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a b s t r a c t

A Ce–Mn mixed oxide with the Mn/(Ce + Mn) molar ratio of 0.25 (designated as CeMn) was prepared by
the glycolthermal method, and NO decomposition activities of CeMn modified with various species (alkali
eywords:
O decomposition
e–Mn mixed oxide
lkali
lkaline earth

and alkaline earth species and noble metals) were examined. Although CeMn itself exhibited only a low
activity for the direct decomposition of NO into N2 and O2, CeMn modified with alkali or alkaline earth
species exhibited significant activities. The CO2-TPD experiment indicated that the NO decomposition
activity of the catalysts was correlated with their basicities. The highest NO conversion was achieved
by a Ba/CeMn system. The NO conversion on the Ba/CeMn catalyst increased with increasing reaction
temperature, and 67% of NO conversion was attained at 800 ◦C. This catalyst retained a high activity (50%

sence

O2-TPD

at 800 ◦C) even in the pre

. Introduction

Nitrogen oxides (NOx) formed by combustion cause severe
etrimental environmental problems such as acid rain and pho-
ochemical smog. Catalytic NOx reduction processes such as the
hree-way catalyst device for gasoline-fueled vehicles, NOx storage-
eduction (NSR) system for lean-burn engines, and selective
atalytic reduction with ammonia (SCR) for large-scale combus-
ion facilities have been developed so far. However, the amount of
Ox emission in urban area has significantly increased recently, and
ther effective deNOx methods have been sought. Of various deNOx

trategies, direct decomposition of NO (2NO → O2 + N2) is expected
o be the most desirable because this process is quite simple and
oes not need any reductants such as NH3, H2, CO, or hydrocarbons.

Catalysts, such as precious metals [1,2], single metal oxides
3,4], Cu-ZSM-5 [5,6], Sr/La2O3 [7], Ba/MgO [8], alkali-doped
o3O4 [9–11], perovskites (La1−xSrxMO3 (M = Co, Fe, Mn)
12], La1−xSrxMn1−yNiyO3 [13], La1−xBaxMn1−yInyO3 [14],
aMnO3 [15], SrFeO3 [16]) and C-type cubic rare earth oxides
(Gd1−x−yYxBay)2O3−y [17], (Y1−xZrx)2O3+x [18]) have been
ound to be effective for direct decomposition of NO. Recently,

a0.5/BaY2O4 mixed oxides were also reported to be active for
his reaction [19]. Most of these catalysts contain alkali or alkaline
arth elements, such as Na, K, Sr and Ba, in their oxide matrices
7–17,19]. However, the problem with these systems is the strong

∗ Corresponding author. Tel.: +81 75 383 2478; fax: +81 75 383 2479.
E-mail address: inoue@scl.kyoto-u.ac.jp (M. Inoue).

920-5861/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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of 5% CO2 in the feed gas.
© 2010 Elsevier B.V. All rights reserved.

inhibition caused by the coexisting CO2 because of its competitive
adsorption with NOx on the active sites of these catalysts [16,20].
Accordingly, it is necessary to develop catalysts having high NO
decomposition activities even in the presence of CO2.

We found that Ba–Ce–Co mixed oxides prepared by a polymer-
ized complex method showed high NO decomposition activities
[21]. The addition of other components to CeO2 was also exam-
ined and it was found that Ce–Mn mixed oxides modified with Ba
species showed improved activities [22].

In this study, we prepared a Ce–Mn mixed oxide by the gly-
cothermal method and examined the NO decomposition activities
of the Ce–Mn oxide modified with various species (alkali and
alkaline earth species and noble metals). The catalysts were char-
acterized by various techniques, and the correlation between NO
decomposition activities of the catalysts and their behavior for the
temperature-programmed desorption of CO2 (CO2-TPD) was inves-
tigated in detail.

2. Experimental

2.1. Preparation of the catalysts

A Ce–Mn mixed oxide sample with the Mn/(Ce + Mn) molar
ratio of 0.25 (designated as CeMn) was prepared by the gly-

cothermal method. Appropriate amounts of Ce(CH3COO)3·4H2O
and Mn(CH3COO)2·H2O were added to 100 ml of 1,4-butanediol,
and this mixture was set in a 300-ml autoclave. After the auto-
clave was purged with nitrogen, the mixture was heated to 300 ◦C
at a rate of 2.3 ◦C min−1 and kept at that temperature for 2 h. After

dx.doi.org/10.1016/j.cattod.2010.10.063
http://www.sciencedirect.com/science/journal/09205861
http://www.elsevier.com/locate/cattod
mailto:inoue@scl.kyoto-u.ac.jp
dx.doi.org/10.1016/j.cattod.2010.10.063
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Table 1
BET surface areas and NO decomposition activities of M/CeMn catalysts (M = metal
species added).

