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Abstract The nanometric La;_,K,CoOs; (x = 0-0.30)
perovskite-type oxides were prepared by a citric acid-
ligated method. The catalysts were characterized by means
of XRD, IR, BET, XPS and SEM. The catalytic activity for
the simultaneous removal of soot and nitrogen oxides was
evaluated by a technique of the temperature-programmed
oxidation reaction. In the LaCoO; catalyst, the partial
substitution of La** at A-site by alkali metal K* enhanced
the catalytic activity for the oxidation of soot particle and
reduction of NO,. The Lag;0Kq30C003 oxides are good
candidate catalysts for the simultaneous removal of soot
particle and NO,. The combustion temperatures for soot
particles over the Lag 70K 30C00j3 catalyst are in the range
from 289 to 461 °C, the selectivity of CO, is 98.4% and the
conversion of NO to N, is 34.6% under loose contact
conditions. The possible reasons that can lead to the
activity enhancement for the K-substitution samples com-
pared to the unsubstituted sample (LaCoO;) were given.
The particle size has a large effect on its catalytic perfor-
mance for the simultaneous removal of diesel soot and
nitrogen oxides.
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1 Introduction

Particulate matter mainly containing soot and NO, are the
main pollutants in diesel engine emissions. The combination
of a filter with oxidation catalysts appears to be the most
plausible after-treatment technique to eliminate soot particles.
Since the temperature in the exhaust gases may be as low as
200 °C for small engines, and can exceed 600 °C at full load
for heavy engines [1], a useful catalyst has to be operated
efficiently at low temperatures and to be thermally stable.

Several authors [2-5] reported that perovskite-type
oxides are active for the simultaneous removal of NO, and
soot reaction. In addition, the substitutional incorporation
of K into A-sites of perovskite-type (ABO3) oxides was
found to be quite effective in enhancing the activity and
selectivity for the NO,—O;-soot reaction [4-8]. However,
the reasons that can lead to the activity enhancement for
the alkali metal substitution are not fully understood.
Teraoka et al. found that La—K—-Co-Oj; [3] and La—K-Mn—
O3 [8] perovskite-type oxides are good catalysts for the
simultaneous removal of diesel soot and NO,, but they
reported the relevant catalytic activities under tight con-
ditions between catalysts and soot particle. However, under
practical conditions the contact between the catalysts on
the surface of filter and PM particle is loose [9, 10].
Therefore, it is rather significant to study and develop
active catalysts for the title reactions under loose contact
conditions.

Though the La—K-Co-Oj catalyst itself is not a new
catalyst system for the simultaneous removal soot and NO,,
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it is still important to study the catalyst on this reaction
under loose contact conditions. In this work, nanometric
La;_,K,CoO; perovskite oxide catalysts were prepared,
characterized, and their catalytic activitives for title reaction
were tested under loose contact conditions. It has been found
that the nanometric La, ,K,CoO; perovskite oxides are
good candidate catalysts for the simultaneous removal of
diesel soot particle and NO, reaction under loose contact
conditions. The probable reasons that can lead to the activity
enhancement for the K-substituted samples compared to the
unsubstituted sample (LaCoO5) were discussed. In order to
investigate the particle size effect on the title reaction, the
samples with different particles sizes were also obtained by
different preparation methods and their catalytic perfor-
mances were also evaluated for comparison.

2 Experimental
2.1 Catalyst Preparation

A series of La;_,K,CoO; (x = 0-0.30) perovskite-type
oxide samples were prepared by the citric acid-ligated
method, starting from aqueous solution of various salts
(e.g. La(NO;3);, Co(NOs3),, KNOj, etc.), followed by
heating and evaporating to dryness with vigorous stirring,
and burning or exploding and finally the precursor was
calcined at 800 °C for 6 h in static air. For safety the
ceramic evaporation pottery with wide open mouth was
used for the drying of the resulting solution and this drying
process was carried out inside a hood. This technique is
particularly suited to produce nanosized particle samples.
For comparison, the Lag 9Ky CoO5; samples with different
particle sizes were further treated. They were compressed
at 10 MPa, followed by sieving, then obtained the sample
sizes of 180-230 um and 380-830 um, respectively.
Moreover, the Lag 9Kg ;CoO3 sample was also prepared by
the solid phase mechanically mixed method. The La,0s,
CoO, and KNO; were mechanically milled 30 min and
calcined at 800 °C for 6 h in static air.

