
Effects of Added CO2 and H2 on the Direct Decomposition

of NO over BaMnO3-Based Perovskite Oxide

Hideharu Iwakuni, Yusuke Shinmyou, Hiroaki Yano, Kazuya Goto,

Hiroshige Matsumoto, and Tatsumi Ishihara�

Department of Applied Chemistry, Faculty of Engineering, Kyushu University,

744 Motooka, Nishi-ku, Fukuoka 819-0395

Received January 24, 2008; E-mail: ishihara@cstf.kyushu-u.ac.jp

N2 yield on Ba0:8La0:2Mn0:8Mg0:2O3 decreased from 70% to 30% on the addition of 1% CO2, which is a much
larger negative effect than that seen with O2. The CO2 negative effects are not permanent and this may result from
the inhibition of NO adsorption. Co-feeding of H2 as a reductant is effective for increasing NO conversion. This suggests
that the catalyst surface was covered with strongly adsorbed nitrate or nitride species which formed by adsorption of NO
on oxygen formed by the decomposition of NO, and the removal of this surface species might be the most important step
for the NO decomposition reaction. Co-feeding of H2 is also effective for increasing the NO decomposition activity in
the presence of CO2. The reaction mechanism was studied by IR measurements which also revealed that the surface of
the catalyst was covered with strongly bound nitrate species (NO3

�). The addition of H2 to the reaction mixture is
effective for NO3

� removal and so accelerates the NO decomposition under coexistence of CO2.

At present, because of the increase in the number of diesel
engine cars, the amount of NO emissions in urban areas has
been increasing. Nitrogen oxides (NOx) are extremely toxic
to the human body and are also harmful to the environment
as a principal source of both acid rain and photochemical
smog. Several methods have been proposed for NOx remov-
al.1–19 Among them, the selective reduction of NOx with urea
is now considered the most promising method for the removal
of NOx in an oxygen-containing atmosphere such as an ex-
haust gas from diesel engines. However, if unreacted urea or
ammonia which forms from urea is released, there are also del-
eterious effects on environment. Direct decomposition of NO
into N2 and O2 (2NO ¼ N2 þ O2) is the most ideal reaction
to remove NOx because the process is quite simple.20,21 How-
ever, due to the strong adsorption of oxygen formed, NO de-
composition activity of the conventional catalyst decreases un-
der oxygen-containing atmosphere. Catalysts, such as Cu-
ZSM-5,22 Co-ZSM-5 (which contains Co in the framework23),
La2O3,

24 Ba/MgO,25 and LaCoO3
26,27 based perovskite ox-

ides, are reported to be active for the direct decomposition
of NO. In addition to these reports, the catalysts with perov-
skite or perovskite-related structure, i.e., La0:4Sr0:6Mn0:8-
Ni0:2O3

28 or La0:7Ce0:3SrNiO4
29 are reported to be active to

NO decomposition under oxygen-containing atmosphere.
However, up to now, no catalyst exhibits high NO decomposi-
tion activity under realistic conditions. From the viewpoint of a
practical application of this process, in some cases, increasing
the reaction temperature is beneficial because the negative ef-
fects of oxygen, water, and sulfur compounds are expected to
be reduced with increasing reaction temperature. Therefore, al-
though the reaction condition is not close to realistic condi-
tions, NO decomposition on perovskite oxide still has a possi-
bility for NO removal in particular at high temperature.

In our previous study, LaMnO3 perovskite oxide doped
with Ba for the La site and In for the Mn site, which mainly
consists of MnIII, has been investigated and it was found that
La0:7Ba0:3Mn0:8In0:2O3 perovskite oxide exhibited a high
activity for the direct decomposition of NO at temperatures
higher than 1073K.30 On the other hand, it was found that
Ba0:8La0:2Mn0:8Mg0:2O3, which mainly consists of MnIV

and MnIII from the phase diagram, is highly active for the di-
rect NO decomposition reaction.31 Although the composition
is similar, the catalysis of Ba0:8La0:2Mn0:8Mg0:2O3 is interest-
ing because the catalyst contains Mn4þ species, which is an
anomalous valence of Mn at temperatures higher than
773K and redox of Mn would be expected to occur easily.
Both catalysts show rather high activity under oxygen co-
feeding and comparing with that of La0:7Ba0:3Mn0:8In0:2O3

catalyst, N2 yield on Ba0:8La0:2Mn0:8Mg0:2O3 is slightly high-
er. On this catalyst, N2 and O2 formation is observed above
873K and yield of N2 and O2 are 75% and 60%, respectively
at 1123K. Comparing the activity for NO decomposition
of the conventional perovskite oxide, activity of this
Ba0:8La0:2Mn0:8Mg0:2O3 oxide is encouragingly high. The
reasonably high N2 yield on this catalyst is also sustained
in the presence of O2

