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Abstract

Effect of cerium ions on the activity of La1−xCexSrNiO4 (0≤ x≤ 0.3) for NO decomposition was investigated both in the absence and
presence of oxygen. The amount of Ce in the frame reached 30 at.% (x= 0.3) in the present case without destroying the matrix structure.
The Ce-substituted samples showed high activity for NO decomposition not only in the absence of O2 but also in the presence of O2, and
the specific activity reached 1.59�mol s−1 m−2 even 6.0%Owas fed to the reactant gas (LaCe SrNiO , T= 1123 K), indicating that the
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e addition can enhance the oxygen forbearance of catalyst. In addition, a new highly active site, which facilitates oxygen mobili
esorption, might be formed in the sample due to the Ce addition, which thus resulted in the high activity for NO decomposition.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Nitrogen oxides (NOx), one of the serious pollutants in the
arth’s atmosphere, have been received much attention even
century ago because of the harm to environment and human
ody. Their removal from all sources remains great challenge,

n spite of all progress made over the years[1–3]. Catalytic
O decomposition is the most desirable way of removing
Ox from exhaust gas streams since it does not involve the
ddition of a supplemental reductant and the products of the
eaction (N2 and O2) are nontoxic[4]. However, it is known
hat in the process of NO decomposition, the oxygen pro-
uced from NO dissociation is often strongly bonded to the
atalyst surface, poisoning NO dissociation site and prevent-
ng NO dissociation further[5]. Hence, to promote the oxygen
esorbing from the active site is one of the effective ways to

mprove the activity of NO decomposition.
Among the catalysts for NO decomposition, Cu-ZSM-5

s the most excellent one and exhibits high activity even at

∗ Corresponding author. Tel.: +86 431 5262228; fax: +86 431 5685653.

low temperatures (∼773 K) [6,7]. But the shortcomings o
Cu-ZSM-5 are the narrow temperature range with high
tivity and the unstable structure at high temperatures. W
O2 and/or H2O, especially SO2 coexisted in the reactan
the activity of NO decomposition decreased abruptly.
other sort of interesting catalysts for NO decomposition
perovskite(-like) mixed oxides with ABO3 or A2BO4 struc-
ture [2], in which the valence of B-site transition metal,
well as the number of oxygen vacancies are controllab
partial substitution of A- and/or B-sites ions, without destr
ing the matrix structure. Here, the active site is thought t
F-center, described as: [ ]Mn+ ⇔ [e−]Mn+1 [8].

Recently, cerium received much attention in desig
catalyst for NO decomposition because of its exce
performance for oxygen storing/scavenging. Delmon
co-workers [9] found that the activity of LaCoO3 was
significantly improved when CeO2 doping in LaCoO3.
Pomonis and co-workers[10,11] found that the NO decom
position rate accelerated with the increase of CeO2 conten
in La–Sr–Ce–Fe–O system. Misono and co-workers[12,13]
investigated the property of Sr-, Ce- and Th-substit
E-mail address:xgyang@ciac.jl.cn (X. Yang). LaMO3 (M = Mn, Fe, Co) in detail and found that only
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the Ce-substituted samples showed improving property for
oxygen mobility. All these results showed that catalytic per-
formance of catalyst could be improved by cerium addition.

In this paper, based on our previous works[14–16] we
investigated the transformation of active site as well as
the effect of Ce content on the catalytic performance of
La1−xCexSrNiO4. The high activity of La1−xCexSrNiO4
(x≤ 0.3) for NO decomposition suggests that a new highly
active site, which facilitates oxygen mobilization and desorp-
tion, is formed due to the Ce addition.

2. Experiment

2.1. Preparation

La1−xCexSrNiO4 with x from 0 to 0.7 was prepared by the
conventional citrate method[17]. Briefly, to an aqueous solu-
tion of La3+, Ce3+, Sr2+ and Ni2+ nitrates (all are in A.R. pure
grade) with appropriate stoichiometry, a solution of citric acid
50% in excess of stoichiometry was added. The resulting so-
lution was evaporated to dryness, and then the precursors
obtained were decomposed in air at 573 K, calcined at 873 K
for 1 h and finally pelletized and calcined at 1173 K in air for
6 h, the synthesized pellets were pulverized to 40–80-mesh
size to be used.
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keep W/F = 1.2 g s mL−1). The gas composition was analyzed
before and after the reaction by an online gas chromatogra-
phy, using molecular sieve 5 A column for separating NO, N2
and O2. N2O was not analyzed here because it was difficult
to form between 773 and 1123 K[18]. Before the data were
obtained, reactions were maintained for a period of∼2 h at
each temperature to ensure the steady-state conditions. The
activity of NO decomposition was evaluated by the following
equation:

N2 yield (specific activity)= 1

AS

2[N2]out

[NO]in
× 100

whereAS represented the specific surface areas of catalyst;
[NO]in and [N2]out were the concentration of NO and N2
measured before and after the reaction, respectively.

