigaku diffractometer controlled by a computer. TPD-O2experiments 
were performed in a TPR/TPD 2900 Micromeritics system with a thermal con-
ductivity detector. The samples were exposed to oxygen for 1 h at 600°C, fol-
lowed by cooling to room temperature in the same atmosphere. After switching 
the atmosphere to a helium flow, the sample was heated at a constant rate of 
10°Cmin-1 and the desorbed oxygen was monitored with a thermal conduc-
tivity detector. Temperature programmed reduction (TPR) experiments were 
performed in a TPR/TPD 2900 Micromeritics system with a thermal conduc-
tivity detector. Samples were placed in a U-shape quartz tube and purged in a 
synthetic air stream of 50 mLmin-1 at 500°C for 1 h and then cooled to ambient 
temperature. A cold-trap was placed just before the TCD of the instrument to 
remove the water from the exit stream. 

2.3 Catalytic activity
The catalytic activity of the solids was investigated using carbon black 

(CB) as model of soot. The catalyst-CB mixture for the assessment of the cata-
lytic activity was prepared mixing 4 mg of CB and 16 mg of catalyst in tight 
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contact. The catalytic oxidation of the CB was carried out in a thermogravi-
metric apparatus (Netzch 409 PC) with 7.5 mg of the mixture heated in 180 
mLmin-1 flow of air at 10°Cmin-1 up to 800°C. The combustion rate was nor-
malized dividing by the initial weight of CB in each sample. The temperature 
at which combustion occurs at the maximum rate, denoted as Tm, and the cata-
lytic activity index (CAI) defined as the difference between the temperatures 
for the catalyzed and uncatalyzed reaction, that is: CAI=(Tm)uncat – (Tm)cat was 
taken as a measure of catalytic activity[14].

3. RESULTS

3.1 Catalytic Activity
Figure 1 shows the DTG curves for CB combustion of the calcined (solid 

line) and reduced (dotted line) solids. The catalytic activity is estimated from 
the temperature corresponding to the maximum of DTG curve, Tm. Higher 
values for Tm means lower catalytic activity. The Tm for the uncatalized CB 
combustion is 650°C, so all tested samples exhibit a significant catalytic activ-
ity; even the less active solid, LaCoO3, decreases the Tm value in about 200ºC.
It is also observed that the catalytic activity of calcined samples (solid lines) 
increases with the increase of the cerium content in the catalyst, and the higher 
CAI is observed for La0.1Ce0.9CoO3, which is the sample with the highest Ce/
La mass ratio (Fig. 1).

In order to evaluate the effect of perovskite-type structure on CB com-
bustion reaction rate, the calcined samples were reduced in H2 at 700ºC to 
destroy the perovskite structure. After that, the samples were again tested as 
catalyst for CB combustion (Fig. 1, dotted lines). It is observed that the reduc-
tion process did not significantly affect the catalytic activity of low-Ce-content 
samples (x=0,0.1,0.3), while an important decrease of Tm value was observed 
for those samples with higher Ce content, which burned the soot at tempera-
tures as lower as 354°C.Fig. 1 also shows that for the reduced samples with 
higher Ce content (x = 0.5, 0.7, 0.9) not only the Tm values decrease but also 
the maximum reaction rate for CB combustion increases. On the other hand, 
the lower La content in the catalysts the higher CAI value for both calcined and 
reduced samples (Fig.1, Table 1).

Table 1: Tm for La1-xCexCoO3 catalysts. Tm = 650ºC for uncatalyzed CB 
combustion.

xCe

Tm,°C CAI, °C

calcined reduced calcined reduced

LaCoO3 0.0 454 437 200 213

La0.9Ce0.1CoO3 0.1 476 438 174 212

La0.7Ce0.3CoO3 0.3 445 429 205 221

La0.5Ce0.5CoO3 0.5 430 390 220 260

La0.3Ce0.7CoO3 0.7 415 369 235 281

La0.1Ce0.9CoO3 0.9 405 354 245 296

3.2 Elemental composition
The Atomic Absorption Spectroscopy composition of the La1-xCexCoO-

3samples shown in Table 2 indicatesthat experimental lanthanum, cerium and 
cobalt contents approach to the nominal ones. 

