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ABSTRACT: CeMnOx catalyst was synthesized by the combustion method, and the
supported Ti/CeMnOx catalyst was subsequently prepared by wetness impregnation.
Ti/CeMnOx catalyst exhibited higher N2 selectivity than CeMnOx catalyst in the
selective catalytic reduction of NO by NH3 (NH3-SCR), and the generation of side
products including in N2O and NO2 were discussed. N2 adsorption/desorption, X-ray
diffraction (XRD), X-ray photoelectron spectroscopy (XPS), H2 temperature-
programmed reduction (TPR), NH3 temperature-programmed desorption (TPD),
and in situ diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS)
were carried out to reveal the promotion effect of TiO2 on the N2 selectivity of
CeMnOx catalyst. Results indicated that loading TiO2 weakened the redox ability and
enhanced the NH3 adsorption ability of CeMnOx catalyst, and thus inhibited NO/
NH3 oxidation and facilitated the Eley−Rideal reaction pathways even at higher temperature.

1. INTRODUCTION

The selective catalytic reduction of NOx by NH3 technique is
the most widely used for NOx degradation (deNOx) in coal-
fired power stations.1 Commercial V2O5−WO3/TiO2 catalyst
works well in the range from 300 to 400 °C; thus the catalyst
needs to be installed in the upstream of the electrostatic
precipitator and desulfurization.2,3 However, the ash and SO2
in the flue gas result in channel block and catalyst poisoning. In
order to solve these problems, one way is installing the catalyst
in the downstream of the electrostatic precipitator and
desulfurization. In this installation mode condition, the
temperature of flue gas is usually below 200 °C without an
extra heating device, V2O5−WO3/TiO2 catalyst is no longer
satisfactory, and thus catalysts with good catalytic activity at
low temperature must be developed.
Manganese-based (Mn-based) catalysts are some of the

most potential catalysts applied in the low-temperature
selective catalytic reduction with ammonia (NH3-SCR)
reaction. It is reported that the catalysts consisting of
manganese oxide and other metal oxides can exhibit high
activity at low temperature. For example, CeMnOx and
TiMnOx are the most reported Mn-based metal oxide
catalysts,4−12 and others including CrMnOx,

2 WMnOx,
13

FeMnOx,
14,15 NiMnOx,

16 ZrMnOx,
17 NdMnOx,

18 etc. show
good catalytic activity in the low temperature range from 100
to 200 °C. The formation of a new phase, the variety of Mn
valence states, and the increase of surface acid sites and specific

surface area are considered as main reasons for improving the
low-temperature activity of Mn-based catalysts.2−18 Though
Mn-based catalysts have received increasing attention for
utilization in the low-temperature NH3-SCR reaction, some
problems including the poisoning effects by H2O and/or SO2,
the poisoning effect of alkali metal, and poor N2 selectivity
must be solved to satisfy requirements in actual working
conditions.8,19−22

According to the literature, it can be found that N2

selectivity is sensitive to reaction temperature over Mn-based
catalysts in the NH3-SCR reaction.3,5,13,15,18,23 Though NO
conversion over Mn-based catalysts is very high in the activity
window, more side products including N2O and/or NO2 form
when reaction temperature increases, which cannot meet the
stringent legislations and regulations for limiting NOx

emissions. In this report, CeMnOx catalysts were prepared
by combustion method, and the supported Ti/CeMnOx

catalyst was prepared by impregnation method. The obtained
catalysts were characterized by X-ray diffraction (XRD), X-ray
photoelectron spectroscopy (XPS), N2 adsorption/desorption,
H2 temperature-programmed reduction (H2-TPR), NH3

temperature-programmed desorption (NH3-TPD), and in
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situ diffuse reflectance infrared Fourier transform spectroscopy
(DRIFTS). We focus on studying the effect of supporting TiO2
on the N2 selectivity of CeMnOx catalysts.