3. Results and discussion

3.1. Study of powder X-ray diffraction

Fig. 1(a) shows the XRD patterns of La1−xCexSrNiO4
with x from 0 to 0.7 (also seeTable 1). All the sam-
ples have the perovskite-like structure with A2BO4 type.
The peak at 2θ =∼28◦ (characteristic diffraction peak of
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.2. Characterization

Powder X-ray diffraction (XRD) data were obtained fr
n X-ray diffractometer (type D/MAX B, Rigaku) operated
0 kV and 10 mA at room temperature, using Cu K� radiation
ombined with nickel filter. The diffraction angle 2θ falls
etween 20◦ and 80◦.

Specific surface areas (SSA) of catalyst were meas
y N2 adsorption at 77 K with a Micromeritics ASAP20

nstrument.
Infrared spectra (IR) in the range 1800–400 cm−1 were

ecorded on a Nicolet-5DX FT-IR spectrometer with a T
etector. Samples were produced in the form of KBr pe

Temperature programmed desorption of oxygen2-
PD) was carried out on conventional apparatus equi
ith a thermal conductivity detector (TCD). The samp

0.2 g) were first treated in O2 at 1073 K for 1 h and cooled
oom temperature in the same atmosphere, then swep
elium at a rate of 11.8 mL/min until the base line on
ecorder remained unchanged. Finally, the sample was h
t a rate of 20 K/min in helium to record the TPD profile

.3. Catalytic activity measurement

Steady-state activities of catalysts were evaluated us
ingle-pass flow micro-reactor made of quartz, with an in
al diameter of 6 mm. The reactant gas was passed th
.5 g catalysts (1%NO/He) at a rate of 25 mL/min or 0
atalysts (1%NO + 1–6%O2/He) at a rate of 40 mL/min (t
eO2 phase) increased with the increase of Ce con
hich might imply the appearance of CeO2 phase, but thi
eak was also the reflection peak of La1−xCexSrNiO4 (see
RD patterns of samplex= 0). Hence, in order to cla

fy whether this peak contains the contribution of Ce2,
he intensity ratio of CeO2 (2θ =∼28◦) to La1−xCexSrNiO4
2θ =∼31.8◦) was plotted[9]. The results inFig. 1(b) shows
hat this ratio (curve I) was almost unvaried at the be
ing (0≤ x≤ 0.3), then increased abruptly afterx> 0.3, sug
esting that the peak (2θ =∼28◦) appeared in the samp
≤ 0.3 does not include the contribution of CeO2. Namely,
e occupied the La-site of La1−xCexSrNiO4 completely a
≤ 0.3 without destroying the matrix structure. Afterx> 0.3,

he abrupt increase of the ratio indicated that Ce canno
upy the La-site of LaSrNiO4 completely and CeO2 phase
ppeared. Besides, a minor evidence obtained from
atterns also supported the result that Ce can occup
a-site of La1−xCexSrNiO4 completely atx= 0.3 (here, “mi
or” means that the peak analyzed is not the first stron
eak of CeO2, but the fourth one). FromFig. 1(c), which

able 1
rystal structure and specific surface area (SSA) of the used catalyst

atalysts Crystal structure BET surface area (m2/g)

aSrNiO4 P-l 6.5
a0.9Ce0.1SrNiO4 P-l 7.0
a0.7Ce0.3SrNiO4 P-l 5.0
a0.5Ce0.5SrNiO4 P-l + CeO2 4.8
a0.3Ce0.7SrNiO4 P-l + CeO2 + P′ 4.5

