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a b s t r a c t

The catalytic behavior of CeO2-based solid solution catalysts (Ce0.7Zr0.3O2, Ce0.7Pr0.3O2−ı, and
Ce0.7Gd0.3O1.85) had been studied for soot combustion. These catalysts were characterized using X-ray
diffraction (XRD), UV-visible, Raman, and H2 temperature-programmed reduction (H2-TPR) measure-
ments. The Zr, Pr, and Gd cations replaced Ce cations in the CeO2 lattice to form nanocrystalline CeO2-based
solid solutions. The crystallite size of Ce0.7Zr0.3O2, Ce0.7Pr0.3O2−ı, and Ce0.7Gd0.3O1.85 is 7.3, 7.8, and 11.1 nm,
eywords:
eO2-based solid solutions
xygen vacancies
oot combustion
atalytic activity

respectively, which are much smaller than pure CeO2 (36.2 nm). The substituting process can promote
the formation of oxygen vacancies, which can hasten the diffusion rate of oxygen, then improve the
combustion activity. According to the catalytic soot combustion results, the ranking in activity of these cat-
alysts is Ce0.7Zr0.3O2 > Ce0.7Pr0.3O2−ı > Ce0.7Gd0.3O1.85 ∼ CeO2, which is well consistent with the reducibility
sequence of the samples. The mass of catalyst plus soot mixture have effect on soot combustion: the Tig

and T decrease with the increasing of sample weight. Combustion activity of catalysts decreases slowly
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with cycled runs, which ca

. Introduction

Diesel engine vehicles are expected to expand their market in
he future because of their better fuel economy compared to gaso-
ine engines. Moreover, they release lower amounts of CO, NOx,
nd unburned hydrocarbons [1,2]. However, the emissive soot, an
gglomerate of small carbon particles, with different organic com-
ounds adsorbed on their surfaces, forms the major constituents
f diesel particulates. These particulates have been considered as
potential carcinogen, which can engender serious human dis-

ases as they can penetrate and lodge within the alveoli of the lung
1,3–6]. These particles range in size between micron level in diam-
ter up to visible soot and have detrimental consequences for the
nvironment either [7].

It appears clear that the reduction of diesel exhaust particulates
DEP) is a challenge in the near future. A way to reduce soot emis-
ions is the use of diesel particulate filter (DPF) placed through the
xhaust stream, which has the function to stagnate the soot and to

urn it off. To achieve this, the DEP collected in the DPF must be
eriodically, or continuously, removed from the filter by oxidation.
s the soot ignition temperature is usually higher than 550 ◦C, for
pontaneous regeneration under typical engine operating condi-

∗ Corresponding author. Fax: +86 579 82282595.
E-mail address: mengfeiluo@zjnu.cn (M.-F. Luo).
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attributed to the activity lost of catalyst.
© 2008 Elsevier B.V. All rights reserved.

ions, oxidation catalysts are applied to increase the oxidation rate
f soot at lower temperatures [8,9]. Recently a number of catalysts
ave been reported for the oxidation of DEP, such as noble metal
upported catalysts [10–12], and the transition metals oxides (V,
u, Mn, Cr, Co, Fe, Mo and their mixtures) [2,8,13–16]. As the high
ost, the noble metal supported catalysts cannot be employed and
xtended in the present application. It is also known that eutectic
ixtures and low melting point catalysts have superior perfor-
ances for soot oxidation. The low melting point catalysts, or use

f the catalysts in the presence of eutectic salts can increase the
oot catalyst contact, therefore increasing the ability of the cata-
yst to oxidize the soot [17,18]. However, van Setten et al. [19], have
ecently studied the activity of molten salts, especially Cs2O, MoO3,
nd Cs2SO4, and have reported that, despite the promoting activity
f these eutectic salts, these coatings are not suitable for application
o real systems because their stability is low, then the catalyst com-
ounds would emit into environment and lead to the dramatically
rop of oxidation activity.