31 (38% at 1123K, 5% O2, which is
slightly higher than those of the perovskite-related oxide of
La0:7Ce0:3SrNiO4 (32%)29 and our previously reported
La0:7Ba0:3Mn0:8In0:2O3 (15%),30 although the reaction condi-
tions are slightly different). In the present study, effects of
co-feeding CO2 and H2 on NO decomposition activity on this
Ba0:8La0:2Mn0:8Mg0:2O3 were investigated. In addition, the
mechanism of these co-feeding gases on NO decomposition
was studied with temperature-programmed desorption (TPD)
and IR absorption methods.
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Experimental

Doped BaMnO3 was prepared by a conventional solid-state re-
action method of which details are described in our previous re-
port.31 It is noted that the formation of the perovskite phase of
BaMnO3 was confirmed by XRD.31 BET surface area of the ob-
tained Ba0:8La0:2Mn0:8Mg0:2O3 catalyst is as small as 1.3m2 g�1.

The direct decomposition of NO was performed with a conven-
tional fixed-bed gas-flow reactor with a quartz glass tube (12-mm
diameter), which is the same as that of our previous study.31 Here,
it is noteworthy that the formation of NO2 is observed by the re-
action of NO and O2 formed in NO decomposition and so the
yield of N2 is always higher than that of O2. The activity of the
catalyst for NO decomposition is discussed mainly in terms of
the N2 yield in this study. No N2O formation is observed in this
study.

The effects of adding CO2 were measured in a range from 1–
5 vol% which is obtained by mixing He with the commercial
21 vol% O2 or 10% CO2 diluting in He gases. In order to keep
the total reactant flow rate of 20mLmin�1 constant, we changed
the feed rate of He as a balance gas. The effects of the addition
of H2 on the NO decomposition were also measured, using H2

diluted to 1000 ppm with He mixed with 1000 ppm NO diluted
with He.

For the NO and O2 temperature-programmed desorption (TPD),
after evacuation of the catalyst at 773K for 1 h, the catalyst was
exposed to 101.3 kPa NO or O2 for 30min at the same tempera-
ture, then cooled to room temperature. A CO2 TPD measurement
was also carried out by CO2 adsorption at 101 kPa, 773K for
30min prior to the NO adsorption treatment at 773K for 0.5 h.
In the H2 treatment case, the catalyst was exposed to H2 at
101 kPa at 773 or 573K after the O2 adsorption treatment at
773K for 0.5 h. In all cases, after having been cooled to room tem-
perature with 100Kmin�1 in gas flow of the final adsorption treat-
ment and evacuated at 323K for 30min, the catalyst was heated at
10Kmin�1, and the desorbed gas was monitored by a quadrupole
mass spectrometer (ANELVA, AQR-100R).

The adsorption state of the NO on the catalyst was measured
with FT-IR (JASCO type 610) using a diffusion reflectance mea-
surement set-up. Since the color of BaMnO3 catalyst studied is
black, we used a HgCdTe semiconductor (MCT) detector, which
is a sensitive IR detector and a diffuse reflectance system. About
100mg of the catalyst powder was placed in an in situ measure-
ment cell with KBr single-crystal windows. Before the measure-
ment, the catalyst was evacuated at 773K for more than 3 h,
and then the background spectrum was measured at room temper-
ature. After NO (ca. 10 kPa) was introduced, the catalyst was heat-
ed at 773K for 30min as the gas circulated.