3.3 Specific area
The BET areas of the calcined and reduced solids are summarized in 

Table 2. It can be seen that the reduction process decreases the surface area 
of the solids. The reduced cobaltite and the one with lower Ce content (x=0.1) 
exhibits the lowest SBET, of 7 m2g-1, and a progressive increase is observed for 
larger cerium-content samples, till the highest value of 14 m2g-1for the highest 
Ce-content sample (x=0.9) is achieved. The obtained values for BET area of 
the calcined solids are in the range of previously reported for other lanthanum 
perovskites-type oxides [15, 16]. It is worth mentioning, that not always a direct 
relation between BET surface area of the catalyst and the combustion rate of 
carbon black have been previously observed for this type of heterogeneous 
catalytic reaction [2, 7, 17], since the catalytic combustion of soot takes place 
in the so-called triple contact point (catalyst-carbon black-O2), where the solid 
catalyst, the solid soot and the gaseous reactant meet together.

3.4 X-ray diffraction (XRD)
The samples calcined at 700°C (Fig.2, solid lines) with lower Ce con-

tent (LaCoO3, La0.9Ce0.1CoO3) show well defined perovskite crystal struc-
ture, with sharp reflections and absence of any other crystalline phases. Co-
baltite (LaCoO3) belongs to a well crystallized rhombohedral structure ( JC-
PDF-480123) in agreement with previous results [18]. Moreover, two different 
behaviors can be detected as a function of the Ce content in the solids. For 
samples with lower Ce content (x=0.1, 0.3, 0.5) the diffraction profiles indicate 
presence of the rhombohedral structure of LaCoO3perovskite, with the appear-
ance of a diffraction peak at 2θ=28.7°, attributed to segregated CeO2 phase. 
Only for the higher Ce content,  ≥ 0.5 it is also detected Co3O4 as segregated 
phase. It can be seen that the diffraction lines corresponding to CeO2 increases 
in line with the decrease of the diffraction peak at 2θ=33° corresponding to 
the perovskite-type structure. Moreover, the decrease in intensity of the line 
at 2θ=33° is accompanied with the disappearance of the characteristic doublet 
of the rhombohedral structure (2θ of 33°). It is noticeable no shift of the 2θ 
values, indicating no distortion of the perovskite structure upon Ce substitu-
tion, an expected result due to the similar ionic radii of La3+ and Ce3+; 0.136 and 
0.134 nm respectively. The diffraction patterns of larger Ce-content sample 
(x=0.7,0.9) show: i) absence of diffraction peaks attributed to the perovskite 
structure, which suggests that thermodynamic stability of perovskite structure 
is limited by the substitution degree of La by Ce, regardless of the similarity 
between ionic radii of La3+ and Ce3+; ii) absence of diffraction peaks attrib-
uted to single or mixed lanthanum oxides; iii) appearance of two new crystal-
line phases that corresponds to CeO2 (JC-PDF 340394) and Co3O4 (JC-PDF 
421467). The lack of lanthanum diffraction patterns can be taken as indicative 
of highly dispersed lanthanum oxide formation as a consequence of calcination 
at 700°C; also the La oxide phase can be in an amorphous form or incorporated 
to CeO2. The XRD patterns of the calcined (solid lines) and the reduced (dotted 
lines) solids can be compared in Figure 2. Larger structure changes after H2 
treatment at 700ºC were observed for samples with lower Ce content (x≤0.3), 
while calcined and reduced samples with higher Ce content (x=0.7,0.9) show 
very similar XRD patterns. For the samples with lower Ce content (x=0.1, 0.3, 
0.5) the most intense diffraction peak of the perosvkite-type structure (2θ=33°) 
fully disappears after reductive treatment, indicating a low thermal stability in 
H2 atmosphere. The diffraction lines of the reduced solids indicate the presence 
of La2O3, La2CoO4, CeO2 as segregated phases as well as Co°, which appears 

Figure 1. Thermogravimetric assays for the catalytic combustion of CB. 
(─) calcined, (▬)  reduced.
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in the two broad peaks at 2θ=44.3° and 51.5°, probably in a high dispersion 
degree. For x≥0.5, a careful inspection of the diffraction profiles reveals no 
significant changes in the crystalline structure after hydrogen treatment and 
absence of diffraction lines belonging to single or mixed lanthanum oxides. 
Since the reduced samples with higher Ce content showed the higher cata-
lytic activity for soot combustion, the effect of reductive treatment on the CeO2 
mean crystal size was evaluated by using the Debye Scherrer equation. The 

diffraction line at 2θ=28.7ºwas used to calculate the mean crystallite size of 
CeO2 and the results are shown in Figure 3. It is observed no effect of reductive 
treatment on the CeO2crystal size for samples with low Ce content. Moreover, 
for calcined samples the CeO2 crystal size seems to be independent of the Ce 
content. On the contrary, the CeO2 particle size increases with the Ce content 
for higher-Ce-content samples after H2 treatment at 500ºC. 