In CeO2, the facile Ce4+/Ce3+ redox cycle often leads to a higher
xygen-storage capacity with reversible addition and removal of
xygen in the fluorite structure of ceria. The CeO2 and CeO2-based

olid solutions containing different other rare earth metals were
xtensively studies for TWC application [20]. Nowadays, a lot of
tudies are carried out for soot oxidation on CeO2 [21,22], and
eO2-based materials [12,23–25] either, especially for Ce1−xZrxO2
atalysts [16,26–28], for about 20–40% substitution, the Ce1−xZrxO2

http://www.sciencedirect.com/science/journal/00406031
mailto:mengfeiluo@zjnu.cn
dx.doi.org/10.1016/j.tca.2008.08.017


4 imica Acta 478 (2008) 45–50

c
b
o
v
u
i

P
C
a
c
C
c
d

2

2

(
a
m
w
1
i
w
o
s
m
T
6
a
p

4
t
a
m

fl
T
d
h
t
o
i
i
[
i
a

2

3
v
i
w
t

T
s

f
5
i
p
t
1

m
(
t
a
a
d
t

2

O
(
q
fl
r
t
w

a
w
a
t
m
t

3

3

3

6 P. Fang et al. / Thermoch

atalysts show the best combustion activity. It was found that CeO2-
ased materials have the potential to increase the oxidation rate
f soot, because of the high surface area, the creation of “oxygen
acancies” [22,24,29,30], and so on. The generation and feasible
tilization of highly reactive “oxygen vacancies” for soot oxidation

s the focus of the current studies.
In this study, three cations that own different valences (Zr4+,

r3+/Pr4+ and Gd3+) are chosen to be doped into CeO2, so the
eO2-based solid solution catalysts (Ce0.7Zr0.3O2, Ce0.7Pr0.3O2−ı,
nd Ce0.7Gd0.3O1.85) were prepared and tested for activity of soot
ombustion, and their activities have been compared with pure
eO2, as well as the influence of the cycled using on the soot
ombustion. It was hoped that the results might be useful for the
evelopment of catalytic removal for diesel soot.

. Experimental

.1. Catalysts preparation

Ce(NO3)3·6H2O (>99.5%), Zr(NO3)4·5H2O (>99.5%), Pr6O11
>99.95%), Gd2O3 (>99.99%), and citric acid (>99.5%) were used
s starting materials. All catalysts were prepared by a sol–gel
ethod. For a typical preparation, 2.554 g of Pr6O11 (2.5 mmol)
as dissolved in a least amount of dense nitric acid required, then

5.198 g of Ce(NO3)3·6H2O (35 mmol) dissolved in 300 ml of deion-
zed water was added to form a Ce–Pr nitrate solution. Citric acid

ith double molar amount of total metal cations was added to
btain a mixed nitrate and citrate solution. After being stirred for
everal minutes, the pellucid solution was heated at ca. 90 ◦C on a
agnetic stirrer for several hours until a viscous gel was obtained.

he gel was dried at 110 ◦C overnight, followed by calcination at
00 ◦C for 4 h in air to obtain the final sample, which was denoted
s Ce0.7Pr0.3O2−ı. Thereafter, the Ce0.7Gd0.3O1.85, Ce0.7Zr0.3O2, and
ure CeO2 catalysts were prepared in the same way, respectively.

BET-specific surface areas of the catalysts calcined at 600 ◦C for
h was estimated using the N2 adsorption isotherm at −196 ◦C by

he five points Brunauer–Emmett–Teller (BET) method using an
utomatic surface analyzer (Quantachrome Autosorb-1-MP instru-
ent).
The simulated soot Printex-U used in this work was industrial

ame soot manufactured by Degussa AG, Dusseldorf, Germany.
he surface area (BET) of this soot is 96 m2 g−1, with a mean
iameter of 20 nm. It contains approximately 5 wt% of adsorbed
ydrocarbons and 0.2–0.4 wt% sulfur [31,32]. The reactive charac-
ers of the Printex-U have been determined to be similar to that
f actual diesel exhaust soot [33]. Using this soot as a model was
nitiated by the group at Delft University [8,12,14,23,24,31,32], it
s also being commonly used for this purpose by other groups
6,21,22,25,27,28,33–35]. In our experiment, each catalyst and soot
n a weight ratio of 9/1, was carefully mixed in an agate mortar to
chieve a good contact before it was loaded in the reactor.

.2. Catalysts characterization

X-ray diffraction (XRD) patterns were collected on a Philips PW
040/60 powder diffractometer using Cu K� radiation. The working
oltage of the instrument was 40 kV and the current was 40 mA. The
ntensity data were collected at 25 ◦C in a 2� range from 20 to 90◦
ith a scan rate of 1.0◦ min−1 at room temperature. The mean crys-
allite sizes of catalysts were calculated using the Scherrer equation.

UV-visible diffuse reflectance spectra were obtained on a
hermo Electron spectrophotometer equipped with an integrating
phere.