2.2 Catalyst Characterization

The BET specific surface area of the studied samples was
measured with linear parts of the BET plot of the N, iso-
therms, using a Micromeritics ASAP 2010 analyzer. The
morphologies of the catalysts were observed by SEM
instrument (Hitachi S-4300, Japan). XRD spectra of fresh
catalysts were collected on a Shimadzu XRD 6000 diffrac-
tometer using Cu Ko (4 = 1.54184 A to verify perovskite-
type crystal structure. Spectra were recorded for 20 values
from 5° to 80° at a scanning rate of 4°/min. FT-IR spectra
were recorded on a Digilab FTS-3000 spectrophotometer.
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The measured wafer was prepared as KBr pellet with the
weight ratio of sample to KBr, 1/100. The resolution was set
at 2 cm™' during measurement. The XPS spectra were
obtained using an ESCALAB MKII Physical Electronics
Photoelectron Spectrometer with monochromatized Al Ko
X-ray radiation. A power of 250 W and a pass energy of
37.5 eV was used during the experiments. The base pressure
of the analysis chamber was better than 5 x 10~° Torr. All
the spectra were calibrated using the binding energy of Cls
(284.6 eV) as reference.

2.3 Activity Test

The catalytic activity for the combustion of soot was
determined by temperature-programmed reaction (TPR).
A gaseous flow (50 cm*/min) with 5% oxygen and 2,000 ppm
NO in helium was used and the temperature was increased at a
rate of 2 °C/min using 180 mg mixture of the catalyst and soot
(5:1), mixed with a spatula in order to reproduce the loose
contact mode [11, 12]. A modified TPR technique [13] was
employed which consists of passing the gases coming from the
reactor through a methanation reactor, where CO and CO,
were converted into CH,. Afterwards, methane was measured
with an FID detector. The methanation reactor contained a
nickel catalyst, and operated at 380 °C. The N, and O, in the
gas from the reactor were measured with a TCD detector. In all
TPR experiments, temperatures were increased until the soot
was completely burnt off.

3 Results and Discussion
3.1 BET Results
The specific surface areas of the La;_,K,CoOj catalysts are

listed in Table 1. The BET surface areas of this system
of complex oxide catalysts are between 9 and 12 m%/g.

Table 1 Specific surface area of the La; _,K,CoO; catalysts

Catalyst BET
(m*/g)
LaCoO; 9.0
Lag 95K.0sC00; 10.8
Lap 90Ko.10C003 11.1
Lay §5Ko.15C005 11.6
Lay 30K0.20C003 10.4
Laj 75K0.25C003 9.9
La 70K0.30C003 9.7
Lay.99Ko.10C00;5 (180-230 pm) 12.0
Lag 9K 1Co0;3 (solid phase mechanically 5.1

mixed method, 180-230 pm)
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The change of the BET surface area is not obvious after the
sample being compressed and sieved. The BET surface area of
the sample of the solid phase mechanically mixed method
is lower (5.1 m?/g) than that of the sample prepared by the
citric acid-ligated method. It may also affect its catalytic
performance.