Table 2: Bulk composition (wt%) and SS area for La1-xCexCoO3 catalysts.

xCe La1 Ce1 Co1
S BET, m

2g-1

Calcined reduced

LaCoO3 0.0 55.8  (56.5) --- 24.2 (24.0) 10 7

La0.9Ce0.1CoO3 0.1 50.2  (50.8) 4.9  (5.7) 24.4  (24.0) 10 7

La0.7Ce0.3CoO3 0.3 39.1  (39.5) 16.9  (17.1) 24.0  (23.9) 14 10

La0.5Ce0.5CoO3 0.5 26.9 (28.2) 27.9  (28.4) 23.5  (23.9) 15 11

La0.3Ce0.7CoO3 0.7 15.8 (16.9) 40.3  (39.8) 23.6  (23.9) 18 12

La0.1Ce0.9CoO3 0.9 6.3  (5.6) 50.9 (51.1)   22.9 (23.9) 19 14

1 Estimated error is below 1% (Nominal values are in parentheses)

               Figure 2. XRD profiles for La1-xCexCoO3 catalysts: a) calcined; b) reduced.

Figure 3. CeO2 mean particle size for La1-xCexCoO3 catalysts. (Δ) calcined; 
(▲) reduced

Besides surface area and crystalline structure characterizations, the surface 
redox properties of the catalysts, i.e., reducibility (TPR) and surface oxygen 
stability (TPD-O2) were also measured, since these properties have shown to be 
closely related with the catalytic activity for soot combustion [19].

3.5 Temperature-Programmed Reduction (TPR)  
The temperature-programmed reduction profiles (TPR) shown in Figure 4 

indicate that for pure LaCoO3 the reduction process does not occur in a single 
step.  The first reduction peak at 365°C corresponds to an intermediate oxygen-
deficient perovskite structure (LaCoO3-δ) and the complete reduction of the 
perovskite, with formation of La2O3, La(OH)3, H2O and Coº corresponds to 
the second reduction peak at 530°C [20]. The one at lower temperatures is at-
tributed to surface oxygen species, while the reduction of the cobaltite structure 
(LaCoO3 = ½ La2O3 + CoO +1/4 O2) occurs at higher reduction temperature. 
Upon Ce content, broader peaks with a progressive decrease in the reduction 
temperature of cobalt with the reduction of cerium between the two reduction 
peaks of cobalt can be clearly seen in Figure 4. The shift of the reduction peaks 
to lower temperatures implies an increase in the reducibility of the catalysts. 
Since soot oxidation, is a redox reaction, it is expected that the enhancement of 
the low-reducibility of the catalysts must have a positive effect in the catalytic 
activity to the soot combustion.
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Figure 4. Temperature-programmed reduction profiles for La1-xCexCoO3 
catalysts. 

3.6 Oxygen-Temperature Programmed Desorption (O2-TPD)
The evolution of oxygen during temperature-programmed desorption 

(O2-TPD) experiments are also closely related to the redox properties of 
the catalysts[21]. It is well known that depending on the oxygen desorption 
temperatures, physical, α-oxygen’s and β-oxygen’s can be detected. Physical 
oxygen’s correspond to the low desorption peak centered at ∼80°C, which 
comes likely from weakly held oxygen species. The namely α-oxygen’s 
are ascribed to adsorbed oxygen at oxygen vacancies that desorbs between 
200°C to 500°C [22] and the so-called β-oxygen associated with the lattice 
oxygen desorbs up to 600°C with partial reduction of the B site metal to lower 
oxidation state[23]. These desorbed oxygen species are of less importance 
in soot combustion since the reaction occurs at lower temperature. Figure 5 
displays the obtained O2-TPD profiles. The  large desorption peaks located at 
~90°C indicates the presence of weakly physisorbed oxygen species, with no 
dependence of the Ce content and not related with catalytic activity. Meanwhile, 
a beneficial effect in the α-oxygen’s can be related with the Ce content. The 
importance of the surface oxygen’s species is their close relation with the 
oxygen vacancies in the perovskite structure, that can activate the molecular 
oxygen forming active oxygen species in the ABO3 structure[24]. Since TPD-
MS experiments confirm that the evolved gas and the He flow only contain 
oxygen, the deconvolution of the oxygen desorption curves using a Lorentzian 
peak shape allow to calculate the amount of desorbed oxygen. The obtained 
profiles were deconvoluted and only the desorbed oxygen corresponding to the 
α-oxygens are displayed in Table 3. It can be seen a continuous increase with 
Ce content. The larger activity of the higher Ce substituted catalysts indicates 
availability of reactive oxygen species on the catalytic surface, attributed to the 
weaker oxygen binding [25]. In this way, it is proposed that the gaseous oxygen 
may be dissociatively adsorbed on the surface of the metal oxide forming an 
oxygen adsorbed species that can react with the reactive free carbon site to give 
a highly reactive oxygen-carbon intermediate which can react either with the 
Oads or gaseous O2 to form CO or CO2[26].  In the catalytic oxidation reaction 
using mixed oxides or perovskites types oxides as catalysts, the oxygen surface 
oxygen species (O-, O2