C
r

l
C

Fig. 1. XRD patterns of CeO2-based solid solution catalysts calcined at 600 ◦C.

Raman spectra were obtained with a Renishaw RM 1000 con-
ocal microscope. Room temperature spectra were excited at
14.5 nm line using Ar+ laser as excitation source. The resolution
s ± 1 cm−1. In order to get the comparable data, all samples were
ressed to little pellets before their characterization. Data acquisi-
ion was carried out at 25 ◦C with the scanning range from 100 to
000 cm−1.

The reduction properties of CeO2-based solid solutions were
easured by means of H2 temperature-programmed reduction

H2-TPR) technique. 50 mg of sample was placed in a quartz reac-
or, and the reactor was heated from room temperature to 900 ◦C
t a heating rate of 20 ◦C min−1. 5% H2 in N2 was used as reducing
gent with a flow rate of 25 ml min−1. The amount of consumed H2
uring the reduction was calculated based on the analysis with a
hermal conductivity detector (TCD).

.3. Catalytic activity tests

The TPO measurements were performed with a Balzers
mnistar 200 mass spectrometer, monitoring the m/e ratios 44

CO2). 20.0 mg mixture of the catalyst and soot was located in a
uartz micro-reactor and heated in air at 50 ◦C for 0.5 h with an air-
ow rate of 20 ml min−1 as a pretreatment, then cooled down to
oom temperature by keeping the same flow rate of air. Afterward,
he reactor was heated to 700 ◦C at a heating rate of 10 ◦C min−1

ith the same flow rate.
In order to detect any possible change in the catalyst activity

fter several combustion cycles, 54.0 mg of Ce0.7Zr0.3O2 catalyst
as carefully milled with soot (catalyst/soot weight ratio of 9/1) in

n agate mortar, and then was used to perform in a TPO run. After
he first run the used catalyst was milled with soot in the same

ass ratio and carried out in the TPO performance again. These
reatments were repeated so as to carry out up to seven cycles.

. Results and discussion

.1. Catalysts characterization

.1.1. Phase analysis of the catalysts
The BET surface areas of the CeO2, Ce0.7Gd0.3O1.85,

2 −1
e0.7Pr0.3O2−ı, and Ce0.7Zr0.3O2 are 17.5, 30.4, 58.2 and 37.6 m g ,
espectively.

Fig. 1 shows XRD patterns of ceria-based solid solution cata-
ysts calcined at 600 ◦C. For the Ce0.7Zr0.3O2, Ce0.7Pr0.3O2-�, and
e0.7Gd0.3O1.85 catalysts, the diffraction patterns were in good
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ig. 2. UV-visible diffuse reflectance spectra of CeO2-based solid solution catalysts
alcined at 600 ◦C.

greement with those of pure ceria typical fluorite-like cubic struc-
ure (CeO2, JCPDS: 81-0792), and no diffraction peaks of zirconia,
raseodymium oxides, and gadolinium oxides were observed. It
onfirms that the Zr4+, Pr3+/Pr4+, and Gd3+ ions were incorporated
nto the ceria lattice to form fluorite-like solid solutions. The crys-
allite size of Ce0.7Zr0.3O2, Ce0.7Pr0.3O2−ı and Ce0.7Gd0.3O1.85 is 7.3,
.8, and 11.1 nm, respectively. Which are much smaller than that of
eO2 (36.2 nm). It implies that the formation of CeO2-solid solu-
ions is favorable to obtain ultrafine nanoparticles.

.1.2. UV-visible and Raman spectra analysis of catalysts
Fig. 2 presents the UV-visible diffuse reflectance spectra

f the CeO2-based solid solutions catalysts. For Ce0.7Zr0.3O2,
e0.7Gd0.3O1.85, and CeO2, there are no adsorptions when wave-

ength is high than 500 nm. However, the Ce0.7Pr0.3O2−ı catalyst
as a strong adsorption at the region of visible light, which may
ttributed to the color of the Ce0.7Pr0.3O2−ı (dark brown), as the
ark sample can absorb more Raman laser of 514.5 nm than light
ellow samples (CeO2, Ce0.7Gd0.3O1.85, and Ce0.7Zr0.3O2).

