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The spray decompositionmethodwith lanthanumnitrate, manganese nitrate, silver nitrate and citric acid was used to synthesize
Ag- and Mn-incorporated perovskites. The resulting samples were characterized by X-ray diffraction, BET adsorption measure-
ment, X-ray photoelectron spectroscopy, and temperature-programmed oxygen desorption (O2-TPD) measurement. The obtained
composite Ag/MnOx/perovskites catalysts exhibit higher activity by a few orders of magnitude at 338 K than that of LaMnO3.
From the O2-TPD measurement, the high activity of the Ag/MnOx/perovskites may result from the increase of weak oxygen
adsorption below 373K.
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1. Introduction

The catalytic oxidation of CO is an important reaction
for the treatment of factory effluent gas and automobile
exhaust. Most of the catalysts for oxidation of CO are
expensive noblemetals. Therefore, relatively cheap tran-
sition metals compounds such as metal oxides, spinels,
perovskites and alloys have been developed as the poten-
tial catalysts for catalytic combustion.

Novel synthesis of perovskites has been an ongoing
research interest since Meadowcroft [1] reported the use
of strontium doped LaCoO3 as a low cost oxygen elec-
trode material comparable to Pt [2^8]. Oxidation of CO
over perovskites has been widely studied as a probe reac-
tion for surface characterization. It has been reported
that CO oxidation over perovskites occurs mainly in the
temperature range of 373^523 K [9^11]. Substitution of
A- and/or B-site cation with foreign metal in ABO3 per-
ovskites can modify catalytic properties significantly
[12^14].

The mixed metal oxide composite consisting of Ag
and Mn has also been known to have a high activity for
oxidation of CO [15]. The spill-over of the atomically
adsorbed oxygen from Mn to Ag was suggested to
increase the oxidation activity. However, the rate of CO
oxidation decreased with increasing temperature above
673Kdue to the agglomeration ofAg.

In this study, the composite catalysts compromising
of perovskites, Ag and Mn have been prepared by using
the spray decomposition method to increase the thermal
stability with higher catalytic oxidation activity of CO at
lower temperatures.

2. Experimental

2.1.Catalysts preparation

Ag/MnOx/perovskites were synthesized by using the
spray decomposition method. The metal nitrate salts
(AgNO3, La(NO3)3, Mn(NO3)2) and an equivalent
amount of citric acid were dissolved in doubly distilled
water. The obtained solutionwas sprayed into the quartz
tubular reactor (850mm i.d.�1200mm length) at 823K.
The concentration and flow rate of the solution were 0.1
M and 5 ml/min, respectively. Drying and decomposi-
tion occurred simultaneously in the reactor. The
obtained powder was pelletized and calcined subse-
quently in a furnace at 973K for 4 h.

2.2.Catalyst characterization

X-ray powder diffraction (XRD) data were obtained
with a Rigaku RTP 300RC instrument using Cu K�
radiation. The surface area of powders was measured by
the nitrogen adsorption at 77 K in the BET method
(Micromeritics ASAP2000). The oxygen desorption in
the samples was determined by the temperature-pro-
grammed desorption method by using an on-line quad-
rupole mass spectrometer (Vacuum Generator, model
560). The sample was heated up to 773 K under vacuum
and cooled down to room temperature. The sample was
exposed to oxygen at 1.0 atm and 273 K for 30 min in a
sampling bottle. The reversibly adsorbed oxygen on per-
ovskite was evacuated by vacuum at 273 K. In the O2-
TPD experiment, the ramping rate was 10 K minÿ1. The
binding energy of Mn 2p3=2 was estimated by using the
XPS (Leybold LHS-10) with respect to the binding
energy of C 1s, 284.5 eV as a standard.
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2.3.Catalytic activitymeasurement

The known amount of catalyst, 1 cm3 (about 0.8 g),
was charged in a quartz tubular reactor (15 mm i.d.).
The feed gas (mixture of 1% CO/air) was introduced
from the top of the reactor through a packed bed of cat-
alyst pellets (20^40 mesh) at a gas hourly space velocity
(GHSV) of 30,000 hÿ1. The effluent gas was analyzed by
gas chromatography (HP5890, Hewlett Packard)
equipped with TCD using Carboxen 1000 column (60/
80mesh, 1=800 � 1500).

3. Results and discussion

The XRD patterns of Ag/MnOx/perovskites pre-
pared by the spray decomposition method are shown in
figure 1. The X-ray diffraction pattern of LaMnO3
exhibits the perovskite structure without other separate
metal oxides according to theASTMcards, as found pre-

viously [16]. With the increase of Ag loading in the
sprayed solution, the peaks of X-ray diffraction corre-
sponding to Ag-metal appear that may suggest the par-
tial Ag-substitution into the perovskite structure.

The perovskites synthesized from the spray decompo-
sition method have higher surface areas compared to
those obtained from the coprecipitation method as
shown in table 1. Also, the change of surface area as a
function of calcination temperature is shown in figure 2.
As can be seen, the perovskites from the spray decompo-
sition method attain high surface area up to 1073 K. The
surface area of perovskites synthesized from spray
decomposition decreases with increasing calcination
temperature above 1173 K as the perovskites synthe-
sized from the coprecipitationmethod.

The catalytic activity of Ag/MnOx/perovskites for
CO oxidation is much higher than that of LaMnO3 per-
ovskite without a variation of the apparent activation
energy, as can be seen in figure 3. Also, the reaction rate
over Ag/MnOx/perovskites for CO oxidation at 338 K
is given in table 1. As can be seen, the reaction rate over
the Ag/MnOx/perovskite (Ag/La � 3/7) is much
higher than that of the LaMnO3 perovskite.