-l: perovskite-like structure (La1−xCexSrNiO4); P′: other perovskit
hase(s).
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Fig. 1. (a) XRD patterns of La1−xCexSrNiO4 (0≤ x≤ 0.7); (b) the intensity ratio of the peak (2θ =∼28◦) to that of La1−xCexSrNiO4(1 1 0)at peak 2θ =∼31.8◦,
‘I’ obtained from La1−xCexSrNiO4; ‘II’ obtained from (LaSrNiO4)1−x + (CeO2)x; (c) fine XRD spectra of La1−xCexSrNiO4 (30◦ ≤ 2θ ≤ 35◦); (d) XRD patterns
of the mechanical mixture of “(LaSrNiO4)1−x + (CeO2)x” (0 ≤ x≤ 0.5).

reflected the fine XRD patterns of La1−xCexSrNiO4 at the
range 30◦ ≤ 2θ ≤ 35◦, it is seen that a small shoulder peak at
2θ =∼33.08◦, which only belongs to CeO2 phase, appeared
at x≥ 0.5 and its intensity increased with the increase of Ce
content, indicating that CeO2 phase appeared only atx≥ 0.5.
Namely, Ce can occupy the La-site of La1−xCexSrNiO4 com-
pletely atx= 0.3. Finally, the XRD patterns of mechanical
mixture, (LaSrNiO4)1−x+ (CeO2)x, was also measured and
the results were shown inFig. 1(d). By comparing with
Fig. 1(a) and (d), one can find that the peak intensity of
“(LaSrNiO4)1−x+ (CeO2)x” at 2θ =∼28◦ was far stronger
than that of “La1−xCexSrNiO4” especially atx≤ 0.3, suggest-
ing that the peak of La1−xCexSrNiO4 (x≤ 0.3) at 2θ =∼28◦
is ascribed not to CeO2, but to La1−xCexSrNiO4 (x≤ 0.3) it-
self. In addition, from the intensity ratio of CeO2 (2θ =∼28◦)
to La1−xCexSrNiO4 (2θ =∼31.8◦) in the mechanical mixture
(seeFig. 1(b), curve II), it is seen that this ratio increases con-
tinuously with the increase of CeO2 content and is far higher
than that measured in La1−xCexSrNiO4, indicating that the
peak of La1−xCexSrNiO4 (x≤ 0.3) at 2θ =∼28◦ is indeed
not ascribed to CeO2. In all, all the evidences supported that
Ce can occupy the La-site of La1−xCexSrNiO4 completely at
x= 0.3 without destroying the matrix structure.

As reported earlier about LaSrNiO4 [14,17] the presence
of oxygen vacancy and the mixed oxidative state of Ni in
LaSrNiO4 could be explained by the following equations (Vo,
′ and• represent the oxygen vacancies, cation holes and anion
electrons, respectively):

La2−xSrxNi2+
1−xNi3+

xO4

→ La2NiO4− + xLa3+|Sr2+|′ + xNi2+|Ni3+|• (1)

La2−xSrxNi2+(Vo)λO4−λ

→ La2NiO4 + xLa3+|Sr2+|′ + λ|O|•• (x = 2λ) (2)

When a low valence cation (Sr2+) occupied the frame at
La3+-site, the oxidative state of nickel, as well as the num-
ber of oxygen vacancy would increase in order to satisfy the
electroneurality. In this experiment, we cannot measure the
average oxidative state of Ni by means of iodometry because
the valence of Ce is alterable (3+ and 4+). However, it might
be deduced that the number of oxygen vacancy, as well as the
average oxidative state of B-site ion would decrease when a
high valence cation (Ce4+) occupied the frame at La3+-site.
This is true as certified by the following data.
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3.2. Study of IR spectra

Results obtained from IR spectra supported the results
analyzed from XRD patterns. InFig. 2, all the samples
show a vibration absorption band at 500 cm−1, which is
the stretching vibration of A–O–B (La–O–Ni) in A2BO4
belonging to A2u vibration mode and is the characteris-
tic absorption band of K2NiF4-type (A2BO4) mixed oxides
[19]. This indicated that all the samples have the perovskite-
like structure with A2BO4 type. The absorption band at
500 cm−1 was slightly split into two when Ce was added,
which might be caused by the small radius and high va-
lence of Ce4+ (compared with that of La3+). This result
suggested that some of Ce ions do occupy the La-site
LaSrNiO4.