Results and Discussion

Effect of CO2 and H2 on NO Decomposition over
Ba0:8La0:2Mn0:8Mg0:2O3. In order to investigate NO decom-
position activity in further detail, we studied the effects of CO2

coexistence on NO decomposition activity. CO2 is one of the
major components in exhaust gas and it is reported that CO2

shows negative effects similar to O2 existence.27 Tofan et al.
have reported32 that inhibition of NO decomposition by CO2

was quite significant over the three perovskite catalysts, i.e.,
La0:87Sr0:13Mn0:2Ni0:8O3��, La0:66Sr0:34Ni0:3Co0:7O3��, and
La0:8Sr0:2Cu0:15Fe0:85O3��. Liu et al. have also reported that
CO2 inhibition over a Ag/La0:6Ce0:4CoO3 catalyst is quite

large, although it is reversible.33 Hence, we anticipated that
co-feeding CO2 would have a large negative effect on the di-
rect NO decomposition on Ba0:8La0:2Mn0:8Mg0:2O3. Figure 1
shows the actual NO, N2, and O2 yields as a function of the
CO2 partial pressure at 1123K. The N2 yield decreased from
70% to 30% with the addition of 1% CO2, a much larger neg-
ative effect than that of O2. N2 yield decreased from 30 to 18%
in the PCO2

range from 1% to 5%. As a result, even for a 5%
CO2 partial pressure, a N2 yield of 20% was sustained.
Figure 2 shows that the N2 formation rate as a function of
CO2 partial pressure monotonically decreased with increasing
PCO2

, with a power PCO2
dependency estimated to be �0:32.

However, considering the high concentration of CO2 in ex-
haust gas, the negative effects of CO2 on NO decomposition
are rather serious.

Figure 3 shows the time dependence of the N2 and O2 yield
after introduction, then cutting a 5% CO2 co-feed for the reac-
tion over Ba0:8La0:2Mn0:8Mg0:2O3 at 1123K. The formation
rates of N2 and O2 decreased on co-feeding of CO2 (as dis-
cussed earlier); however, it gradually recovered to the original
formation rates a few hours after cutting the CO2 co-feed.
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Figure 1. N2 and O2 yield as a function of CO2 partial
pressure over Ba0:8La0:2Mn0:8Mg0:2O3 at 1123K (PNO ¼
1%, W=F ¼ 3:0 g s cm�3).
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Figure 2. N2 formation rate as a function of CO2 partial
pressure at 1223K (PNO ¼ 1%, W=F ¼ 3:0 g s cm�3).
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Therefore, it is obvious that the negative effects of CO2 are not
permanent and may result from the inhibition of NO adsorp-
tion by strong adsorption of CO2 rather than the decomposition
of the catalyst by the formation of carbonate. This is also con-
firmed by XRD measurements after reaction, namely, the per-
ovskite structure of the BaMnO3 is not changed after NO de-
composition measurements with CO2 added to the reactants.

In our previous study of the reaction mechanisms on the
LaMnO3-based perovskite oxide,30 it is suggested that the sur-
face of the catalyst is covered with nitrate species formed at
low temperatures and the removal of these nitrate species re-
quires a high temperature or a reductant. Therefore, the most
significant drawback of NO decomposition on a perovskite ox-
ide catalyst is the high reaction temperature needed to achieve
high NO decomposition activity. However, if strongly adsorb-
ed surface NOx species could be removed, then the NO decom-
position might proceed at intermediate temperatures around
773K. In our previous study, the N2 formation rate was dras-
tically improved by the addition of H2, producing a N2 yield as
high as 60% even at the low temperature of 773K. This could
be explained by the removal of the strongly adsorbed oxygen
or the surface nitrate species with H2, which is discussed fur-
ther later, based on the TPD and IR results. On the other hand,
negative effects of CO2 co-feeding are similar effects of O2 co-
existence and so, addition of a small amount of reductant
seems to be effective for improving N2 yield even under
CO2 co-feeding atmosphere.

Since it was found that the addition of H2 was effective for
increasing the NO decomposition activity in our previous
study,30 the effects of H2 in the presence of CO2 were investi-
gated in this study. Figure 4 shows the temperature depen-
dence of the N2 formation rate with the addition of H2 and
for an added mixture of H2 and CO2. In this experiment, we
used 0.1% NO by experimental reasoning, however, the effects
of NO partial pressure and H2 co-feeding are reported in our
previous study.31 NO decomposition hardly occurred at tem-