3.2 XRD Results

The XRD patterns of the La;_.K,CoO; (x = 0-0.30)
perovskite-type oxides are shown in Fig. 1. The diffraction
peaks of LaCoOs are in good agreement with the JCPDS
25-1060 file, which corresponds to a rhombohedral system.
All the characteristic diffraction peaks, which belong to
LaCoOs;, were observed in the spectra of all the K-substituted
samples indicating that the complex oxides of La; _,K,CoO;
(x = 0-0.30) possessed ABO; perovskite-type structures
with rhombohedral symmetry. Very weak peaks at 26 value
of ~37° or ~66° appeared when K-substitution amount is
higher than 0.1 suggesting that a small amount of Co30,4 was
formed when large amount of La>* was replaced by K*. For
comparison, the XRD pattern of the Lag oKy ;CoO3 sample
prepared by the solid phase mechanically mixed method is
shown in Fig. 2. The result indicates that the sample obtained
by different preparation method also formed perovskite
structure.

3.3 FT-IR Results

BOg octahedron, which has A-site cation in their clearance, is
the repeatable structure unit of ABOj crystalline structure.
There are six kinds of vibrations to their IR spectra, and the
stretching vibration (v3) is IR inactive if three pairs of B—O
bonds have the same length, i.e., BOg octahedron having
high symmetry. On the contrary, the B-O stretching vibra-
tion v3 is IR active if the symmetry of BOg is low [14].
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Fig. 1 X-ray diffraction patterns of La;_,K,CoOj; catalysts
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Fig. 2 X-ray diffraction patterns of Laj oK ;C0O; catalysts prepared
by the different methods. (a) Citric acid-ligated method, (b) solid
phase mechanically mixed method

Figure 3 shows the IR spectra of La;_,K,CoO;
(x = 0-0.30) perovskite-type oxides. There are three vibra-
tion bands, at 424, 562, and 596 cm_l, in the IR spectra of all
La;_,K,CoO3 samples. The vibration band at 424 cm ™!
belongs to the bending vibration of Co—O bonding in the BOg
octahedron, and the bands at 562 and 596 cm™! can be
assigned to two kinds of Co—O bond stretching vibration in the
BOg octahedron [15, 16]. These results further prove that the
complex oxides of La;_,K,CoO; (x = 0-0.30) possessed
ABOj; perovskite-type structures. Compared to unsubstituted
sample LaCoOs, the band at 596 cm~! become broad and
upshifting suggesting that some amounts of Co>* changed into
Co*™ when some La** were replaced by K*. The interaction
between Co** and O is stronger than that of Co®™ and O, and
thus the wave number of the stretching vibration of Co**~Q is
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Fig. 3 FT-IR spectra of La;_,K,CoOj3 catalysts
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greater than that of Co**—O. Therefore, the upshifting of the
wave number of stretching vibration of Co—O bond in the BOg
octahedron may suggest the formation of some Co™".

A very weak new vibration band at 668 cm™', which
has been assigned to the Co3;04, appeared when some
amounts of K* were introduced to partially replace La** in
LaCoO; and its’ intensity gradually increased with
increasing K* substitution amount. These results indicate
again that a small amount of Co304 was formed when some
amounts of La®* were replaced by K*. The IR results are
very consistent with the XRD analysis.

3.4 SEM Results

SEM photographs of the LaCoOs;, Lagg5Kg0sCoO; and
Lag 99Ko.10C0O; are presented in Fig. 4. The SEM images
of LaggoKq.10C003 perovskite-type oxides show that the
catalyst particles had average particle sizes centered
around 60-100 nm with a spherical shape. For compari-
son, the SEM photographs of the Lag¢Kj;CoO3 sample
after being compressed and sieved or the sample synthe-
sized by solid phase mechanically mixed method are also
shown in Fig. 4. The results indicate that the particle sizes
of the Lay oKy CoO; sample after being compressed and
sieved became larger and their shapes are similar to strip.
Moreover, the size distribution of the sample synthesized
by solid phase mechanically mixed method is more
irregular. In other words, some particle sizes of the sam-
ples obtained by solid phase mechanically mixed method
are much bigger than those of the sample obtained with
citric acid-ligated method, while some particle sizes are
small and their sizes are similar to those of the sample
obtained with citric acid-ligated method. This change of
the particle sizes and dispersion of catalysts might lead to
the lower catalytic activity for the simultaneous removal
of soot and NO,.