The absorption bands at 858 and 1460 cm−1 were as-
cribed to the contribution of SrCO3 [20]. Because of the
large amount of Sr elements in the precursor and the sam-
ples were prepared by citrate method, which will introduce
carbon to the catalyst, it is possible for SrCO3 phase be-
ing formed, since the decomposition temperature of SrCO3
is higher than 1173 K. However, as the SrCO3 phase was
not detected in XRD patterns, it must be highly dispersed
on the catalyst surface[21]. In addition, as the sensitivity of
CO3

2− in IR spectra is far stronger than that of other com-
pound oxides, therefore, the absorption band of SrCOwas
d
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Fig. 3. O2-TPD profiles measured from La1−xCexSrNiO4 (0≤ x≤ 0.7).

3.3. O2-TPD spectra

Fig. 3shows the O2-TPD profiles of La1−xCexSrNiO4 at
the range of 323–1173 K. Three kinds of oxygen desorption
peaks were observed in the profile. The peak appeared at
350 <T< 670 K is weak and is ascribed to the oxygen chem-
ically adsorbed on the surface (denoted as:� oxygen); the
peak appeared at 670 <T< 1050 K is ascribed to the oxygen
chemically adsorbed on the oxygen vacancy (denoted as:�
oxygen); the peak appeared atT> 1050 K then is ascribed to
the oxygen escaped from the lattice (denoted as:� oxygen)
[22].

Among the three oxygen desorption peaks, the� oxygen
desorption peak is interesting. The desorption area of� oxy-
gen decreased with the increase of Ce content at 0≤ x≤ 0.5,
suggesting the decrease of the number of oxygen vacancies.
It also suggested that the existence of Ce in the frame is not
in Ce3+ form, but in Ce4+ form, otherwise the desorption area
will not decrease due to the same oxidative state of La3+ and
Ce3+. But it should be noted that the desorption area of� oxy-
gen in samplex= 0.7 was larger than that in samplex= 0.5,
due to the appearance of the new perovskite phase (for exam-
ple, LaNiO3) in samplex= 0.7 (seeFig. 1(a)). Certainly, the
oxidative state of Ni will decrease also, as discussed below.

The temperature of the� oxygen desorption peak shifted
to lower temperature with the addition of Ce, suggesting that
t s eas-
i ly
a orp-
t (see
S

3

ot be
m to the
a , the
o sults
3
etected.

The reason that Ce can enter the frame of La1−xCexSrNiO4
ven atx= 0.3 might be partly ascribed to that, the system
en here is in perovskite-like with A2BO4 type, the structur
f which is more stable than that of perovskite with AB3

ype (in perovskite oxides La(Ce, Sr)MO3, the maximum
ontent of Ce in the La-site is 10 at.%, i.e.,x= 0.1[9–13]). In
ddition, in the present structure there existed a large am
f low valence cations (Sr2+), which facilitated the Ce4+ ions

o the frame from the electroneurality.

ig. 2. IR spectra of the series of catalysts, La1−xCexSrNiO4 (0≤ x≤ 0.7).
he oxygen desorption from the Ce-substituted samples i
er than that from LaSrNiO4. It might be that a new high
ctive site, which facilitates oxygen mobilization and des

ion, was formed in these samples, due to the Ce addition
ection3.6).

.4. Oxidative state of Ni

As mentioned above, the average valence of Ni cann
easured by means of iodometry in the present case due
ddition of Ce, the valence of which is alterable. Hence
xidation state of Ni discussed here is the calculated re
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Fig. 4. The Ni2+ and Ni3+ content calculated from the four catalysts
(LaNiO3, LaSrNiO4, La1−xCexSrNiO4 and La2NiO4).

based on the reference of LaNiO3, LaSrNiO4 and La2NiO4.
From the data of our previous works[14], we summarized the
change of Ni2+ and Ni3+ content in the above three catalysts,
as shown inFig. 4. Obviously, in the two curves there ap-
peared an intersection, at which the content of Ni2+ and Ni3+

are equal (50% for each). On the other, from the molecular
formula of LaSrNiO4, La1−xCexSrNiO4 and La2NiO4, it is
known that the average valence of Ni in La1−xCexSrNiO4
should be in between that in LaSrNiO4 and La2NiO4, ac-
cording to the valence of Sr2+ and Ce4+ (seeFig. 4). Hence,
the average valence of Ni will decrease when increasing the
Ce4+ content in La1−xCexSrNiO4, and it is possible for the
Ni2+ and Ni3+ content to get equal by changing the Ce4+

content. According to the literature[23], when the Ni2+ and
Ni3+ content is equal, the catalyst possesses more percentage
of “Ni 2+-[ ]-Ni 3+” pairs (active site), which favors the sur-
face reaction to occur and thus results in the high activity. In
Fig. 4, it could be calculated that the intersection is atx= 0.3
of La1−xCexSrNiO4, which implies that La0.7Ce0.3SrNiO4 is
the most suitable catalyst for NO decomposition since the
amount of active sites is in the largest. This is in compliance
with the result shown inFig. 5.