The catalytic activities of the Ag/MnOx/perovskite
(Ag/La � 3/7) and LaMnO3 are shown in figure 4.
Complete CO oxidation over the Ag/MnOx/perovskite
(Ag/La � 3/7) can be attained below 373 K, whereas
the same level of conversion on LaMnO3 can be attained
at 523 K. The maximum reaction rate of CO oxidation
over Ag/MnOx/perovskites is obtained with the Ag/La
ratio of 3/7. The reaction rate decreases with a further
increase of Ag substitution for La in LaMnO3, as can be
seen in table 1.

From the XPS measurements of the oxidation state
of Mn perovskites, no significant variation of the bind-
ing energy of the Mn 2p3=2 level before and after the
incorporation of Ag is observed (table 1). This may
reflect there is no practical electronic interaction
betweenAg andMn in perovskites.

The temperature-programmed oxygen desorption
(O2-TPD) spectra of Ag/MnOx/perovskites (Ag/
La � 0 and 3/7) are shown in figure 5. No evolution of
lattice oxygen from LaMnO3 perovskite can be found in
the present study. Contrary to LaMnO3, the atomically

Figure 1. X-ray diffraction pattern of Ag/MnOx/perovskites; (-)
LaMnO3 perovskite and (/) Agmetal.

Table 1
TheBET surface area, the reaction rate at 338K and the binding energy ofMn 2p3=2 ofAg/MnOx/perovskites

Sample SBET rCO Mn 2p3=2
(m2 gÿ1) (�mol COmÿ2 sÿ1) (eV)

LaMnO3 12.2 (8.8) a 0.2 641.5
Ag/MnOx/perovskite (Ag/La � 1/9) 16.3 0.9 ^
Ag/MnOx/perovskite (Ag/La � 2/8) 16.5 9.5 b 641.4
Ag/MnOx/perovskite (Ag/La � 3/7) 18.3 (6.4) 19.1 b (19.4 c) 641.4
Ag/MnOx/perovskite (Ag/La � 4/6) 17.4 17.1 b ^

a The value in parentheses indicates the surface area of the sample obtained from the coprecipitationmethod.
b Estimated by extrapolating the reaction rate to 338K inArrhenius plots in figure 3.
c After thermal treatment in air for 50 h.
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adsorbed �-oxygen desorbs significantly from Ag/
MnOx/perovskite (Ag/La � 3/7) at the temperature
range of 400^653 K. Especially, the oxygen desorption
from Ag/MnOx/perovskite (Ag/La � 3/7) is unique
since the amount of weakly adsorbed oxygen below 400
K is much larger than that of �-oxygen. It has been
known that the rate of CO oxidation over perovskites
depends much on surface reaction between the chemi-

sorbed CO and O2 at the lower CO concentration ranges
[17]. Under the present experimental conditions, the rate
of adsorbed oxygen ([O�] or [O�O], � � adsorption site)
formation may affect the overall reaction rate. It may
claim that the presence of the weakly adsorbed oxygen
contributes remarkably to increase the CO oxidation
rate over the Ag/MnOx/perovskite (Ag/La � 3/7).
Therefore, Ag/MnOx/perovskite (Ag/La � 3/7) seems

Figure 2. Change of BET surface area of Ag/MnOx/perovskites as a
function of calcination temperature; (-) Ag/MnOx/perovskites from
the coprecipitation method, (/) LaMnO3 from the coprecipitation
method, (.) Ag/MnOx/perovskites from the spray decomposition

method and (0) LaMnO3 from the spray decompositionmethod.

Figure 3. Arrhenius plot for the CO oxidation over Ag/MnOx/perovs-
kites; (.) Ag/La � 0/10, (-) Ag/La � 1/9, (6) Ag/La � 2/8, (2)

Ag/La � 3/7 and (0) Ag/La � 4/6.

Figure 4. The conversion of CO oxidation over perovskites as a func-
tion of reaction temperature; (-) LaMnO3 and (0) Ag/MnOx/per-
ovskite (Ag/La � 3/7) under the reaction conditions; SV � 30,000 hÿ1

and 1%CO in air.

Figure 5. Temperature-programmed desorption spectrum of oxygen
(m=e � 32) from (a) LaMnO3 and (b) Ag/MnOx/perovskite (Ag/

La � 3/7). The ramping rate was 10Kminÿ1.

K.-S. Song et al. /Ag/MnOx/perovskites forCOoxidation 67



to have the suitable ensemble for oxygen adsorption at
lower temperatures.

After thermal treatment in air at 973 K for 50 h
(table 1), there is no resultant decrease of catalytic activ-
ity for Ag/MnOx/perovskite (Ag/La � 3/7), in agree-
ment with a previous report that the catalytic activity of
perovskite for CO oxidation did not change after ther-
mal treatment in air [18]. Itmay reflect that the rare earth
metals in perovskites provide thermal stability of transi-
tion metal oxides for the high temperature application.
The resulting Ag/MnOx/perovskite from the high tem-
perature calcination (973K) produces much higher ther-
mal stability than the simple binary metal oxide
composites [15]. This high thermal stability and the com-
parable reaction rate of CO oxidation at lower tempera-
tures can be great benefits for the effluent gas
treatment.

4. Conclusion

The Ag/MnOx/perovskites (Ag/La � 3/7) were
synthesized by using the spray decomposition method
with metal nitrates and citric acid. The obtained compo-
site Ag/MnOx/perovskites catalysts exhibit higher
activity by a few orders of magnitude at 338 K than that
of LaMnO3. This composite catalyst based on perovs-
kite appears to enhance lower temperature adsorption of
oxygen, thereby improving the catalytic activity of CO
oxidation.
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