Catalyst BET surface area (m2/g) NO conversion to N2 (%)a

600 ◦C 700 ◦C 800 ◦C

CeMnb 22 2.5 4.0 6.3
5 wt.% Li 1 0.6 0.6 2.3
5 wt.% Na 6 0.7 5.3 12.5
5 wt.% K 10 4.3 16.0 34.6
5 wt.% Cs 15 4.6 12.9 22.0
5 wt.% Mg 15 1.5 2.7 4.6
5 wt.% Ca 15 4.2 13.5 26.2
5 wt.% Sr 29 14.6 35.2 49.9
5 wt.% Ba 28 23.3 57.3 67.7
5 wt.%V 2 – – 0.2
5 wt.% Cr 10 – – –
5 wt.% Fe 24 – 0.3 0.4
5 wt.% Co 25 1.7 2.3 2.1
5 wt.% Ni 21 0.4 0.7 1.1
5 wt.% Cu 23 – 0.2 0.4
3 wt.% Rh 17 1.4 2.0 2.3
3 wt.% Pd 31 8.6 20.5 37.5
3 wt.%Ag 19 2.3 2.8 3.7
3 wt.% Pt 30 – 2.0 2.4
3 wt.% Pd/Al2O3

c 105 17.4 48.5 65.5
90 W.-J. Hong et al. / Cataly

he autoclave was cooled to room temperature, the resultant pow-
er product was collected by centrifugation. It was washed with
cetone, air-dried, and then calcined in air at 400 ◦C for 4 h.

Alkali, alkaline earth, and noble metal components were loaded
n CeMn by an impregnation method using aqueous solutions of
he corresponding metal nitrates, followed by calcination at 800 ◦C
or 1 h (designated as M/CeMn, M denotes alkali, alkaline earth, or
oble metal elements).

.2. Direct NO decomposition

The catalytic tests for NO decomposition were carried out in a
xed-bed flow reactor made of quartz glass tubing with an inner
iameter of 10 mm. The catalyst was pressed into a pellet, pul-
erized into 10–22 mesh size, and placed in the reactor. After the
atalyst was heated at 800 ◦C in a He gas flow, the reaction gas
ontaining 6000 ppm NO with He balance was introduced to the
atalyst bed (W/F = 1 g s ml−1, SV = 5000 h−1). The effluent gas was
nalyzed using a GL Science MicroGC 2002 gas chromatograph
quipped with Molsieve 5A and Poraplot Q columns. The NO con-
ersion was calculated on the basis of the formation of N2:

O conversion = 2[N2]out

[NO]in
,

here [N2]out is the N2 concentration in the effluent gas and [NO]in
s the NO concentration in the feed gas.

In the catalytic runs tested in the present study, only the by-
roduct detected by Q-mass analysis (Pfeiffer Vacuum Omnistar
SD 301 O 1 Q-MASS spectrometer) was N2O and selectivities for
2 were >99%.

.3. Characterization of the catalysts

Powder X-ray diffraction (XRD) patterns were recorded on a
himadzu XD-D1 diffractometer using the Cu K� radiation and a
arbon-monochromator. Crystallite size of the catalysts was cal-
ulated from the half-height width of the diffraction peak using
cherrer’s equation.

The specific surface area of the sample was calculated by the BET
ingle-point method on the basis of nitrogen uptake measured at
7 K using a Shimadzu Micromeritics Flowsorb II 2300 sorptograph.

Temperature-programmed desorption profiles of CO2 (CO2-
PD) were obtained on a Bel Japan TPD-1-AT apparatus equipped
ith a quadrupole mass (Q-MASS) detector. Before the CO2-TPD

xperiment, the samples (50 mg) were treated in situ in a 50 ml/min
2 flow at 800 ◦C for 1 h, cooled to 50, 100, 200, or 500 ◦C in a
0 ml/min He flow, and, then, kept in a the same gas flow for 30 min.
he samples were exposed to CO2 (20 ml/min) at that temperature
or 60 min, kept again in a 50 ml/min flow of He for 30 min, cooled
o 50 ◦C, and then heated from 50 ◦C to 800 ◦C in the He gas flow at
rate of 10 ◦C/min−1 while monitoring CO2 desorption.