peratures lower than 673K and even at 1123K, N2 yield is
as small as 8% when CO2 was added at 5%. Although the
N2 yield under a CO2-containing atmosphere is smaller than
that without CO2, it can be seen that the N2 yield was much
improved by addition of H2 even when CO2 was present.
The N2 yield at 1123K with added H2 is almost the same
(ca. 70%) with, or without CO2. On the other hand, N2 yield
once decreased at 777K under NO–H2–CO2 conditions. As
will be discussed later, molecular adsorption of NO is domi-
nant at lower temperature but dissociative at higher tempera-
ture. We speculate that adsorbed NO is directly reacted with
H2 at lower temperature but at high temperature, added hydro-
gen mainly reacted with the formed surface oxygen because of
the high dissociation reaction rate of NO. Therefore, by chang-
ing the reaction step, NO decomposition is once decreased
around 777K. In any case, when reducing agents such as H2

are employed, the negative effects of CO2 seem to be mitigat-
ed. The real exhaust gas from internal combustion engines
contains small amounts of reducing agents like CO or un-
burned fuel which may act to reduce the negative effects of
CO2 contained in the exhaust gas. Of course, the addition of
H2 as a reducing agent is not realistic for practical applica-
tions, however, positive effects of co-feeding H2 suggests that
the negative effects of CO2 are produced by the strong adsorp-
tion of CO2 on the active site for NO decomposition and this
could be studied with further detailed adsorption measure-
ments.

Effects of H2 on NO and O2 Adsorption States. The ef-
fects of co-fed H2 on the adsorption state of oxygen were stud-
ied by temperature-programmed desorption (TPD) and IR
measurements. Figure 5 shows the O2 desorption profiles from
Ba0:8La0:2Mn0:8Mg0:2O3 after exposure to H2. On a catalyst
that had not been exposed to hydrogen, a large O2 desorption
was observed at 773K and a small shoulder exists between 973
and 1073K. According to a report by Spinicci et al. on oxygen
desorption from a Mn-based perovskite oxide, the oxygen de-
sorbed above 1073K could be assigned to the desorption of
lattice oxygen, and that occurring below 973K was assigned
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to adsorbed oxygen.34 Therefore, we assign the desorption ob-
served in Figure 5a to adsorbed oxygen. Figures 5b and 5c al-
so show O2-TPD data on Ba0:8La0:2Mn0:8Mg0:2O3 after expo-
sure to H2 at 573 and 773K. As expected, the amount of de-
sorbed oxygen drastically decreased; almost no oxygen de-
sorption was observed after exposure to H2 at 773K, but a
small amount of O2 desorption was observed after treatment
with H2 at 573K. This suggests that the strongly adsorbed
surface oxygen can be easily removed by exposure to H2 at
773K. This is also the temperature at which large positive
effects of H2 addition was observed on NO decomposition.
Therefore, it is reasonable to suggest that one reason for the
positive effects of co-feeding hydrogen may come from the
removal of strongly adsorbed surface oxygen or NOx species.

Figure 6 shows the IR spectra of adsorbed NO on
Ba0:8La0:2Mn0:8Mg0:2O3 after adsorption at 773K for 1 h. Af-
ter evacuation of the gaseous NO, the spectrum at 298K
showed several absorption peaks around 2380, 1750, 1400,
1330, 1220, 1100, 1050, and 800 cm�1. The peaks around
2380 cm�1 can be assigned to CO2 in the spectrometer beam
lines, since the measurement is performed in the single beam
mode. According to the reported values,35 the peaks around
1750, 1330, and 1220 cm�1 can be assigned to the bent type
NO adsorption (NO�), and the bridging and the monodentate
nitrate species (NO3

�), which could be either OO–NO� or
O–NOO� species, respectively. After evacuation at 473K,
the absorption peak around 1750 cm�1 decreased. In NO
TPD measurement, NO desorption occurs by NO, O2, and
N2 and no N2O or NO2 desorption was observed.31 In the
low-temperature range, desorption of molecular NO is domi-
nant. However, NO desorption cannot be observed at temper-
atures higher than 873K. In contrast, O2 and N2 desorption is
mainly observed at temperatures higher than 673K, the tem-
perature region in which the NO decomposition reaction starts
to proceed. On the other hand, a small amount of N2 desorp-
tion is observed at 473K, the temperature region in which
NO desorption occurs. However, no desorption of oxygen
was observed at this lower temperature. Therefore, it is consid-
ered that both molecular and dissociative NO adsorption oc-
curs on this catalyst and the weakly adsorbed molecular NO

desorbed at a relatively low temperature. However, some part
of the dissociatively adsorbed NO desorbed as N2 around
873K and the resulting oxygen remains on the surface as ni-
trate or nitrous species of NO3

