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A large amount of CO as hazardous emission in the iron ore sintering process has caused severe harm to the environment and
human health. To control the emission of CO more effectively, the preparation of highly efficient catalysts has attracted much
attention. In this study, the La1-xSrxMnO3 (0≤ x< 1) perovskite catalysts with different Sr2+ contents were prepared by the one-
step flame synthesis method to treat CO pollutants in the iron and steel industry.*e influence of Sr2+ doping on the structure and
activity of catalytic were characterized and analyzed. La1-xSrxMnO3 perovskite catalysts exhibit good perovskite phases and loose
spherical structures.*e specific surface areas are between 4.1 and 12.0m2 g−1. Combined with the results of H2-TPR andO2-TPD,
the improvement of catalytic activity of La1-xSrxMnO3 perovskite can be attributed to the high concentration of active centers and
oxygen vacancies. Significantly, the La0.4Sr0.6MnO3 catalyst presented the best reducibility and high content of absorbed active
oxygen species, leading to a superior CO oxidation catalytic activity and reaches 50% CO conversion at 134.9°C and 90% at
163.2°C, respectively. *e effects of water vapor and CO2 on the oxidation activity of La1-xSrxMnO3 perovskite was investigated.
*e flame-produced catalysts exhibit favorable catalytic stability and antisintering ability, achieving 100% CO conversion after
fifth consecutive oxidation cycles.

1. Introduction

Carbon monoxide is a typical air pollutant, which is usually
produced by the incomplete combustion of carbon-con-
taining materials and hydrocarbons, such as coal, oil, and
natural gas [1]. For example, a large amount of CO will also
be produced in the start-up of motor vehicles, waste in-
cineration, and industrial production [2]. Generally, in the
iron ore sintering process, the CO concentration in the
sintering flue gas is between 0.5% and 2% [3]. Meanwhile,
the off-gas of industrial production usually contains rela-
tively harmless compounds such as water vapor and carbon
dioxide, which will cause some difficulties in removing CO
[4]. *us, it is necessary to explore a suitable method to
control the emission of CO.

Among various CO removal methods, catalytic oxida-
tion is considered to be the most effective way to eliminate
this poisonous compound from the off-gas [5]. Noble metal

catalysts (Ru, Pt, and Au) exhibit high catalytic activity and
have been widely researched in CO oxidation. However, they
are susceptible to sintering, expensive, and the activity de-
creases with the increased reaction time [6, 7]. Compared
with noble metal catalysts, the perovskite-type catalysts with
ABO3 structure have excellent catalytic activity, high ther-
mal stability, and good structural stability, regarded as a
promising candidate catalyst [8]. In addition, the partial
substitution of A/B sites can change the cation valence of
perovskite to affect the catalytic activity. According to
previous research reports, lanthanum-based perovskite,
such as La1−xSrxMnO3, has good catalytic activity and is
suitable for CO oxidation. Frozandeh-Mehr et al. [9] studied
the CO oxidation activity of La1-xSrxMnO3 (0≤ x< 0.4). Sr-
doping does not affect the single-phase perovskite-type
formation and can decrease the CO catalytic oxidation
temperature. Teng et al. [10] synthesized the perovskite of
La0.5Sr0.5MnO3 by hydrothermal and citrate routes for CO
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oxidation, in which the complete oxidation temperature of
COwas below 220°C. Peng et al. [11] prepared La1-xSrxMnO3
(0≤ x≤ 0.3) with metal foam (MF) as composite catalysts for
CO oxidation. *ey found Sr2+ doped could significantly
improve the catalyst activity. Hence, Sr-doped perovskite
was used for CO oxidation in this work.