3.5. Catalytic activity of NO decomposition

ta-
l
c per-
a
t
a n, or
t and
q d in
t

c d the
d Ce-
s e
C xyge
a r

Fig. 5. Specific activity of La1−xCexSrNiO4 (0≤ x≤ 0.7) for NO decom-
position at different temperature and oxygen content, W/F = 1.2 g s mL−1.
Curves a–c were measured in the presence of 6.0%O2 at T= 973, 1023,
1123 K, respectively; curve d was measured in the presence of 1.0%O2 at
T= 1123 K; curve e was measured in the absence of oxygen atT= 1123 K.

effect on the activity. It is probably ascribed to the new highly
active site formed in these samples due to the Ce addition. As
a result, the removal of oxygen or the regeneration of active
site could be carried out in time and the activity measured in
the presence of 1%O2 could be compared to that measured
in the absence of oxygen. Besides, it should be noted that
the activity increased with the increase of Ce content at the
beginning (x≤ 0.3), then decreased with further increasing
the Ce content (x> 0.3). The increase of activity (x≤ 0.3)
suggested that the NO decomposition rate depends largely
on the Ce content and the optimum value is 30 at.% (x= 0.3),
at which Ce occupied the La-site of La1−xCexSrNiO4
completely and the amount of active sites is in the largest
(see Section3.4). However, when Ce was further increased
(x≥ 0.5), Ce cannot occupy the La-site of La1−xCexSrNiO4
completely and CeO2 phase appeared. Also, the number of
oxygen vacancies, which is the active site of NO adsorption,
was further decreased and was almost zero atx= 0.5 (see
O2-TPD), which thus resulted in the decrease of activity. The
higher activity of La0.3Ce0.7SrNiO4 (compared with that of
La0.5Ce0.5SrNiO4) might be ascribed to the synergistic effect
of the various perovskite (-like) oxides (see XRD patterns). In
all, a certain amount of Ce in the frame of La1−xCexSrNiO4
(here, x= 0.3) is necessary for improving the activity of
NO decomposition. Many authors[9–13] have reported the
similar results, except that the Ce content in their catalyst
s m
t

e
(
t ill
(
f e-
s posi-
t -
c st
Activities of NO decomposition over the series of ca
ysts were measured and shown inFig. 5. The activity in-
reased monotonously with the increase of reaction tem
ture, since the thermal desorption of oxygen[24,25]and/or

he decomposition of NO∗2/NO∗
3 species[26,27]is facilitated

t high temperatures. As a result, the desorption of oxyge
he regeneration of active site, could be carried out easily
uickly in NO decomposition process, which thus resulte

he high activity.
The activity measured in the presence of 1%O2 could

ompare to that measured in the absence of oxygen, an
ifference in them was small, especially for those with
ubstituted (see curves d and e inFig. 5), indicating that th
e-substituted samples possess strong forbearance to o
nd can accommodate 1%O2 in the feed gas with mino
n

ystem was low (10 at.%,x= 0.1) and the catalyst syste
hey investigated is perovskite oxides with ABO3 structure.

The activity measured at high O2 partial pressur
6%O2) was lower than that measured at low O2 par-
ial pressure (1%O2), but it could keep in high value st
the specific activity at 1123 K reached 1.59�mol s−1 m−2

or La0.7Ce0.3SrNiO4), suggesting that the present C
ubstituted samples are excellent catalyst for NO decom
ion even in the presence of excess oxygen (6%O2). The spe
ific activity of La0.7Ce0.3SrNiO4 was always in the highe
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Scheme 1. Ideal structure of La1−xCexSrNiO4.

at the temperature range of 923≤T≤ 1123 K, indicating that
at high oxygen concentration (6%O2), the new highly active
site is the main factor corresponding for the activity. Namely,
the formation of a new highly active site that facilitates oxy-
gen mobilization and desorption is very important for NO
decomposition, especially in the presence of excess oxygen.