3.5 XPS Results

XPS spectra of La;_,K,CoOj5 for Co2p are shown in Fig. 5.
The binding energies of Co2p;, for LaCoOs, LagooKo 10
Co0O3 and Lagy 79Ky 3Co0;5 are 779.0, 779.5 and 779.0 eV,
respectively. The binding energy of Co2ps,, in Co,03, Co304
and CoO oxides were 779.6, 779.8 and 780.4 eV, respec-
tively. The binding energy of Co2ps/, in La;_,K,CoOj; is
much lower than that in simple oxides. This result is very
consistent with the founding by Zhu et al. [17] and the binding
energy of Co2ps, in LaCoO3 was 778.8 eV in their study. Due
to the XPS peaks of these three samples for Co2p;, are not
symmetric, these XPS profiles were fit by a standard Gaussian
deconvolution method to get a relative content of Co corre-
sponding to low and high binding energy. The deconvolution
analysis results are listed in Table 2. The peak area ratio of
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Co2ps,, with high binding energy to that with low binding
energy is much greater than that of unsubstituted sample of
LaCoOs;. Moreover, this area ratio increases with the
increasing the K-substitution amount. These results demon-
strate that the content of Co ion with higher oxidation state
increases with the increasing of K-substitution amount. In the
unsubstituted LaCoOj; perovakite-type complex oxide, the
normal oxidation state of Co ion should be +3. Thus some
amounts of Co>™ may change into Co** to make the charge
balance when K* was introduced into LaCoO; to partially
replace La®* [16, 18, 19].

There were mainly two chemical states of oxygen in the
La;_,K,Co0O; oxides and they can be fitted into two oxy-
gen species as shown in Fig. 6 and Table 3. The peak with
a low binding energy (~528.5 eV) was assigned to the
lattice oxygen. Another one with a high binding energy
(~530.8 eV) was attributed to the adsorbed oxygen in
oxygen vacancy of this kind of defect oxides [17-20]. For
LaCoOj3 sample, the area ratio of O,q4/Oyy. is close to 1.
The ratio of K-substituted sample is much greater than that
of the unsubstituted sample LaCoOs5. And it increases with
the increasing of K-substitution amount. These results
strongly demonstrate that some amounts of oxygen
vacancy may form when some amounts of K* was intro-
duced into LaCoOs to partially replace La>".

3.6 Catalytic Activity for the Simultaneous Removal
of Soot and Nitrogen Oxides

Figure 7 shows the results of the temperature-programmed
oxidation reaction over LaCoQj5. The formation of carbon
dioxide and carbon monoxide due to the oxidation of
the soot and the reduction of NO, to nitrogen took place in
the same temperature range, evidencing the occurrence of
the simultaneous removal of NO, and soot [2-5]. The
sudden drop of carbon dioxide and carbon monoxide and
nitrogen formation at higher temperature is, of course, due
to the exhaustion of the charged soot. From the tempera-
ture-programmed oxidation results, the parameters were
derived in order to evaluate the catalytic performance. One
is the ignition temperature of the soot (7j,) estimated by
extrapolating the steeply ascending portion of the carbon
dioxide formation curve to zero carbon dioxide concen-
tration, and the second one was the temperature
corresponding to the soot maximal combustion rate (7))
and the third one was the final combustion temperature (7%)
obtained by extrapolating the steeply descending portion of
the carbon dioxide formation curve to zero carbon dioxide
concentration [2-4]. The last one is the maximal conver-
sion of nitrogen oxide (Xyo) to nitrogen molecule for the
simultaneous removal of soot and nitrogen oxides. A good
catalyst should be the oxide with low Tj, and large Xno.
The Xno was defined as:



Highly Active La;_,K,CoO; Perovskite-type Complex Oxide Catalysts

Fig. 4 SEM photographs of
La;_,K,CoO; catalysts. A1,A2:
LaCoOs; B1,B2:

Lag 95K0.05sC003; C1,C2:
Lag.90Ko.10C003. D1:

Lap 90Ko.10C003 (180-230 pm),
D2: La0_90K0_10C003 (SOlld
phase mechanically mixed)
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XNO% =

[NOJ,, is NO mole concentration in the inlet gases, ppm,

and [N»] . is N, molar concentration in outlet gas, ppm.

Due to the importance of the Tj, in reflecting the
nature of catalytic activity of the studied catalysts for
soot oxidation the Tj, was selected as judging criteria in
several pioneer and previous reports by Teraoka [2—4, 8]
and Seong-Soo Nong [5]. So Tj, was also chosen as the
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Fig. 5 XPS spectra for Co2p of La;_,K,CoO; oxides. Al: LaCoO3;
A2: Lao_90K0_10C003; A3: La0_70K0_30C003

main judging criterion for soot oxidation reaction in this
study.

The TPR results (in Tables 4 and 5) show that the soot
combustion temperature significantly reduced and the
conversion Xyo largely increased over all the K*-substi-
tution samples compared to the unsubstituted sample
LaCoOs. T;, almost slowly decreases with the increasing of
K-substitution amount and the sample with potassium
substitution amount of x = 0.3 has the lowest T, and 7.
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Fig. 6 XPS spectra for Oy  of La;_,K,CoO;5 oxides. Al: LaCoOg;
A2: Lag.00Ko.10C003; A3: Lag 70Ko.30C003

The catalytic performances of the samples with x = 0.1-
0.3 are not so much different if T,,, and T} are also used as
the judging criteria. However, as shown in Table 5, the
temperatures of those ignitions slightly change with the
particle size, but the changes of T}, and Ty are much bigger.
It is because that soot combustion is solid—solid—gas triple
phase complex reactions. The contact between catalytic
sites and soot, is of great importance for solid—solid reac-
tions. Tj, reflects the intrinsic nature of catalyst, however
T, and Tt are also closely related to the contact between
catalyst and soot. Once the ignition takes place, the contact
condition becomes important. The difference between Tj,
and Ty,, T; from Tables 4 and 5 can be taken as a measure
of the nature of the catalytic site versus the number of

Table 2 The binding energy of

Co2psn in Laj_K,CoOs oxides Catalysts Peak Peak 1 Peak 2 Peak 2/Peak 1
Position (eV) Position (eV) Area Position (eV) Area
LaCoO; 779.0 779.0 2,138.30 780.4 1,007.25 0.47
Lag70K0.30Co05  779.0 778.9 1,477.38 780.5 1,060.90 0.72
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Table 3 The comp951t19n of Catalysts Op Ouae 0,4/O
surface oxygen species 1n
La;_,K,CoO; oxides Position Area FWHM Position Area FWHM
(eV) (eV) (eV) eV)
LaCoO; 528.5 2,077.87 1.584 530.8 225777  2.283 1.09
LagooKo 10C00;  528.5 1,604.49 1.657 530.7 2,801.64 2359 1.75
Lag 0K 30C00;  528.7 1,304.44  1.908 530.8 2,460.99 2.123 1.89
5 performances for soot oxidation, while it is much less active
7000 (FEREERE,, o than those of La—K—Co—O perovskite oxides, especially
5000 " D/D‘D\ /./ . Co30, has special pattern for soot oxidation. For example it
E A \.\ / S e gave two broad TPR peaks, i.e., two Ty, and very high Tt.
< 5000 '7: 5 Although we could not exclude the tiny contribution of the
S I u_ 13 & . . S R
2 2000 d "u-m \ 3 g impurity of Co3QOy4 to the soot oxidation activity, it is clear the
3 L
= . D/ v § catalytic performance of the La—K—-Co-O perovskite oxide
% 3000 - / 12 3 catalyst was mainly contributed by the phase of La—K—-Co-O
3 I d « . . . .
2000 L D/ s o perovsklte complex oxide by comparing the -catalytic
I VARV SN \ 41 behaviours of La—K—Co—-O sample and pure Co30,.
1000 - o at A The Lag70K(30C003 oxides are good candidate cata-
‘A CA-AL
baadaAaApAEAT AN — . .
o AR pAp ol pantt . o | lysts for the simultaneous removal of soot and nitrogen
200 300 400 500 oxides, and the combustion temperatures of soot particle
Temperature/"C are as low as those between 289 and 461 °C, the NO,