-, O2-) involved in the catalytic process may come from 
the molecular oxygen in gas phase, surface oxygen’s or lattice oxygen. The 
promotional effect of ceria on cobaltite explain the catalytic effect in these 
catalysts, in line with previous results reporting that structural defects and 
oxygen mobility are important factors controlling the catalytic activity of 
these type of crystalline structures [27].The larger catalytic activity of the two 
catalysts with larger Ce content (x=0.7 and 0.9) is in agreement with previous 
result of the enhanced in the catalytic soot oxidation by lattice oxygen via La3+-
doped CeO2 in the CeO2/soot interface [28-30].

Table 3: Detected XRD phases and desorbed oxygen for La1-xCexCoO3 
catalysts.

xCe

Detected XRD phases
µmolO2g

-1

calcined reduced

LaCoO3 0.0 LaCoO3 La2O3 Co 183

La0.9Ce0.1CoO3 0.1 LaCoO3 CeO2
La2O3  CeO2   

Co 161

La0.7Ce0.3CoO3 0.3 LaCoO3 CeO2    
Co3O4

La2O3 CeO2   
Co 267

La0.5Ce0.5CoO3 0.5 LaCoO3 CeO2    
Co3O4

CeO2   Co 278

La0.3Ce0.7CoO3 0.7 CeO2     Co3O4 CeO2   Co 317

La0.1Ce0.9CoO3 0.9 CeO2     Co3O4 CeO2   Co 366

Figure 5. Oxygen desorption profiles for La1-xCexCoO3 catalysts.