Ishihara et al. [27] reported recently that
La0.7Ba0.3Mn0.8In0.2O3 was active for NO decomposi-
tion at elevated temperature and that the N2 yield at 1073 K
reached ca. 15% when W/F was set at3 g s mL−1 (in the
presence of 6%O2, feed gas: 1%NO/He). Although the
present experimental conditions were serious than their con-
ditions, the present Ce-substituted catalysts showed higher
activity for NO decomposition (the N2 yield reached 32%
for La0.7Ce0.3SrNiO4, W/F = 1.2 g s mL−1; in the presence
of 6%O2; feed gas: 1%NO;T= 1073 K), suggesting that the
present Ce-substituted samples are suitable catalysts for NO
decomposition at elevated temperature, especially in the
presence of excess oxygen.

3.6. Structure and active site

Scheme 1shows the structure of perovskite-like oxides
with ideal K2NiF4-type. This structure can be described as
containing alternate layering of perovskite (ABO3) and rock-
salt (AO) units. In general, the active sites of perovskite (-
l site
c ibed
a
0
N
t ble

Fig. 6. Active site structure of La1−xCexSrNiO4 for NO decomposition (�‘:
oxygen vacancy).

(Ce4+ ⇔ Ce3+), to the La-site of LaSrNiO4. Namely, the Ce
in La-site would take part in the reaction and is one part of
the active sites. The participation of Ce in the reaction might
be written as follows:

2Ce3+-(O)-(Ni2+-[ ]-Ni 3+) + 2NO

→ 2Ce4+-(O)-(Ni3+-[O2−]-Ni3+) + N2 (3)

2Ce4+-(O)-(Ni3+-[O2−]-Ni3+)

→ 2Ce3+-(O)-(Ni2+-[ ]-Ni 3+) + O2 (4)

In conclusion, the substitution of Ce for La in LaSrNiO4
resulted two actions: one is to decrease the number of oxygen
vacancies; the other is to improve the catalytic activity for NO
decomposition. This seems self-contradiction, but it is true.
The reason is that Ce4+ with higher Pauling electronegativity
(more than La3+) possessed stronger force to draw the elec-
tron from Ni3+-O-Ni3+, resulting in the easier removal of oxy-
gen in Ni3+-O-Ni3+ to form Ni3+-[ ]-Ni 2+ or the regeneration
of active site (seeFig. 6). The optimum value of Ce content in
La1−xCexSrNiO4 is atx= 0.3 (i.e., La0.7Ce0.3SrNiO4), which
showed the highest activity for NO decomposition. However,
with further increasing the Ce content (x≥ 0.5), the number
of oxygen vacancies reduced and other phase(s) appeared
and the perovskite-like structure were destroyed. As a result,
t bove
( e
o

that
b n of
t the
a t of
t

4

s
p ition
n seous
o
t t be
f ich
t bited
ike) oxides for NO decomposition are composed of B-
ation with low oxidative state and oxygen vacancy, descr
s: Ni2+-[ ]-Ni 3+. But in the present case (La1−xCexSrNiO4,
<x≤ 0.3), a new complex active site, Ce3+-(O)-(Ni2+-[ ]-
i3+), might also appear in the sample (seeFig. 6) due

o the addition of Ce, of which the valence is altera
he activity of NO decomposition decreased. As seen a
XRD and O2-TPD), La0.5Ce0.5SrNiO4 almost loss all th
xygen vacancy and CeO2 phase appeared.

Based on the above discussion, it can be concluded
oth the existence of oxygen vacancy and the formatio

he new highly active site are necessary for improving
ctivity of NO decomposition, and the synergistic effec

hem reached the maximum atx= 0.3 of La1−xCexSrNiO4.

. Conclusion

Pure La1−xCexSrNiO4 phase withx from 0 to 0.3 wa
repared and showed high activity for NO decompos
ot only in the absence but also in the presence of ga
xygen. A new highly active site Ce3+-(O)-(Ni2+-[ ]-Ni 3+)

hat facilitates oxygen mobilization and desorption migh
ormed in the sample due to the addition of Ce, of wh
he valence is alterable. As a result, the catalysts exhi
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strong forbearance to O2 and showed high activity for NO
decomposition even in the presence of excess oxygen. It
might be a suitable amount of Ce in La0.7Ce0.3SrNiO4, which
showed the highest activity for NO decomposition. Com-
pared with that reported elsewhere, the present Ce-substituted
catalysts showed higher activity for NO decomposition even
in the presence of excess oxygen, and hence suggested
that they are potential catalysts for NO removal at elevated
temperature.
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