Fig. 3 shows the Raman spectra of CeO2-based solid solutions.
or all the samples except the Ce0.7Pr0.3O2−ı, there is a feature

and at 467 cm−1, which are attributed to the F2g typical vibra-
ional mode of the cubic structure [36,37]. The broad peak around
64 cm−1 is attributed to oxygen vacancies generated by the incor-
oration of other metal cations to the ceria lattice [36,38,39]. These

ig. 3. Laser Raman spectra of CeO2-based solid solution catalysts calcined at 600 ◦C.
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Fig. 4. H2-TPR profiles of the CeO2-based solid solutions calcined at 600 ◦C.

xygen vacancies can increase the diffusion rate of oxygen and with
hich the material can absorb and desorb oxygen continuously

36]. For the Ce0.7Pr0.3O2−ı sample, the Raman bands were much
eaker compared to other samples due to its strong absorption of
aman laser at 514.5 nm as shown in Fig. 2. As a number of exci-
ation radiation that enters into the bulk has been absorbed and
hen the bands supply the information mainly from surface region
39]. Moreover, there is a small systematic shift from the band at
67 cm−1 to about 438 cm−1. This shift is attributed the decreasing
f the particle sizes at the surface region [40], as Raman band will
hift to lower frequencies with the decreasing of crystallite size. The
aman bands at 296 and 624 cm−1 were attributed to the tetrag-
nal phase of the solid solutions in the Gd and Zr-doped samples
41,42].

.1.3. Reduction behavior of the catalysts
Fig. 4 shows the H2-TPR profiles of the CeO2-based solid solu-

ions. The single CeO2 has two reduction peaks at about 517 ◦C
peak �) and 875 ◦C (peak �). The peak � was attributed to
he reduction at the surface region of CeO2, and the peak �
as attributed to the reduction of the bulk. For the samples
e0.7Gd0.3O1.85, Ce0.7Pr0.3O2−ı and Ce0.7Zr0.3O2, the temperatures
f maximum H2 consumption peak � is 531, 531 and 560 ◦C, which
lightly shift to higher temperatures, and the peak areas are larger
han that of the single ceria. The ratio of main H2 consumption
eak areas for Ce0.7Zr0.3O2:Ce0.7Pr0.3O2−ı:Ce0.7Gd0.3O1.85:CeO2 is
.4:3.1:2.1:1.0. The results suggest that the CeO2-based solid solu-
ions are more reducible than the pure CeO2 at the low temperature
egion (400–700 ◦C). The reduction peaks at higher temperature
ca. 800 ◦C) declined significantly, indicating that the reducible sites
n the bulk are nearly as active as those at the surface region after
orming solid solutions or the reduction temperatures are out of
he measurement range.

As praseodymium owns variable valences, for the Ce0.7Pr0.3O2−ı,
here is a reduction peak � at about 456 ◦C, which could be associ-
ted with the reduction of Pr4+ to Pr3+ at the surface region [43].
.2. Catalytic activities of catalysts

In the TPO experiments, the main gaseous product detected by
ass spectrometry analysis was CO2 with a trace amount of CO.
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ig. 5. TPO profiles of CeO2-based solid solution catalysts mixed with soot (cata-
yst/soot = 9/1).

he formation rate of CO2 (m/e = 44) was used as a measurement
o evaluate the catalytic activity. The profiles are shown in Fig. 5,
hich shows the TPO profiles of CeO2-based solid solution cata-

ysts mixed with soot. Firstly, the ignition temperature (called Tig) of
hese mixtures was studied, which was estimated by extrapolating
he steeply ascending portion of the carbon dioxide formation curve
unction of zero carbon dioxide concentration [44,45]. Table 1 lists
he combustion temperatures results of Tig, Tmax and �T(Tmax − Tig)
rom TPO tests. It can be seen that the Tig without catalyst (called
soot”) is 412 ◦C. After mixed with catalysts the ignition tempera-
ures decreased, which are attributed to the catalytic combustion
f the soot, the Tig for CeO2 and Ce0.7Gd0.3O1.85 are lower than that
f Ce0.7Pr0.3O2−ı and Ce0.7Zr0.3O2.