Temperature-programmed desorption of NO (NO-TPD) was car-
ied out in the fixed-bed flow reactor. The catalyst was heated at
50 ◦C for 30 min in He and cooled to 100 ◦C, and a gas composed
f 6000 ppm NO and He balance was allowed to flow over the cat-

lyst at W/F = 1.0 g s ml−1 for 1 h. After the excess adsorptive gas
as purged with an He flow, the catalyst was heated to 800 ◦C at a

ate of 10 ◦C min−1 in the He flow, and the desorbed species were
nalyzed with a Pfeiffer Vacuum Omnistar GSD 301 O 1 Q-MASS
pectrometer.
a Catalyst, 0.50 g; 6000 ppm NO in He; W/F = 1.0 g s ml−1.
b Ce–Mn mixed oxide with a Mn/(Ce + Mn) molar ratio of 0.25 calcined at 800 ◦C

for 1 h.
c Al2O3 was purchased from Nanophase Technologies Corp.

3. Results and discussion

3.1. NO decomposition activity of CeMn modified with various
components

Table 1 shows the NO decomposition activities of CeMn modi-
fied with alkali, alkaline earth, transition, and noble metal species.
The Ce–Mn mixed oxide (CeMn) without additives exhibited quite
a low activity. However, noticeable NO conversions were attained
over CeMn modified with alkali, alkaline earth, and noble metal
components except Li, Mg, Rh, Ag, and Pt. Among the catalysts
examined, CeMn modified with K, Sr, Ba, and Pd exhibited high NO
conversions. The Pd/CeMn catalyst was less active than Pd/Al2O3
catalyst; Al2O3 was purchased from Nanophase Technologies. The
NO decomposition activity of CeMn decreased when transition
metal species were loaded.

The BET surface area of CeMn calcined at 800 ◦C was 22 m2/g.
When it was modified with alkali, alkaline earth, and noble metal
species, the surface area decreased except for loading of Sr, Ba, Pd,
and Pt.

Fig. 1a and b shows the effects of the amounts of alkali and alka-
line earth components on the activities of the M/CeMn catalysts.
With the increase in the amount of K, Cs, Sr, and Ba, the activity sig-
nificantly increased. High NO conversions were attained for 5 wt.%
K/CeMn, 7 wt.% Cs/CeMn, 3 wt.% Sr/CeMn, and 3–10 wt.% Ba/CeMn,
but further increase in the loading of these elements resulted in
activity decrease, because of the decrease in the dispersion of alkali
and alkaline earth species in the catalyst as discussed later.

3.2. Characterization of CeMn modified with alkali and alkaline
earth components

Fig. 2 shows the XRD patterns of the CeMn and M/CeMn cat-
alysts (M: alkali elements) calcined at 800 ◦C for 1 h. The XRD

pattern of parent CeMn showed diffraction peaks at 2� = 28.3,
33.1, 47.5, 56.5, 59.1, and 69.4, which were attributed to CeO2
with a cubic fluorite structure (JCPDS #34-0394). No diffraction
peaks due to Mn-related phases were recognized. This result
is consistent with the report by Machida et al. [23]. They pre-
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for Ca/CeMn due to the decomposition of CaCO3, which was also
confirmed by a separate experiment.

Fig. 6 shows the correlation between NO conversion and CO2
uptake (based on the desorption of CO2 in TPD experiment) by the
ig. 1. Effect of the loading of alkali and alkaline earth components upon the NO
ecomposition activities of M/CeMn catalysts at 800 ◦C. (a) Alkali components, (b)
lkaline earth components. Reaction conditions: catalyst, 0.50 g; 6000 ppm NO in He;
/F = 1.0 g s ml−1.

ared MnOx–CeO2 by a co-precipitation method, and found that
n2O3 was crystallized in the samples with Mn/(Mn + Ce) > 0.75,
hereas the samples with Mn/(Mn + Ce) < 0.5 showed broad peaks

ttributable to CeO2. For the CeMn samples containing alkali com-
onents, peaks due to both CeO2 and alkali manganites, Li4Mn5O12
JCPDS #46-0810) (Fig. 2(a)) [24,25], NaxMnO2·H2O (Fig. 2(b))
26–29], and KxMnO2·H2O (Fig. 2(c)) [26–29], and CsxMnO2·H2O
Fig. 2(d)) [30,31], were detected. In addition, incorporation of alka-
ine species caused sharpening of the peaks due to CeO2, indicating
hat the alkali components facilitated the growth of CeO2 crystals.