Flame synthesis is a fast, economical, and one-step
thermal spraying technology. It has attracted much at-
tention due to its rapid preparation with a simplified
collection process. *e synthesis rate of nanoparticles can
reach 30–100 g/h [12]. In the flame synthesis process, the
combustible precursor solution with a certain concen-
tration of metal ions compounds was ignited by a high-
temperature flame and the products formed in a short
time. *en, the nanoparticles are filtered and collected
[13, 14]. Nanoparticles prepared by the flame synthesis
method have been widely used as functional ceramic
powders. Abe and Laine [15] prepared perovskite-type
nanoparticles La2TiO7 by the flame spray pyrolysis
method, and the catalysis had superior photocatalytic
activity. And it is very conducive to the preparation of
nanoparticle perovskite catalysts with specific morphol-
ogy and precise chemical composition. Kim et al. [16]
synthesized La0.2Sr0.8Co1-xFexO3-δ and Ba0.5Sr0.5Co1-
xFexO3-δ nanoparticles perovskites by the flame synthesis,
and the results showed that oxygen evolution activity was
improved. However, most of the currently reported high-
efficiency perovskite catalysts for CO oxidation are syn-
thesized in traditional ways, such as coprecipitation [17],
hydrothermal [18], and sol-gel synthesis [19]. And the
obtained perovskite catalysts need to be calcined at high
temperatures, leading to complex operations and low
productivity. *erefore, it is necessary to develop an al-
ternative method for the one-step synthesis of perovskite
catalysts for CO oxidation with desired physical and
chemical properties.

*is study synthesized a series of La1-xSrxMnO3
(0≤ x< 1) perovskites catalysts with different Sr2+ contents
by a one-step flame synthesis method for CO oxidation. *e
performance evaluation and physicochemical properties of
flame-produced nanoparticles were comprehensively ana-
lyzed. *e effects of Sr-doping on the properties of catalysts
were revealed.

2. Experimental Section

2.1. Perovskite Catalysts Preparation. La1-xSrxMnO3
(0≤ x< 1) perovskite catalysts were prepared by the flame
synthesis method, as shown in Figure 1. For starting, an
appropriate proportion of La (NO3)3·6H2O (Macklin,
>99.9%), Mn (NO3)3·4H2O (Macklin, >99.9%), and Sr
(NO3)2 (Macklin, >99.5%) were dissolved in the anhydrous
ethanol to obtain a total metal ion concentration of 0.2mol/
L. Meanwhile, the Sr2+/La3+ molar ratio was controlled as 0,
1/4, 2/3, 3/2, and 4, respectively. *en, the corresponding
solution was controlled by a Microflow syringe pump at a
constant flow rate of 1.2mL/min via a central nozzle of the
McKenna flame burner. Simultaneously, 0.75 L/min of at-
omized air was injected as dispersion gas to form a stable

precursor spray. *e atomized precursor was ignited by the
supporting flat flame of the burner (2 L/min, CH4+20 L/min,
air). *e precursor spray was heated, oxidized, and sintered
due to the energy released during the reaction. Finally, the
nanoparticles were collected on the glass fiber filters with the
help of negative pressure formed by the vacuum pump.

2.2. Catalyst Characterization. *e crystallinity and phase
purity of perovskite catalysts are measured by the X-ray
diffractometer (XRD). *e diffraction patterns were ana-
lyzed in a continuous scan mode with a range of 20°–80° and
0.02°per second sampling interval. *e morphology of the
synthesized powder was studied by field-emission scanning
electron microscopy (FE-SEM). And the bulk composition
of perovskite samples was determined by the energy-dis-
persive spectroscopy (EDS) plane scanning method. And the
semiquantitative chemical composition characterization was
measured with an atomic andmass percentage at three zones
for each sample. Nitrogen physisorption isotherms deter-
mined the textural properties of the catalysts at −196°C on
the Quantachrome AUTOSORB-1C analyzer. *e specific
surface area (SSA) of the catalyst was calculated by the
Brunauer–Emmett–Teller (BET) method. And H2 temper-
ature-programmed reduction (H2-TPR) was applied to the
samples on an automatic chemisorption machine (BelCata
II, Japan). A thermal conductivity detector (TCD) was used
to record the signal and calculate the total H2 consumption.
*e desorption temperature and intensity of different ox-
ygen species were studied by O2 temperature-programmed
desorption (O2-TPD). And the desorption amount of O2
during the TPD process was calculated.