4. DISCUSSION

All samples tested in this study show significant catalytic activity for soot 
combustion. Perovskite LaCoO3 and low-Ce-content samples (x≤0.5) with 
well-defined perovskite-type structure (Fig 2) reduce the Tm value in more 
than 200ºC. However, this catalytic activity practically did not change after 
perovskite structure destruction with sample reductive treatment at 500ºC (Fig 
1). These results are inconsistent with the catalytic role attributed to perovskite-
type structures and hardly support the recently proposed mechanism for soot 
combustion on lanthanoid perovskites, in which the oxidation of soot particles 
is attributed to the surface oxygen species, which migrate from the perovskite 
structure [31, 32]. Moreover, Fig 1 shows a higher catalytic activity for cal-
cined samples with higher Ce content (x=0.7, 0.9), in which XRD patterns 
show CeO2 and Co3O4 crystal phases instead of perovskite-type structure. 
These results suggest that CeO2 is playing the main role in soot combustion, 
which is in agreement with the higher catalytic activity of ceria oxide reported 
for soot combustion [33]. Moreover, the oxygen storage capacity of samples 
increases with Ce content as observed in Fig 5. Since XRD patterns (Fig 2) 
show an increase in the intensity of CeO2 peaks with Ce content, it is inferred 
that CeO2 crystals directly participates in the oxygen storage and exchange 
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process. It is also important to note that H2 reduction process (destruction of 
perovskite-type structure) increases the catalytic activity for all the samples but 
in a different degree; samples with low CeO2 content (x≤0.5) slightly increased 
their activity while samples with higher amount of CeO2(x=0.7,0.9) strongly 
increased the activity for soot combustion after reductive process. Also, re-
duced samples with higher Ce content (x=0.7-0.9) show an increase in CeO2 
mean crystal size as shown in Fig 3. The same phenomenon was not observed 
for the calcined samples, in which the CeO2 particle size was insensible to Ce 
sample content increasing. These results suggest that the activity of these mate-
rials for soot combustion is improved by two factors: i) the increasing of CeO2 
content and ii) the formation of larger CeO2 crystals in the higher-Ce-content 
samples after H2 reduction. In fact, it was observed a similar CeO2 mean par-
ticle size for all calcined samples, while the catalytic activity increases with the 
Ce content as a consequence of a larger CeO2  total surface, in which the oxygen 
can be activated and transferred to CB surface through more abundant catalyst-
CB contact points. In the same way, the catalytic activity of reduced samples 
is improved by the increasing of CeO2 amount, but additionally, larger CeO2 
crystals were formed in the samples with higher Ce content (x=0.7-0.9), which 
could explain the stronger decrease of Tm values when these samples were 
used as catalyst for soot combustion. Catalytic activity for soot combustion 
is closely related to higher material capacity for oxygen transfer from catalyst 
to carbonaceous surface[34]. Thus, the higher amount of CeO2 crystals in the 
sample, the higher oxygen storage in the catalytic surfaces and more contact 
point between catalyst and CB, through which active oxygen species attack the 
carbon material. This explains the reducing of Tm value with the increasing of 
CeO2 content for all the tested samples. Since XRD patterns (Fig. 2) show the 
presence of Co3O4 in calcined samples with higher Ce content (x=0.7-0.9), the 
effect of cobalt oxide is not disregarded, however, the cobalt oxide composi-
tion in both samples is the same, so this work does not provides evidences 
to attribute the observed catalytic activity for soot combustion to this specific 
phase. The reduction processes with H2 neither reduce the CeO2 to metallic Ce 
nor affect the Ce material composition; however, this treatment did cause dis-
similar increasing of catalytic activity as a function of sample Ce content. Fig. 
1 demonstrates that reduced samples with lower Ce content (x≤0.5) showed a 
minor improvement of catalytic activity than high-Ce-content samples (x=0.7-
0.9)(Fig.1), as a result of the increasing of CeO2 crystal size in these samples 
(Fig. 3). These results confirm that cerium oxide represents the main active 
phase in these materials, so the higher catalytic activity for soot combustion is 
related to an increase in the CeO2 sample content, which improves the oxygen 
exchange and number of contact points between catalyst and soot. Addition-
ally, our results provide evidences of structural sensitivity of active oxygen 
species formation over CeO2, since larger CeO2 crystals showed higher activity 
for CB combustion than smaller ones, for comparison between samples with 
the same CeO2 composition. Afterward, the formation of active oxygen species 
and their transfer from CeO2 to carbonaceous material seems to be favored in 
large crystals rather than small ones, since a higher availability of lattice oxy-
gen for oxygen exchange with gas phase is expected in larger crystal faces than 
in edges and corner, the later proportionally more abundant in small particles. 
Moreover, the transfer of oxygen species from edges and corners of CeO2 crys-
tals would be affected by the stronger binding of oxygen atoms.  Bueno-López 
et al.[29, 30] used labeled (O18) in gas phase and non labeled (O16) in catalysts 
to probe that the gas-phase labeled oxygen replaces non labeled lattice oxygen, 
creating the highly active non labeled oxygen, which reacts with soot, giving 
CO and CO2. In this sense, our results not only indicate that this highly active 
oxygen is more abundant in those samples with higher CeO2 content, but also 
suggest that the reactivity of this oxygen species increase with the CeO2 crystal 
size. Bueno-López et al.[30] observed an important improvement of catalytic 
activity when CeO2 was doped with La. The authors relate this result with a 
decrease in the onset temperature at which Ce4+ is reduced to Ce3+, i.e. the dop-
ing with La increases Ce reducibility. The effect of La doping on CeO2 catalytic 
activity for soot combustion is not disregarded in this work, since La is present 
in smaller amount in those samples with higher catalytic activity (reduced x > 
0.5). However, our results do not have strong evidences to support this idea.

5. CONCLUSIONS

La1-xCexCoO3 catalysts were synthesized, characterized and evaluated for 
the soot combustion. It was found an increase in the specific area upon Ce 
content. Since the ionic radii of cerium is similar to lanthanum, cerium can be 
introduced to the lattice for the substitution x≤0.5, while for larger Ce content 
(x≥0.7) formation of CeO2 phase is detected. The destruction of the perovskite-
type structure in a reductive process increases the catalytic activity in a differ-

ent degree; a slightly increased in the samples with low CeO2 content (x≤0.5) 
while those with higher amount of CeO2 (x=0.7, 0.9) strongly increased their 
activity for soot combustion. These results suggest that the activity of these 
materials for soot combustion is improved by two factors: i) the increasing of 
CeO2 content, closely related to higher material capacity for oxygen transfer 
from catalyst to carbonaceous surface and ii) the formation of larger CeO2 crys-
tals in the higher-Ce-content samples after H2 reduction, responsible for the 
improvement of the oxygen exchange and number of contact points between 
catalyst and soot.
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