Fig. 3 shows the XRD patterns of M/CeMn catalysts (M: alkaline
arth elements). Only diffraction peaks due to CeO2 are observed,
nd no diffraction peaks due to the phases containing Mn and/or
lkaline earth elements are recognized. This result indicates the
igh dispersion of alkaline earth ions on these catalysts.

In order to see the basicity of the catalyst, CO2-TPD experiment
as carried out, and the results are shown in Figs. 4 and 5. The
O2-TPD profile for CeMn alone showed a peak at ∼100 ◦C (Fig. 4e).
he peak observed at ∼700 ◦C for Li/CeMn and Na/CeMn is due to
he decomposition of alkali carbonates; this deduction was arrived

t on the basis of the thermal analyses of the corresponding metal
arbonates carried out under the same conditions as the present
O2-TPD experiment (data not shown). Addition of alkaline earth
pecies on CeMn caused the increase in the intensity of the des-
rption peak at ∼100 ◦C and expansion of the tail toward high
Fig. 2. XRD patterns of M/CeMn catalysts (M: alkali elements). (a) Li, (b) Na, (c) K,
(d) Cs, and (e) CeMn alone.

temperatures, indicating that the addition of alkaline earth com-
ponents increased the number of basic sites together with their
basicities. In addition, a large desorption peak appeared at ∼480 ◦C
Fig. 3. XRD patterns of M/CeMn catalysts (M: alkaline earth elements). (a) Mg, (b)
Ca, (c) Sr, (d) Ba, and (e) CeMn alone.
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ig. 4. CO2-TPD profiles of M/CeMn catalysts (M: alkali elements): CO2 was
dsorbed at 50 ◦C for 1 h. (a) Li, (b) Na, (c) K, (d) Cs, and (e) CeMn alone.

atalyst, the CO2 uptake having been determined by subtracting
he CO2 formation due to the decomposition of metal carbonate.
lthough CeMn showed only a small CO2 uptake, loading of alkali
nd alkaline earth species apparently increased CO2 uptake except
or Li; the maximum CO2 uptake was attained by the Ba-loaded
ample. NO conversion also increased by the addition of these
pecies, indicating that the NO decomposition activities of the cat-
lysts are correlated with their basic properties and numbers of

asic sites.

The effect of the amount of Ba on the basic properties of the
a/CeMn catalysts was investigated by the CO2-TPD technique.
ince the addition of Ba to CeMn increased the intensity of the peak
t ∼100 ◦C (Fig. 5d), the integral intensity of the ∼100 ◦C peak cor-
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ig. 5. CO2-TPD profiles of M/CeMn catalysts (M: alkaline earth elements): CO2 was
dsorbed at 50 ◦C for 1 h. (a) Mg, (b) Ca, (c) Sr, (d) Ba, and (e) CeMn alone.
Fig. 6. Correlation between NO conversion and CO2 uptake over Ce–Mn mixed oxide
modified with various metal species (alkali and alkaline earth species and noble
metals).

responding to CO2 uptake was plotted against Ba loading (Fig. 7).
Large CO2 uptakes were observed for the samples with Ba loadings
of 3–10 wt.%, and further increase in Ba loading gradually decreased
CO2 uptake, which seems to be due to decreased dispersion of the
Ba species in the catalysts. This argument is supported by the XRD
patterns of the 10 and 15 wt.% Ba/CeMn catalysts; peaks due to
BaMnO3−ı, and BaCO3, were detected besides the peaks due to CeO2
(data not shown). In Fig. 7, the NO decomposition activities are also
plotted. Both the CO2-uptake and the NO-conversion plots had an
essentially identical shape, indicating again that the NO decompo-
sition activity of the catalyst is correlated with its basic property.