2.3. Catalytic Activity. *e catalytic activity of perovskite
samples for CO oxidation was conducted in a quartz tube-
fixed bed reactor, and the reaction temperature was
controlled by a programmed electrical pipe furnace.
Figure 2 shows a schematic diagram of the CO catalytic
oxidation experiment, and the test conditions are given in
Table 1. Prior to the reaction, 1 g of the sample was packed
in the quartz tube reactor. *e reaction gas (1.0 vol% CO,
10.0 vol% O2, and balanced with Ar) was introduced with
regulation by the mass flow controllers, and the total flow
rate was 1.5 L/min. In the mixed gas test, 10.0 vol% CO2
and 5.0 vol% water vapor were injected into the reactor
with the same stream of CO/O2 balance Ar. *e heating
stage was performed from room temperature up to 300°C
at a rate of 6°C/min. *e CO concentration was contin-
uously measured by a flue gas analyzer (Testo 350). Five
consecutive catalytic oxidation experiments were carried
out to explore the long-term stability of the perovskite
catalysts. And the CO conversion was calculated after
steady-state by the following equation.

COConv% �
COin − COout( 

COin
× 100%, (1)

where COConv is the CO conversion efficiency, and COin and
COout represent the CO concentration of inlet and outlet.
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Figure 2: Fixed bed system for catalytic oxidation of CO with perovskite catalysts.
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Figure 1: Scheme of the flame synthesis system.
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3. Results and Discussion

3.1. Structural Characterization. Figure 3 shows the XRD
patterns of La1-xSrxMnO3 (0≤ x< 1) perovskite catalyst. As
shown in Figure 3(a), when x� 0, the characteristic peaks at
2θ angles are 19.3°, 32.3°, 40.1°, 47.1°, 53.4°, 57.6°, 67.6°, and
77.5°, and all diffraction peaks are well indexed to that of
LaMnO3 perovskite (PDF-ICDD 75–0440). However, ex-
cessive Sr2+ doping leads to the appearance of Mn2O3 and
La2O3 phases, which should be attributed to the lattice
distortion with Sr2+ doping during the synthesis process, and
the solubility of cations is limited [20]. *e intensity and
position of the main diffraction peak of five catalysts do not
change significantly and keep in the perovskite phase
structure, which is essential for the catalytic reaction [5]. As
shown in Figure 3(b), the patterns of the La0.8Sr0.2MnO3
sample have small splitting of the main peak at 32.5°, which
indicates the second crystal form of perovskites. And it may
be related to the synthesis method and preparation condi-
tions of perovskite [9]. Furthermore, it is observed that the
diffraction peaks for x� 0.2–0.8 are shifted toward a higher
angle orientation over those substituted catalysts in com-
parison with LaMnO3. *e partial substitution of La3+ by
Sr2+ will lead to Mn3+ (r� 0.58 Å) transfer into smaller Mn4+
(r� 0.53 Å), resulting in lattice shrinkage [21, 22]. And the
gradual shifts toward high-angle orientation could be in-
duced by the decrease in interplanar distance after strontium
substitution [23]. A similar phenomenon regarding the
diffraction angle shift was previously reported by Li et al.
[21]. And the specific surface area (SSA) of La1−xSrxMnO3 is
given in Table 2. It is obvious that Sr2+ substitution improved
the surface area to some extent, and the SSA of
La1−xSrxMnO3 is 4.1, 6.2, 8.4, 10.2, and 12.0m2 g−1, corre-
sponding to x� 0, 0.2, 0.4, 0.6, and 0.8, respectively. *e
maximum specific surface area is found on La0.2Sr0.8MnO3
(12.0m2 g−1). Moreover, the larger specific surface area is
considered an effective way to improve the catalytic activity.

Figure 4 shows the FE-SEM images of La1−xSrxMnO3
(0≤ x< 1). *e flame-produced perovskite nanoparticles
show loose and porous spherical structures with a diameter
of 300–500 nm. As seen from the images, the particle size

tends to decrease, and the porosity increases gradually,
consistent with the results of the specific surface area.
However, some small particles begin to appear on the surface
of the catalysts with the addition of Sr2+. Combined with
XRD results, it could be ascribed to the phase segregation
caused by excessive Sr2+ during the flame preparation
process [9]. *e EDS analysis is also performed, and the
distribution of different elements in the catalyst is further
studied. In the case of La0.4Sr0.6MnO3, as shown in Figure 5,
the La, Sr, Mn, and O atoms are homogeneously and finely
dispersed in the sample. And the atomic ratios of catalysts
are presented in Table 3.*e atomic ratio of La andMn were
similar for LaMnO3, 50.44% and 49.56%, respectively. *e
theoretical deviation (La + Sr)/Mn in the perovskite samples
prepared by the flame synthesis method is in good accor-
dance with the nominal ones.