2. EXPERIMENTAL SECTION

2.1. Sample Preparation. A series of CeMnOx catalysts
were prepared by combustion method. Cerium nitrate,
manganese nitrate, critic acid, and distilled water were added
into a round flask. After stirring for 1 h at room temperature,
the flask was heated by an oil bath at 110 °C, until the distilled
water was completely evaporated. Subsequently the oil bath
temperature rose to 180 °C and the mixtures were combusted
to obtain powder samples. The powder samples were calcined
at 500 °C for 4 h in flowing air. For simplicity, the optimized
sample (molar ratio Ce/Mn = 3/1) is denoted as CeMn. The
catalytic activities of CeMn catalysts with different Ce/Mn
ratios are given in Figure S1 in the Supporting Information.
The supported Ti/CeMnOx catalyst was prepared by

wetness impregnation. According to our previous study
about Ti/CeO2 supported catalyst, the molar ratio of Ti/(Ce
+ Mn) was decided to 0.15.24 The catalytic activities of Ti/
CeMn catalysts with different Ti/(Ce + Mn) ratios are also
given in Figure S2 in the Supporting Information. The
preparation of sample with 0.15 Ti/(Ce + Mn) ratio was as
follows: 0.5076 g of tetrabutyl titanate and 1.5 g of CeMn
sample were added into 10 mL of ethanol under stirring for 1
h. After that, 2 mL of water was added. The solvent was
evaporated at 80 °C, subsequently dried at 110 °C for 3 h, and
calcined at 500 °C for 4 h in flowing air. For simplicity, the
sample with 0.15 Ti/(Ce + Mn) ratio is denoted as Ti/CeMn.
2.2. Characterization. N2 physisorption isotherms were

measured at −196 °C on a Micrometrics ASAP-2020 analyzer.
The sample was degassed under vacuum at 300 °C for 4 h
before each measurement.
XRD patterns were obtained by a Philips X’pert Pro

diffractometer with Ni-filtered Cu Kα1 radiation (0.15408 nm).
The X-ray tube was operated at 40 kV and 40 mA.
XPS experiments were implemented on a PHI 5000

VersaProbe system with monochromatic Al Kα radiation
(1486.6 eV). The binding energy of C 1s at 284.6 eV was used
for calibrating the charging effect of samples.
H2-TPR measurements were conducted in a quartz U-tube

reactor connected to a thermal conductivity detector (TCD).
H2/Ar (7% H2 by volume) mixture was used as reaction gas
keeping the gas rate at 40 mL·min−1, and each sample usage
was 50 mg. First, the sample was pretreated in high-purity N2

at 200 °C for 1 h, and then reduced by H2/Ar mixture from
room temperature to 850 °C (heating rate was 10 °C·min−1).
NH3-TPD experiments were carried out in a fixed-bed

quartz reactor and the concentration of NH3 was continuously
analyzed by an online Nicolet IS10 IR spectrometer, and the
measure temperature in the gas pool was 150 °C. Each sample
usage was 200 mg. First, the sample was pretreated in high-
purity He at 450 °C for 1 h. Second, the sample was saturated
with NH3/He mixture (500 ppm NH3) at room temperature
for 2 h. Then the sample was pretreated again in high-purity
He at room temperature for 1 h to remove gaseous and weakly
physically adsorbed NH3. Finally, the sample was heated from
50 to 500 °C at a rate of 10 °C·min−1 in flowing high-purity
He (flow rate was 100 mL·min−1).
In situ DRIFTS spectra were collected on a Nicolet Nexus

5700 FTIR spectrometer equipped with a highly sensitive
MCT detector. Powder samples were pretreated in high-purity
N2 at 400 °C for 1 h prior to the collection of background
spectra and adsorption experiments.

2.3. Catalytic Activity Tests. The NH3-SCR catalytic
performance of sample catalysts was evaluated in a fixed-bed
quartz reactor under steady state, and the experimental device
schematic has been given in our previous work.25 The reaction
gases were composed of 500 ppm NO, 500 ppm NH3, and 5
vol % O2 with N2 as rest gas, and the total gas flow rate was
100 mL·min−1. Each sample (150 mg) was pretreated in N2 at
200 °C for 1 h before testing the catalytic performance. The
inlet and outlet concentrations of NO, NH3, NO2, and N2O
were continuously analyzed by an online Nicolet IS10 IR
spectrometer. NO conversion and N2 selectivity were
calculated using the following equations:

NO conversion (%) 100( NO NO )/NOin out in= [ ] − [ ]

N selectivity (%) 100( NO NO NH

NH NO 2 N O )

/( NO NO NH NH )

2 in out 3 in

3 out 2 out 2 out

in out 3 in 3 out

= [ ] − [ ] + [ ]