Fig. 8 shows CO2-TPD profiles of the 5 wt.% Ba/CeMn catalyst
after CO2 was adsorbed at various temperatures. The CO2 des-
orption peaks shifted to higher temperatures and the intensity
decreased with increasing the CO2 adsorption temperature. It must
be noted that CO desorption peak was not significant; the desorp-
tion of CO should be observed when CO2 is dissociatively adsorbed
on the catalyst. Moreover, the FT-IR spectra of the catalyst after CO2
adsorption showed the peaks due to carbonate species, and essen-
tially identical spectra were obtained when CO2 was adsorbed at
higher temperatures, indicating that the nature of the basic sites

did not change at high temperatures.

Fig. 9 shows NO-TPD profiles of CeMn and 5 wt.% Ba/CeMn cata-
lysts. In this figure, desorption curves of N2 and O2 formed from NO
molecules adsorbed are also shown. For parent CeMn, NO desorp-
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based on catalyst surface area) and upon NO conversion (�) on the Ba/CeMn catalyst.



W.-J. Hong et al. / Catalysis Today 164 (2011) 489–494 493

100 200 300 400 500 600 700

CO

Temperature (ºC)

In
te

ns
ity

 (
a.

 u
.)

(a)

(b)

(c)

(d)

CO
2

F
(

t
a
o
s
s
N
r
s
O
t
r
o
t
a
t
B
p

0 50 100 150 200 250
0

20

40

60

80

100

0

1

2

3

3% CO
2

5wt%Cs

5wt%Sr

C
O

2 (
%

)

Time on stream (min)

N
O

 c
on

ve
rs

io
n 

to
 N

2 (
%

) 
(a

t 8
00

 º
C

)

5wt%Ba

Fig. 10. Effect of CO2 on NO conversion to N2 (closed symbols) over 5 wt.% Ba/CeMn
ig. 8. CO2-TPD profiles of the 5 wt.% Ba/CeMn catalyst after CO2 was adsorbed at:
a), 500 ◦C; (b), 200 ◦C; (c), 100 ◦C; and (d), 50 ◦C.

ion took place at two different temperature ranges; one at ∼250 ◦C
nd the other at ∼480 ◦C. In the latter temperature range, NO des-
rption was associated with the desorption of O2, indicating that
urface nitrate species decomposed in this temperature range. A
mall O2 desorption peak was also observed at ∼750 ◦C. However,
2 desorption peak was not observed over the entire temperature

ange, suggesting that all the nitrogen oxide species were con-
umed before the catalyst exhibited the NO decomposition activity.
n the other hand, for the Ba/CeMn catalyst, significant N2 forma-

ion albeit with low intensity was observed in the high temperature
ange, and the NO desorption peak associated with the O2 des-
rption shifted to higher temperature region (∼550 ◦C), indicating
hat the addition of Ba to CeMn produced considerably strong NO
dsorption sites on the surface. Therefore, one possible explana-
ion for the NO decomposition is that NO species adsorbed on the
a sites migrate to CeMn, where NO is decomposed by the redox

roperty of the Mn or Ce ions.

100 200 300 400 500 600 700 800

(a)

(b)

In
te

ns
ity

 (
a.

 u
.)

Temperature (ºC)

NO O
2

N
2

Fig. 9. NO-TPD profiles of: (a), 5 wt.% Ba/CeMn; and (b), CeMn alone.
(circle), 5 wt.% Sr/CeMn (square), and 5 wt.% Cs/CeMn (triangle) catalysts. Reaction
conditions: catalyst, 0.50 g; 3000 ppm NO in He; W/F = 1.0 g s ml−1; temperature,
800 ◦C; The CO2 contents in the effluent gas are shown by open symbols.