H2 temperature-programmed reduction (H2-TPR) ex-
periments were used to characterize the reduction properties
and determine the reaction temperature of the samples.
Figure 6 shows that all the samples have similar reduction
peaks with two main reduction regions between 150°C and
850°C, which can be divided into a low-temperature region
(below 500°C) and a high-temperature region (above 500°C)
[22]. With regard to low-temperature regions, the TPR
signal begins to appear at 150–200°C, which is related to the
reduction of adsorbed oxygen species on the surface [24].
Based on the previous reports, even stoichiometric LaMnO3
perovskite would exhibit an Mn3+/Mn4+ mixed oxidation
state, balanced by excess oxygen in the lattice [5]. Hence, the
peak around 300°C can be attributed to removing the
nonstoichiometric excess oxygen contained in the perovskite
lattice. For Sr-substituted LaMnO3 catalysts, the reduction
peak at 450°C can be attributable to the reduction of Mn4+ to
Mn3+.*e reaction of the process can be written as equations
(2) and (3). Compared with pure LaMnO3 in Figure 6, the
peak signal of Sr2+-doped samples increase and move to low
temperature. It indicates that the substitution of Sr2+ fa-
cilitated the oxidation capacity of catalysts in the low-
temperature region, which is significant to improving the
catalyst’s activity in CO catalytic oxidation.

La1−xSrxMn1−x
3+Mnx

4+O3+δ + δH2⟶ La1−xSrxMn1−x
3+Mnx

4+O3 + δH2O (2)

La1−xSrxMn1−x
3+Mnx

4+O3 +
1
2
xH2⟶ La1−xSrxMn3+O3−x/2 +

1
2

xH2O (3)

Table 1: Experimental conditions for the catalyst performance test.

Test CO vol (%) O2 vol (%) Ar vol (%) CO2 vol% Water vapor vol%
Case 1 1 10 89 0 0
Case 2 1 10 74 10% 5%
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Another intense reduction peak at the high-temperature
region is observed, ascribed to the reduction of Mn3+ into
Mn2+. *e reaction of the process is written in the following
equation.

La1−xSrxMn3+O3−x/2 +
1
2
H2⟶

1
2

(1 − x)La2O3 + xSrO + MnO +
1
2
H2O

(4)

*e total H2 consumption of La1−xSrxMnO3 (0≤ x< 1)
catalysts is calculated by the quantitative analysis and il-
lustrated in Table 4. Noticeably, as the Sr2+ substitution
increases from 0 to 0.8, the total H2 consumption of
La1−xSrxMnO3 is 1.36mmol g−1, 1.97mmol g−1, 2.10mmol
g−1, 2.91mmol g−1, and 2.85mmol g−1, respectively.
La0.6Sr0.4MnO3 has the highest H2 consumption among all

the catalysts, in which the reduction activity is presumed to
be the best.

*e profiles of O2-TPD measurements are shown in
Figure 7. Compared with other samples, the O2 desorption
signal of LaMnO3 is relatively weak. *ere are three major
regions in the TPD profile that begin to appear with the
increase of Sr2+ doping content and are denoted as OI, OII,
and OIII.

*e OI region below 350°C is ascribed to the chem-
isorbed oxygen on the surface of the catalyst [23]. *is active
oxygen is essential for catalytic activity, which can directly
participate in the CO oxidation reaction due to the weak
adsorption relationship between chemisorbed oxygen and
the perovskite surface. In theOII region, there is a main peak
between 350°C and 550°C. *is signal is attributed to the
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Figure 3: XRD patterns of (a) La1−xSrxMnO3 (0≤ x< 1) and (b) the main peak (200) crystal plane (2θ� 31°–34°).

Table 2: Specific surface area of La1−xSrxMnO3 (0≤ x< 1) catalysts.