To compare with literature results, the performance of the cata-
ysts were also evaluated taking the temperature corresponding to
he maximum of the peak, called combustion temperature (Tmax),
hich represents the temperature of maximum soot combustion.
esults show that the Tmax for soot combustion without catalyst

s 594 ◦C, while Tmax decreases about 100–200 ◦C when it was
ixed with the catalysts. The Ce0.7Pr0.3O2−ı and Ce0.7Zr0.3O2 cat-

lysts showed very sharp peaks at 414 and 397 ◦C. The inset of
ig. 5 amplified from the shadow part of the Ce0.7Zr0.3O2 sam-
le shows a shoulder peak at 452 ◦C. The area of shoulder peak is
bout 1/12 of the main peak. Neeft et al. [3,46] concluded that the
ccurrence of the two peaks was caused by a combination of heat-
ransport and mass-transport limitation between the Ce0.7Zr0.3O2

nd the CO2 when the mixture is heated. For the Ce0.7Pr0.3O2−ı

ample the shoulder peak is at 465 ◦C. For the CeO2 and the
e0.7Gd0.3O1.85 samples the Tmax is at 485 and 487 ◦C, respectively,
nd the peaks are broad, the Tmax is higher than the shoulder

able 1
ombustion temperatures results from TPO tests

amples Tig (◦C) Tmax (◦C) �T(Tmax − Tig) (◦C)

oot 412 594 182
oot + CeO2 334 485 151
oot + Ce0.7Gd0.3O1.85 344 487 143
oot + Ce0.7Pr0.3O2−ı 374 414 40
oot + Ce0.7Zr0.3O2 365 397 32
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ig. 6. TPO profiles of combustion cycles over Ce0.7Zr0.3O2 catalyst mixed with soot
catalyst/soot = 9/1).

eak (452 and 465 ◦C), which may be the reason that the shoul-
er peaks of the CeO2 and the Ce0.7Gd0.3O1.85 cannot be observed.
s �T represents the difference between Tmax and Tig, the larger

he �T is, the lower the activity is. Combined with Tmax and �T in
able 1, the catalytic activities of these samples follow the order:
e0.7Zr0.3O2 > Ce0.7Pr0.3O2−ı > Ce0.7Gd0.3O1.85 ∼ CeO2.

The catalytic activities of these samples could be influenced by
heir surface areas, since the CeO2 with the lowest surface area
hows the lowest activity, while the samples with higher surface
reas have improved activity. However, it is very likely that the
urface area of the sample is not the crucial parameter that deter-
ines the overall reactivity. H2-TPR results (Fig. 4) clearly show

hat the formation of CeO2-based solid solutions with small crys-
allite sizes significantly improve the reducibility of the samples.
he order of main H2 consumption peak areas of the solid solu-
ions is Ce0.7Zr0.3O2 > Ce0.7Pr0.3O2−ı > Ce0.7Gd0.3O1.85 > CeO2, which
s consistent with the order of the catalytic combustion activity. It
ndicates that the activities of the catalysts could be related to the
educibility of the samples. However, one must keep in mind that
he actual mechanism of soot oxidation might be more complex as
he combustion peaks on these oxides occur at lower temperatures
han those of the corresponding main TPR peaks. Instead, the ini-
ial reduction temperature at about 400 ◦C for these samples well

atches the initialization temperature of the corresponding soot
xidation, suggesting that only limited fraction of the overall avail-
ble oxygen is involved in the reaction, which might be the most
acile to be reduced.

The effects of repeated treatments on the activity of these cat-
lysts are important in order to detect any possible change in the
atalytic activity after several combustion cycles. A 60.0 mg mixture
f Ce0.7Zr0.3O2 and soot (in ratio of 9/1) was performed in the first
PO run. The used catalyst was milled with soot in the same mass
atio again and then carried out in the TPO performance up to seven
ombustion cycles. Due to the inevitable loss of catalyst during the
eighing and milling process, in order to keep the same ratio of
atalyst and soot, the mass of mixture gradually decreased in each
ycled runs. Fig. 6 shows the TPO profiles of combustion cycles over
e0.7Zr0.3O2 catalyst mixed with soot. It indicates a changing trend

n these profiles: the heavier the mixture mass, the lower the Tig
nd Tmax is. Table 2 shows the Tig and Tmax of Ce0.7Zr0.3O2 catalyst
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Table 2
Tig and Tmax of Ce0.7Zr0.3O2 mixed with soot (catalyst/soot = 9/1) performed in seven
combustion cycles (cycled) compared with using different weight (fresh)

Cycled soot + Ce0.7Zr0.3O2 Fresh soot + Ce0.7Zr0.3O2

Weight (mg) Tig (◦C) Tmax (◦C) Weight (mg) Tig (◦C) Tmax (◦C)