� or NO2
�, respectively and

block the active site for NO decomposition. The formation
of NO3

� or NO2
� species is also observed on LaMnO3

oxide.30 Therefore, the absorption peak around 1750 cm�1

may correspond to the lower temperature NO desorption peak
in NO-TPD. The absorbance of the peaks around 1400 and
800 cm�1 decreased gradually with increasing evacuation
temperature. Therefore, NO desorption around 573K in the
NO-TPD could be assigned to desorption of these surface
NOx species.

On the other hand, the other peaks are rather strong and did
not disappear after evacuation at 773K. As discussed for the
NO-TPD results, O2 desorption followed by N2 desorption
was observed at temperatures higher than 773K. In particular,
one strong peak around 1330 cm�1, which could be assigned to
chelated nitrite (OO–N�), is almost unchanged after the 773K
evacuation. Therefore, surface chelated nitrite species is very
strongly adsorbed and is not easily removed. The desorption
temperature data suggest that the surface of BaMnO3 is cov-
ered with nitrate or nitrite (NO2

�) species, which forms on
the adsorption of NO on surface oxygen, at temperatures be-
low those needed for the NO decomposition reaction and the
removal of these species, namely recovery of the active site,
is important for the NO decomposition reaction to proceed.
In comparison with the other catalysts, such as LaMnO3

30 or
LaCoO3,

27 the desorption temperatures of O2 and N2, i.e. the
removal of surface adsorption species occurs at rather lower
temperatures on the Ba0:8La0:2Mn0:8Mg0:2O3 catalyst, resulting
in the high NO decomposition activity.

The surface adsorption species present under conditions
where the NO decomposition reaction takes place was further
studied by IR measurements taken at 973 and 1073K and the
results are shown in Figure 7. A number of absorption peaks
were observed, some of them are also present in the data in
Figure 7, while other new peaks are also apparent under reac-
tion condition. The absorption peaks around 1900 cm�1 can be
assigned to gaseous NO and several overlapped peaks between
1700–1600 cm�1 can be assigned to the bent type adsorbed
(NO�) species, and so, NO adsorption is oxidative. From the
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phase diagrams on BaMnO3 oxide, Mn is a mixed-valence
state of MnIII and MnIV 36 and so bent NO may form by oxida-
tion of MnIII. This is reasonably considered because the crystal
principally consists of MnIV, which is the formal valence num-
ber in this oxide. Strong absorption peaks and several weak
peaks around 1380 cm�1 and also several broad absorption
peaks around 1200 and 1000 cm�1 are also observed under
these NO decomposition conditions. According to the values
reported on a La2O3 catalyst,35 the peaks at 1380, 1200, and
700 cm�1 can be assigned to the bridging or monodentate ni-
trate (NO3

�) or nitrite (NO2
�) species, or dimers such as

N2O2
2� and N2O4

2�. Therefore, under working conditions,
the surface of the catalyst is covered with strongly adsorbed
NOx species and recovery of the active site is an important step
for NO decomposition. This expectation is in good agreement
with the first-order dependence of the rate on the NO partial
pressure. It is also anticipated that the formation of NOx spe-
cies would be accelerated by the coexistence of oxygen in
the gas feed. Therefore, the oxygen co-feed has a negative ef-
fect on NO decomposition. In addition, in Figure 7 absorption
peaks around 2320 cm�1 are present that increase in intensity
at the higher temperature. Although the absorption peaks of
N2O are close to that of CO2 in the beam lines and some part
is overlapped, these peaks could be assigned to adsorbed N2O.
Possibly N2O is the intermediate species in NO decomposi-
tion.

Figure 8 shows the NO-TPD curves obtained after exposure
to H2 gas at 323 and 573K for 30min. As shown in Figure 8a,
when the catalyst was exposed to H2 at 323K followed by
adsorption of NO at 773K, NO desorption was drastically
decreased in comparison to the situation of no H2 treatment
(Figure 5). In particular, the amount of desorbed NO at lower
temperatures radically decreased. In contrast, the amount of O2

desorption and that of N2 desorption at the higher temperatures
is less affected by H2 treatment at 323K. However, H2 treat-
ment at 573K, dramatically reduced the amount of O2 and
N2, as well as NO desorption. Therefore, H2 added to the re-
actants is quite effective for removing the surface NOx species
and recovering the active site for NO activation.