Fig. 7 TPR profiles for the simultaneous removal of soot and NO,
over LaCoOj; catalysts. ll: O,; [1: CO,; A: Ny*10; A: CO*10

contact points between these sites and soot. A small dif-
ference indicates a very good contact between soot and
catalyst. Once the nucleus ignites, the oxidation of soot
proceeds quickly. A large difference between T;, and T}, or
Tr indicates poor contact and once ignition takes place,
depending on the nature of the site, the oxidation process
proceeds rather slowly. Moreover, Xyo for potassium
substitution amount of x = 0.3 is relatively high. There-
fore, this catalyst should be the best catalyst among the
studied catalysts.

The catalytic performance of pure Co;0,4 sample for soot
oxidation under same conditions was also investigated
(Table 4). Simple oxide of Co30,4 possessed good catalytic

Table 4 The combustion temperature of soot and the conversion of
NO for the simultaneous soot and NO, over La;_,K,CoO5 oxides

Catalyst Ty (°C) T, (°C)  T¢ (°C) Xno (%)  Sco, (%)
No catalyst 460 599 655 9.9 65.2
Cos04 307 410, 508 549

LaCoO; 324 421 496 17.2 99.1
Lag.95Kg05C0o03 303 408 472 29.9 98.8
Lag.90Kg.10Co05 298 398 463 36.0 98.3

Lag gsKp 15Co05; 294 415 468 34.9 98.9

Lag 30K 20Co03 296 410 462 36.1 98.4

Lagy 75K »5C005 294 408 480 40.4 98.4

Lag 70K 30C005 289 400 461 34.6 98.4

conversion to N, is 34.6% when the contact between cat-
alysts and soot is loose. For comparison, Table 5 lists the
combustion temperature of soot and the conversion of NO
for the simultaneous removal of soot and NO, over
Lag 9Ky 1CoO;5 catalyst with different particle sizes or
prepared by the different methods. The results indicate that
the temperatures of soot combustion over samples with
lager sizes were much higher than those of soot oxidation
over nanometric catalysts. It indicates that the particle sizes
of catalysts and preparation method remarkably affected on
their catalytic performances for the simultaneous removal
of soot and NO,.

3.7 The Probable Reasons that Can Lead to the
Activity Enhancement for K*-substitution

For perovskite-type oxide catalyst, B-site cations for soot
combustion possess the function of catalysis. The cation at

Table 5 The combustion temperature of soot and the conversion of
NO for the simultaneous soot and NO, over Lag 9K ;CoO; catalyst
with different sizes or prepared by the different methods

Catalyst T; T Tt Xno Sco,
O (O (O () (%)
Lag 9Ky 1C0o03 (60-100 nm) 298 398 463 36 98
Lag 9Ky 1Co03 (180-230 pum) 303 410 498 31 95
Lag Ko 1Co03 (380-830 pum) 311 427 544 20 95
Lag.0Kp.1CoOj3 (solid phase 328 406 525 31 89

mechanically mixed method,
180-230 um)
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A-site (La**) is generally trivalent, as La** at A-site is
replaced by lower valency cation K*, according to the
principle of electron neutrality, the positive charge reduced
could be balanced either by the formation of higher oxi-
dation state ion at B-site [19-23], i.e.,