Catalysts SSAa (m2 g−1)
LaMnO3 4.1
La0.8Sr0.2MnO3 6.2
La0.6Sr0.4MnO3 8.4
La0.4Sr0.6MnO3 10.2
La0.2Sr0.8MnO3 12.0
aDetermined by N2 adsorption (BET method).
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removal of mobile interface oxygen, which can take part in
the catalytic oxidation reaction by migrating from the in-
terior of the lattice to the surface. Furthermore, it can be
found that the signal intensity of La0.4Sr0.6MnO3 and
La0.2Sr0.8MnO3 was strengthened in comparison with
LaMnO3. *e TCD signals in the OIII region with a tem-
perature above 550°C are mainly related to the bulk lattice
oxygen and could reflect the lattice oxygen mobility [25].
Normally, the desorption capacity is related to the properties
of B site metal ions in the perovskite structure [26]. At the
low temperature, the oxygen in OI region was removed, and

then, OII-oxygen was released with the increase of tem-
perature, leading to the reduction of Mn ions and the
generation of surface oxygen vacancies. After that, OIII-
oxygen diffuses from the bulk to the catalyst surface and
desorbs [27]. Moreover, the desorption signal of
La1−xSrxMnO3 (0≤ x< 1) increases gradually and tends to
move to the low-temperature region, suggesting that Sr2+
has a positive effect on the surface oxygen capacity and
oxygen mobility. According to the quantitative results of O2-
TPD in Table 4, it can be seen that Sr-doped perovskite
catalysts exhibited higher desorption amounts of oxygen in

Figure 4: SEM images of La1−xSrxMnO3 with x� 0 (a), 0.2 (b), 0.4 (c), 0.6 (d), and 0.8 (e).

Figure 5: EDS mapping images of La0.4Sr0.6MnO3 catalysts (a) La, (b) Sr, (c) Mn, and (d) O.

6 Journal of Chemistry



three regions than the LaMnO3 sample, indicating that they
have superior oxygen storage capacity and oxygen migration
capacity. Furthermore, the La0.2Sr0.8MnO3 sample presents
the highest total desorption amount (698 μmol g− 1),
beneficially due to the larger specific surface area and the
positive role of Sr dopant in oxygen mobility elevation [28].

3.2. Catalytic Activity of Perovskite. *e CO catalytic activity
of La1−xSrxMnO3 (0≤ x< 1) was evaluated, as shown in
Figure 8(a). All the catalysts presented good catalytic ac-
tivity, and the CO conversion presents an obvious S-shape

curve during the heating process, which can reach 90% at
170–210°C and then to 100% quickly. And the temperature
of full CO conversion is below 250°C. Moreover,
La0.4Sr0.6MnO3 exhibits the optimum CO catalytic activity
with the lowest T50 and T90 at 134.9°C and 163.2°C, re-
spectively. *e results show that the substitution of Sr2+ is
beneficial to the CO oxidation activity of perovskite catalyst.
And the improvement of La1−xSrxMnO3 perovskite catalysts
in CO catalytic oxidation can be attributed to the synergistic
effect between the larger specific surface area and the high
number of active sites of catalysts [11]. Furthermore,
combined with the results of H2-TPR and O2-TPD, the

Table 3: EDS results of La1−xSrxMnO3 (0≤ x< 1).

Catalysts Atomic ratio (%)
La Sr Mn (La + Sr)/Mn

LaMnO3
Nominal 50.00 0.00 50.00 1.00
SEM-EDS 50.44 0.00 49.56 1.02

La0.8Sr0.2MnO3
Nominal 40.00 10.00 50.00 1.00
SEM-EDS 41.91 8.53 49.57 1.02

La0.6Sr0.4MnO3
Nominal 30.00 20.00 50.00 1.00
SEM-EDS 31.12 18.79 50.10 0.99

La0.4Sr0.6MnO3
Nominal 20.00 30.00 50.00 1.00
SEM-EDS 20.05 31.75 48.19 1.07

La0.2Sr0.8MnO3
Nominal 10.00 40.00 50.00 1.00
SEM-EDS 10.67 39.35 49.98 1.00
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Figure 6: H2-TPR profiles of La1−xSrxMnO3 (0≤ x< 1).

Table 4: Quantitative results of H2-TPR and O2-TPD profiles.