Figure 9 shows the effects of H2 treatments on the adsorp-

tion state of NO as determined by IR measurements. In this ex-
periment, after the NO was adsorbed, hydrogen at 10 kPa pres-
sure was introduced and the sample was heated under circulat-
ing H2 gas. In comparison with the simple evacuation treat-
ment, the decrease in the absorbance due to nitrate species
(NO3

�) at 1330 cm�1 occurred at a much lower temperature,
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and by 773K, this peak had almost disappeared. Therefore, it
is clear that the removal of surface NO3

� species is highly ac-
celerated by coexistence of H2 in the gas phase and the main
reason for the positive effects of added H2.

Effects of Added CO2 on the Adsorption State of NO.
Since large negative effects of CO2 co-feeding on the NO re-
action are observed, the adsorption state of CO2 on
Ba0:8La0:2Mn0:8Mg0:2O3 was also investigated (Figure 10). It
is very interesting that the only desorption observed in the case
of CO2-TPD is that of CO, almost no CO2 desorption being de-
tected. In addition, the CO desorption occurred above 673K
and the desorption rate peaked at 973K, which is a much high-
er temperature than that seen for NO or O2. Therefore, adsorp-
tion of CO2 on this catalyst is quite strong and dissociative,
producing CO and oxygen adsorption species on the surface.
The oxygen may also be strongly adsorbed on this catalyst
and may block the active site of Ba(La)Mn(Mg)O3 catalyst.
Since the strongly adsorbed CO and O occupy the active site
for NO decomposition, the NO decomposition activity is
strongly suppressed by added CO2. In order to confirm this
hypothesis, the effect of CO2 adsorption prior to NO-TPD
was measured.

Figure 11 shows NO-TPD profiles for NO adsorbed at
773K after exposure to CO2 at 773K for 30min. Compared
to the simple NO-TPD results (dashed line), it is obvious that
the amount of NO desorption around 473K drastically de-
creased after pretreatment with CO2. In addition, CO desorp-
tion is also observed at temperatures higher than 773K, similar
to the NO-TPD signal. Furthermore, there is no desorption of
N2 observed at high temperatures (>873K), as indicated by
the mass signal for m=e ¼ 14. These results suggest that
CO2 adsorption is stronger than that of NO, and the molecular
and/or dissociatively adsorbed NO seems to be strongly inhib-
ited by the presence of CO2. As discussed in our previous
study,31 the NO decomposition activity of this Ba(La)-
Mn(Mg)O3 obeys a NO partial pressure dependence of
PNO.

1,19 Therefore, blocking of NO adsorption sites by CO2

is the main reason for the negative effects of CO2 co-feed.
However, as was shown in Figure 4, addition of H2 is effective
for improving the NO decomposition activity. This could be
also explained by the removal of surface oxygen and CO.

Therefore, at present, it is reasonable to suppose that the strong
positive effects of co-feeding H2 on NO decomposition in the
presence of CO2 are the removal of surface oxygen and/or
CO.

CO2 and H2 Addition Effects on Reaction Steps. Con-
sidering the TPD and IR results, the following reaction steps
and co-feeding gas effects are considered. In the initial step,
NO adsorbs on the catalyst as bent NO, i.e. NO�. Here, an
electron may come from oxidation of Mn3þ, which is partially
formed by mixed-valence state of MnIII and MnIV or by elec-
tron transfer from oxide ion O2� in the lattice. In accordance
with the phase diagram, BaMnO3 consists of MnIV and MnIII

under the reaction conditions.36

NO(gas)þ e ! NOad
� ð1Þ

The second step seems to be a disproportionation reaction of
NO to form NOx surface species;

3NOad
� ! N2 þ (NO3

�)ad þ 2e or 2NOad
�

! 1/2N2 þ (NO2
�)ad þ 2e ð2Þ

The surface nitrate or nitrosyl species (NOx
� species) strongly

block the active site and the removal of these NOx species
from the surface by reduction is the crucial step in the
reaction. The existence of O2 or CO2 in the reactants, which
form surface oxygen and/or carbon monoxide in the case
of CO2, accelerates the formation of surface NOx