3.3. Influence of CO2 on the NO decomposition activities of alkali
and alkaline earth metal-loaded catalysts

CO2 is one of the major components in exhaust gases and
has negative effects for NO decomposition [32–34]. Tofan et al.
[32] reported that NO decomposition over three perovskite cat-
alysts, La0.87Sr0.13Mn0.2Ni0.8O3−ı, La0.66Sr0.34Ni0.3Co0.7O3−ı, and
La0.8Sr0.2Cu0.15Fe0.85O3−ı, was reversibly inhibited by CO2 at high
temperatures (600–650 ◦C), due to the competitive adsorption of
CO2 and NO on the same surface oxygen sites. Liu et al. [33] also
reported that CO2 inhibition for Ag/La0.6Ce0.4CoO3 catalyst was
quite large (NO conversion decreased from 65% to 45%), although
the inhibition was not permanent but reversible. Hence, we antici-
pated that co-feeding CO2 would have a large negative effect on the
activities of CeMn modified with alkali and alkaline earth compo-
nents, because these catalysts have considerable numbers of basic
sites. Fig. 10 shows the effect of CO2 on the NO conversion to N2
over Cs-, Sr-, and Ba-loaded CeMn catalysts. The reaction was car-
ried out at 800 ◦C. During the course of the reaction, 3% of CO2 was
introduced, and after some reaction period, CO2 feed was stopped.
Although Cs-, Sr-, and Ba-loaded CeMn catalysts exhibited stable
NO conversions (23%, 50%, and 67%, respectively) in the absence
of CO2 in the feed gas, they decreased to 17%, 31%, and 57% on an
introduction of 3% of CO2. However, the activities were promptly
recovered after the CO2 feed was stopped. Iwakuni et al. [34] car-
ried out a similar experiment for Ba0.8La0.2Mn0.8Mg0.2O3 catalyst
prepared by a conventional solid-state method: they reported that
N2 yield decreased from 70% to 30% on addition of 1% of CO2 to
the feed gas at 850 ◦C, and that, after cutting the CO2 feed, the
original NO conversion was recovered gradually over a period of a
few hours. They found that CO was desorbed from their catalyst at
700 ◦C in the CO2-TPD experiment, almost no CO2 desorption being
detected. They concluded that adsorption of CO2 on their catalyst
is quite strong and dissociative, producing CO and adsorbed oxy-
gen species on the surface. In the present work, however, the CO
desorption was not detected in the CO2-TPD profile for Ba/CeMn.
Furthermore, the CO2 desorption peak was observed at ∼100 ◦C
(Fig. 5), which is much lower than the desorption temperature of
NO (∼550 ◦C) (Fig. 9). This feature indicates that adsorption of CO2
on the Ba/CeMn catalyst is quite weaker than that of NO. Therefore,

the Ba/CeMn catalyst suffers from CO2 inhibition to a much lesser
extent.

Fig. 11 shows NO conversion as a function of CO2 concentration
over the 5 wt.% Ba/CeMn catalyst. The NO conversion monotonically
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ig. 11. NO conversion as a function of CO2 concentration over 5 wt.% Ba/CeMn
atalyst at 800 ◦C. The inset: N2 formation rate as a function of CO2 partial pressure
t 800 ◦C. Reaction conditions: catalyst, 0.50 g; 3000 ppm NO in He in the presence
f various concentrations of CO2; W/F = 1.0 g s ml−1.

ecreased with increasing CO2 concentration. However, even in the
resence of 5% CO2 in the feed gas, the catalyst preserved a rela-
ively high activity. The reaction order with respect to CO2 partial
ressure at 800 ◦C was −0.11 (Fig. 11, the inset). In a previous work,
e found that the reaction order with respect to O2 was −0.25 [22].

he decrease in the activity of 5 wt.% Ba/CeMn catalyst by the pres-
nce of O2 in the feed was more significant as compared with the
CO2 dependence of the activity shown in this paper. Furthermore,
omparison of this value with that of the Ba0.8La0.2Mn0.8Mg0.2O3
atalyst (−0.32) [34] suggests the high potential of the present
a/Ce–Mn catalyst for practical deNOx application.

. Conclusions

Direct decomposition of NO over a Ce–Mn mixed oxide modi-
ed with various metal species (alkali and alkaline earth species
nd noble metals) was examined, and it was found that the
e–Mn mixed oxide modified with alkali and alkaline earth species
xhibited high activities, although the parent Ce–Mn mixed oxide

xhibited quite a low activity. The highest activity was observed for
a/CeMn. The XRD analyses suggested high dispersion of alkaline
arth ions on the Ce–Mn mixed oxides. The CO2-TPD results indi-
ated that the NO decomposition activities of the catalysts were
orrelated with their basic properties. A high NO conversion of

[
[
[
[

ay 164 (2011) 489–494

67% was attained over 5 wt.% Ba/Ce–Mn at 800 ◦C in the absence
of CO2 in the feed gas, and even in the presence of 5% of CO2, 50%
of NO conversion was retained, suggesting the high potential of
the Ba/CeMn mixed oxide catalysts for practical application in NOx

emission control.
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