Catalysts
H2 consumption (mmol g−1) O2 desorption (μmol g−1)

L. T. Ra H. T. Rb Total OI OII OIII

LaMnO3 0.38 0.98 1.36 43 52 117
La0.8Sr0.2MnO3 0.65 1.32 1.97 75 66 125
La0.6Sr0.4MnO3 1.12 0.98 2.10 94 78 159
La0.4Sr0.6MnO3 1.96 0.95 2.91 117 121 217
La0.2Sr0.8MnO3 1.86 0.99 2.85 125 177 396
aLow-temperature reduction region. bHigh-temperature reduction region.
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substitution of Sr2+ promoted the decrease of reduction
temperature and the improvement of oxygen migration
activity. However, the CO catalytic performance of
La0.2Sr0.8MnO3 is slightly weaker than that of
La0.4Sr0.6MnO3. It may be due to the phase segregation of
Mn2O3 and La2O3 with the excessive Sr2+ doping amount,
which occupies the effective area of active sites on the
catalyst surface. And the destruction of perovskite structure
will lead to degradation of CO catalytic performance.

In the off-gas of the iron ore sintering industry, water
vapor and carbon dioxide usually coexist with CO. *ey will
adsorb on the catalyst surface, resulting in the deactivation
of the catalyst. Herein, the effect of water vapor and carbon
dioxide on catalytic activity is investigated. Figure 8(b)
shows that the performance of five catalysts decreased
slightly in the range of 5%–15%, and the pure LaMnO3
achieves T90 at around 210°C. In comparison,
La0.4Sr0.6MnO3 has the highest catalytic activity, and T50
and T90 are 153.1°C and 181.5°C, respectively. Zhang et al.
[23] reported Ni partial substitution of LaMnO3 perovskite
under a wet condition and found that the degradation of
catalyst performance may be the competitive adsorption of
water vapor with O2. In addition, the O–OH species formed
on the surface adsorption competition will limit the access of
the reactant molecules to the sample surface, inhibiting the
adsorption of CO on the Mn4+ active site. In order to study
the intrinsic activity of La1-xSrxMnO3 catalyst, the ratio of
the CO oxidation rate to active oxygen density was measured
by isothermal reaction at 120°C. And the TOF value was
obtained, as given in Table 5. Compared with pure LaMnO3
catalyst, Sr-doped materials possessed a higher reaction rate,
which suggested that the introduction of Sr ions promotes
the adsorption of O2 and the mass transfer of reactants and
products on the perovskite surface [29, 30]. La0.4Sr0.6MnO3

shows the highest TOF value, which is 2.08×10−3 s−1.
However, when x� 0.8, the TOF value of La0.2Sr0.8MnO3
sample decreased, which means that the catalytic activity did
not further increase and is consistent with the experimental
results of CO catalytic oxidation.

*e consecutive oxidation experiments of La1−xSrxMnO3
were carried out to explore the stability of catalytic perfor-
mance. And the results are given in Tables 6 and 7. After five
times consecutive oxidations, all samples can achieve full CO
conversion, and the degradation was less than 15%. For
comparison, La0.4Sr0.6MnO3 shows superior catalytic activity,
which achieved 90% CO conversion at 176.9°C and 194.6°C,
respectively. And the decrease of catalytic activity may be due
to the consumption of surface chemisorbed oxygen and the
reduction of some active sites by CO in the reaction [31]. *e
XRD patterns of the catalyst after the consecutive oxidation
test are shown in Figure 9. Compared with the XRD char-
acterization before and after the reaction, the intensity and
position of diffraction peaks do not change significantly after
the cyclic test, which demonstrated that the perovskite
structure of samples is retained during the consecutive oxi-
dation test. On the other side, the rapid sintering of precursor
sprays in high-temperature flame (>1000°C) increased the
dispersion and sintering resistance of Mn active components
in perovskite catalysts [32]. Ding et al. [28] also reported the
preparation of metal oxide-supported single-atom Pt catalysts
with high thermal stability by flame spray pyrolysis. Com-
pared with the conventional impregnation method, the flame
spray pyrolysis is more conducive to forming the tetragonal-
monoclinic phase of ZrO2, thus improving the sintering re-
sistance at high temperature. Hence, the above results indicate
that the flame synthesis method is suitable for preparing
perovskite catalysts with superior long-term stability and high
CO catalytic activity.
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Figure 7: O2-TPD profiles of La1−xSrxMnO3 (0≤ x< 1).
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Figure 8: Catalytic performance for CO oxidation of La1−xSrxMnO3 (0≤ x< 1) under two conditions. (a) Case 1 of 1.0 vol% CO, 10.0 vol%
O2, and Ar balance. (b) Case 2 of adding 5.0 vol% water vapor and 10.0 vol% CO2.