�, resulting
in a negative effect on NO decomposition. In contrast,
added H2 is effective for the removal of such NO3

� or NO2
�

to regenerate the active site and so the NO decomposition
reaction was much improved by co-feeding of reductant H2,
particularly, at intermediate temperature. The following step
is coupling of NOx

� surface species as shown in the
following step:

2(NO3
�)ad ! (N2O2)

2�
ad þ O2 or 2(NO3

�)ad

! (N2O4)
2�

ad þ 1/2O2 ð3Þ

The desorption of O2 occurs at a lower temperature than that of
N2 in NO-TPD profiles and this suggests the coupling of sur-
face NOx

� species to form O2. Oxygen desorption occurring
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Figure 10. CO2-TPD profile from Ba0:8La0:2Mn0:8Mg0:2O3

(CO2 adsorption: 773K for 30min).
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after CO2 pretreatment (CO2 pretreatment: 773K for
30min, NO adsorption: 773K for 30min).
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from 723K in NO-TPD suggests the coupling reaction occurs
at temperatures where the NO decomposition reaction starts.
The next step may be the formation of N2O species, as sug-
gested by the IR measurements.

(N2O2)ad
2� ! N2O

�
ad þ 1/2O2 þ e ð4Þ

Since N2O is easily decomposed on the catalyst to form N2 and
O2 at higher temperatures, the final step of N2O

� decomposi-
tion occurs quickly on this BaMnO3-based oxide.

N2O
�
ad ! N2 þ 1/2O2 þ e ð5Þ

A similar mechanism for NO decomposition has also been pro-
posed for La2O3, Sr/La2O3, and LaCo1�xCuxO3.

24,33,34 A re-
dox coupling of Mn between the oxidation states of +3 and
+4 is an important step in this mechanism as reported in a pre-
vious paper,29 the doped Mg seems to contribute by facilitating
the Mn redox reaction by formation of oxygen vacancy and
charge compensation.31 The presence of an oxygen vacancy,
which is reported to be the active site,27,37 will be formed by
doping Mg2þ with lower valence number than Mn and also,
by charge compensation, Mn4þ becomes more stable and so
removal of adsorbed oxygen or NOx species becomes easier
by improved redox cycle between Mn4þ and Mn3þ. Conse-
quently, doping lower valence cations has prospective effects
on the NO decomposition activity of BaMnO3. In particular,
ionic size of MnII (72 pm) is close to that of Mn3þ (64.5 pm)
and Mn4þ (54.0 pm)38 and so the most prospective effects
are exhibited by doping Mg2þ.

Conclusion

This study investigated the effects of CO2 on the NO
decomposition activity of the perovskite oxide, Ba0:8La0:2-
Mn0:8Mg0:2O3. The N2 yield decreased with added CO2 as
PCO2

�0:32. The N2 yield decreased from 70% to 30% on the
addition of 1% CO2, which is a much larger negative effect
than that of O2. The deleterious affect of CO2 is not permanent
and results from the inhibition of NO adsorption. By co-feed-
ing H2, the N2 yield was greatly improved at temperatures near
773K. This result suggests that the catalyst surface was cov-
ered by adsorbed oxygen or NOx species and that the removal
of surface oxygen or NOx species that was formed by adsorp-
tion of NO might be the most important step for the NO de-
composition reaction. Since the negative effects of CO2 may
arise from the strong adsorption of CO2 on the active site
for NO decomposition, CO2 negative effects can be reduced
by addition of H2 as a reducing agent. The NO decomposition
reaction seems to proceed through N2O as a reaction inter-
mediate. The surface of the catalyst was covered with bridging
and monodentate nitrate species (NO3

�) and the coupling re-
action of NO3

� seems to be the crucial step. Water is another
inhibiter of NO decomposition. However, it is reported that
the negative effects of water are not large in the case of
La0:7Ba0:3Mn0:8In0:2O3

30 because of high reaction temperature.
Therefore, it is expected that the negative effects of water are
also not large in this BaMnO3 catalyst. Effects of H2O addition
on NO decomposition are now under investigation. Although a
high reaction temperature is needed, the high N2 yield suggests
that the BaMnO3-based perovskite oxide has a great potential
as a NO removal catalyst.
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