(1st) 60.0 330 365 (1st) 60.0 330 365
(2nd) 55.0 340 377 (2nd) 50.0 333 369
(3rd) 47.6 348 394 (3rd) 45.0 338 373
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(4th) 42.4 366 412 (4th) 40.0 339 377
(5th) 38.1 382 424 (5th) 30.0 339 379
(6th) 34.2 393 430 (6th) 25.0 348 381
(7th) 28.1 412 445 (7th) 20.0 365 397

ixed with soot (catalyst/soot = 9/1) performed in seven combus-
ion cycles. After seven TPO runs the mixtures show a shift of the
ig from 330 to 412 ◦C, and the Tmax from 365 to 445 ◦C, meanwhile,
rom the amplificatory part it shows that the shoulder peak shifted
o higher temperature correspondingly. These results indicate that
fter seven combustion cycles the catalytic activity of Ce0.7Zr0.3O2
ecrease gradually. Nevertheless, in the first run the Tig is at 330 ◦C
nd Tmax is 365 ◦C, which is different from the result in Fig. 5. As
n Fig. 5 the 20 mg fresh mixture of Ce0.7Zr0.3O2 and soot shows an
bviously higher temperature in both Tig (365 ◦C) and Tmax (397 ◦C).
his implies that the mass of the mixture has effect on the com-
ustion process, in order to eliminate the influence of the mass, the
ffects of the using mass on the catalytic activity need to be studied.

Fig. 7 shows the TPO profiles of Ce0.7Zr0.3O2 catalyst mixed with
oot performed using different weight. It can be seen that with the
ecreasing of mixture weight, the Tig shows a shift from 330 to
65 ◦C, and the Tmax from 365 to 397 ◦C (see Table 2), which indi-
ates that the heavier the mixture mass is, the lower the Tig and
max is. This could be probably associated with the quantity of heat
aused by a mass of soot burning which will increase the temper-
ture instantly, and the high temperature environment can help
o accelerate the combustion process. Therefore, the combustion

emperature enhance with the decreasing of the mixture mass.

In order to verify their hypothesis, TPO experiments of
e0.7Zr0.3O2 and Ce0.7Pr0.3O2−ı catalyst mixed with soot or
oot + quartz sand (catalyst/soot = 9/1 and catalyst/soot/quartz
and = 9/1/20) were performed (Fig. 8). The catalyst + soot sam-

ig. 7. TPO profiles of Ce0.7Zr0.3O2 catalyst mixed with soot (catalyst/soot = 9/1) per-
ormed using different weight.

t
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ig. 8. TPO profiles of Ce0.7Zr0.3O2 and Ce0.7Pr0.3O2−ı catalyst mixed with soot or
oot + quartz sand (catalyst/soot = 9/1 and catalyst/soot/quartz sand = 9/1/20).

le (20 mg) diluted in a catalytically inert quartz sand (40 mg) to
ncrease the total solid volume. The result indicates that the Tmax

ecrease and the combustion peak become broad after diluted with
he quartz sand. It suggests that the dilution with quartz sand facil-
tates the dissipation of local heat, thus the combustion process
ecome slower. Therefore, the result confirms that the differences
ound in behavior as a function of catalyst + soot mass is assigned
o the generation of hot spots in the mixture.

In Fig. 7, though the Tig and Tmax changing trend is similar to that
f seven cycled experiment, however, from Fig. 9, the relationship
etween Tmax of Ce0.7Zr0.3O2 catalyst mixed with soot performed
sing different weight (fresh) in comparison with seven combus-
ion cycles, it can be seen that the curve of Tmax (fresh) are relatively
ower than that of Tmax (cycled), meanwhile, with decreasing mix-
ure weight, the difference in temperature becomes much larger. In

act the difference represents the decrease of combustion catalytic
ctivity, as local heating during combustion cycles may cause sinter-
zation of the used catalyst particles, it would cause a poorer contact

ith the soot in the consecutive cycles [47]. Therefore, deducing

ig. 9. The relationship between Tmax of Ce0.7Zr0.3O2 catalyst mixed with soot (cat-
lyst/soot = 9/1) performed using different weight (fresh catalysts) compared with
even combustion cycles (cycled catalysts).
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. Conclusions

CeO2-based catalysts significantly improve the catalytic activ-
ty in comparison with pure CeO2 for soot oxidation by air. As the
anocrystalline solid solution catalysts improve the formation of
xygen vacancies, which can promote the diffusion rate of oxygen,
hen improve the combustion rate of soot. The best combustion
esults were obtained with Ce0.7Zr0.3O2 catalyst compared with
e0.7Pr0.3O2−ı and Ce0.7Gd0.3O1.85. From the cycled running exper-

ment of Ce0.7Zr0.3O2, it indicates that the combustion activity of
his catalyst decrease slowly during the repeating using.
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