Table 5: Reaction performance of La1-xSrxMnO3 catalysts.

Catalysts Reaction rate (μmol g−1 s−1) TOF (10−3 s−1)
LaMnO3 0.075 1.74
La0.8Sr0.2MnO3 0.134 1.79
La0.6Sr0.4MnO3 0.173 1.84
La0.4Sr0.6MnO3 0.243 2.08
La0.2Sr0.8MnO3 0.236 1.89

Table 6: Temperature values of 50% and 90% conversion in CO catalytic oxidation.

Case1 catalytic cycles
LaMnO3 La0.8Sr0.2MnO3 La0.6Sr0.4MnO3 La0.4Sr0.6MnO3 La0.2Sr0.8MnO3

T50 T90 T50 T90 T50 T90 T50 T90 T50 T90
1st 170.6 201.8 161.5 185.2 153.3 182.1 134.9 163.2 140.4 173.6
2nd 178.7 205.5 161.6 189.6 159.4 186.2 135.3 165.8 147.7 173.9
3rd 178.3 208.1 162.8 194.4 162.7 191.7 137.9 169.2 151.2 174.3
4th 174.6 207.8 162.1 190.9 158.1 187.6 138.4 164.7 151.4 177.6
5th 178.1 210.2 163.6 195.3 161.3 189.1 143.6 176.9 151.1 179.5

Table 7: Temperature values of 50% and 90% conversion in CO catalytic oxidation of mixture atmosphere.

Case2 catalytic cycles
LaMnO3 La0.8Sr0.2MnO3 La0.6Sr0.4MnO3 La0.4Sr0.6MnO3 La0.2Sr0.8MnO3

T50 T90 T50 T90 T50 T90 T50 T90 T50 T90
1st 181.8 209.2 167.1 197.2 167.7 196.6 153.1 181.5 154.3 188.7
2nd 175.9 212.1 172.8 203 164.7 196.7 152.8 182.9 158.3 192.4
3rd 181.3 220.3 171.5 203.8 174.2 206.9 154.6 188.4 157.1 193.8
4th 174.2 214.8 168.9 201.4 169.9 203.9 154.9 185.6 156.1 194.3
5th 185.2 223.8 170.5 201.6 173.5 206.6 164.2 194.6 162.3 199.6
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4. Conclusion

In summary, La1−xSrxMnO3 (x� 0, 0.2, 0.4, 0.6, 0.8) pe-
rovskite catalyst was successfully prepared by the one-step
flame synthesis method for CO catalytic oxidation. *e
unique synthesis route conducts a fast and efficient pro-
duction, leading to good perovskite phases and loose
spherical structures. *e specific surface area increases from
4.1 to 12.0m2 g−1 with Sr2+ doping. According to the H2-
TPR and O2-TPD test results, the Sr2+ partial substitution
promotes the number of active sites and oxygen vacancies,
improving the redox activity. *e catalyst has the best
catalytic activity when x� 0.6 and achieves 90% CO con-
version at 163.2°C. In the continuous catalytic oxidation test,
La0.4Sr0.6MnO3 can achieve 90% CO catalytic conversion at
176.9°C in the fifth cycle with adequate catalytic stability.
Additionally, the effect of water vapor and carbon dioxide on
catalytic activity was investigated. *e results illustrated that
La0.4Sr0.6MnO3 has the highest catalytic activity in the
mixture atmosphere and reaches 50% and 90% CO con-
version at 153.1°C and 181.5°C. Moreover, in consecutive
oxidation experiments, the rapid sintering of precursor
sprays in high-temperature flame enhances the dispersion
and sintering resistance of Mn active components, thus
exhibiting good antisintering properties and superior CO
catalytic oxidation performance. *e decrease in catalytic
activity may be due to the chemisorbed oxygen consumption
and the reduction of active sites on the catalyst surface. In
conclusion, the flame synthesis is an efficient and convenient
method for preparing perovskite catalysts with high CO
oxidation activity.
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