CO3+ N C04+

La; ,K,Cojt, Co3 03 — LaCoOs + xLa**
+ 2x Co>*|Co*"

K+ |/l

or by the formation of oxygen vacancy (Vo) in
LaI,XKXCOO}

La; K.A(V()Co®"0;3_; — LaCoO;3 + xLa*"|[K"|"
+ o]

In addition to the both cases discussed above, a small
amount of B-site vacancy may be formed due to the large
difference in valance between K* and La®*. This consid-
eration was confirmed by the formation of a small amount
of Co30, detected by IR and XRD measurements when a
large amount of K* was introduced into LaCoOj3 for the
substitution of La®*.

Based on the above discussion, the following three rea-
sons can lead to the activity enhancement for K-substituted
samples (La;_,K,CoO3) compared to the unsubstituted
sample (LaCoOs3). The first one is that A-site cation (La*h
was partly replaced by K* and partial Co®* changed to Co**,
which had better catalytic oxidation activity than Co>". The
second one is the increase in the content of oxygen vacancy
(Vo) in La; _,K,CoO;. Generally, the adsorption of NO by
perovskite oxides is related to the surface area and oxygen
vacancies. The surface areas of all perovskite catalysts are
small due to calcinations at high temperature. Thus, the
difference in adsorbed amount of NO on different catalysts
would be attributed to the different concentrations of oxygen
vacancies. The XPS results demonstrate that the content of
surface adsorbed oxygen and oxygen vacancy concentration
of La;_,K,CoO; oxide catalysts increase with increasing in
the K-substituted amount for La. The presence of a large
amount of oxygen vacancies would accelerate the mobility
of lattice oxygen and facilitate to the reproduction of oxygen
vacancy, which increases the adsorption and activation of
NO or molecular oxygen of catalyst surface. Therefore, it can
improve the catalytic activity for simultaneous removal NO,
and soot. Thus, the catalytic activities of the K-substituted
catalysts were further improved. The last one is that the
nanoparticle La;_,K,CoO3 perovskite-type oxides were
obtained. The surface particle sizes of nanoparticle catalyst
are small. Surface atoms on the nanoparticle catalysts have
extra and high surface energies and they are good at mobility,
therefore the contact is still very good between catalysts and
soot even under loose contact conditions. The results in
Table 5 support this point of view. The sample synthesized
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by solid phase mechanically mixed method has lower cata-
lytic activity for the simultaneous removal of soot and NO,
because of their larger particle sizes.

4 Conclusions

The nanoparticle La; _,K,CoOj5 perovskite-type oxides were
obtained by the citric acid-ligated method. The diesel soot and
NO, could be simultaneously removed over the La; _ ,K,CoO3
oxide catalysts and the partial substitution of La’* at A-site by
alkali metal K* enhanced the catalytic activity for the oxida-
tion of soot particle and reduction of NO,. Three possible
reasons, i.e., the formation of high valance ion (C04+) at B-
sites, the formation of oxygen vacancy, and the formation of
oxide catalysts with nanometric size and thus the good contact
between the catalysts and soot, are considered for the activity
enhancement in the reaction of simultaneous removal of diesel
soot and nitrogen oxides when some amounts of La’* at
A-sites were replaced by K*. Especially, the particle size has a
large effect on their catalytic performances of studied catalysts
for the simultaneous removal of diesel soot and nitrogen
oxides. The superior activities of the Lag 70K 30C0oO; catalyst
for the title reaction can be obtained. The oxidation temper-
ature for soot particle over the Lag 70K 30C00O;3 catalyst is
between 289 and 461 °C, the selectivity of CO, is 98.4% and
the conversion of NOx to N, is 34.6% under loose contact
conditions.
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