− [ ] − [ ] − [ ]

[ ] − [ ] + [ ] − [ ]

3. RESULTS AND DISCUSSION
3.1. Catalytic Activity Results. Catalytic performance

results of CeMn and Ti/CeMn samples in the range 50−250
°C are shown in Figure 1a. CeMn had little higher NO
conversion than Ti/CeMn below 100 °C, while when the
reaction temperature was above 100 °C, both samples
exhibited nearly 100% NO conversion. However, the N2

Figure 1. (a) Catalytic performance results of CeMn and Ti/CeMn samples. (b) Outlet concentrations of N2O and NO2 in NH3-SCR reaction
over CeMn and Ti/CeMn samples.
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selectivity of Ti/CeMn was much higher than that of CeMn in
the whole temperature range. Catalytic reaction tests show that
supporting TiO2 could improve the N2 selectivity of CeMn.
The contents of side products including N2O and/or NO2
were recorded and are shown in Figure 1b. It can be found that
only N2O formed below 175 °C, while N2O and NO2 formed
above 175 °C over both CeMn and Ti/CeMn, and the
contents of side products increased with the reaction
temperature rising. More importantly, CeMn produced more
N2O and NO2 than Ti/CeMn at the same reaction
temperature.
NH3 oxidation reaction was conducted. As shown in Figure

S3 in the Supporting Information, CeMn had higher NH3
conversion than Ti/CeMn, which indicates that TiO2
modification could inhibit NH3 oxidation. Figure 2a shows
the N2O outlet concentration in NH3 oxidation reaction. It is
worth noting that no NO or NO2 was detected in the whole
reaction temperature range. Yang et al.5 reported that only
N2O was produced when NH3 was introduced to MnOx−
CeO2 catalyst at 180 °C, and Jurng et al.26 also found similar
results over Mn/TiO2 catalyst when the temperature was
below 250 °C. When the reaction temperature was below 100
°C, more than 20% NH3 was oxidized without N2O product,
which indicates NH3 oxidation reaction was

4NH 3O 2N 6H O3 2 2 2+ = + (1)

N2O was produced when the temperature was above 100 °C,
which indicates that reaction 2 happened except for reaction 1:

2NH O N O 3H O3 2 2 2+ = + (2)

Figure 2a shows that the N2O concentration increased with the
reaction temperature rising over CeMn and Ti/CeMn, while
CeMn had a higher N2O concentration than Ti/CeMn. The
results of NH3 oxidation reaction illustrate that TiO2
modification could inhibit N2O formation in the NH3
oxidation process.
NO oxidation reaction was conducted, and the NO2 outlet

concentration is shown in Figure 2b. The NO2 concentration
increased with the reaction temperature increasing over CeMn
and Ti/CeMn, and the NO2 concentration was obviously
enhanced above 200 °C. Meanwhile, CeMn had a higher NO2
concentration than Ti/CeMn, which indicates that TiO2
modification could inhibit the NO oxidation reaction:

2NO O 2NO2 2+ = (3)

Combined with the above catalytic reaction results, for SCR
reaction over CeMn, when the temperature was below 175 °C,
N2 selectivity decreased at a relatively slow rate with the
increase of reaction temperature. The major reactions were the
so-called “standard SCR” (reaction 4) and “fast SCR” (reaction
5).27 Combined with the N2O concentration in Figures 1b and
2a, the N2O concentration in Figure 1b for NH3-SCR reaction
was higher than the N2O concentration in Figure 2a for NH3
oxidation reaction, and the difference value of the N2O
concentration in Figures 1b and 2a for the same catalysts was
larger and larger with the reaction temperature increasing. It
can be explained by the side reaction (6), which was sensitive
to temperature, and the generation of N2O via the side
reaction (6) was more and more at higher temperature.

Figure 2. (a) N2O outlet concentration in NH3 oxidation reaction. Rreaction conditions: 150 mg of catalyst, 500 ppm NH3 + 5% O2 with total gas
flow velocity of 100 mL·min−1. (b) NO2 outlet concentration in NO oxidation reaction. Reaction conditions: 150 mg of catalyst, 500 ppm NO +
5% O2 with total gas flow velocity of 100 mL·min−1.

Figure 3. XRD patterns (a) and N2 adsorption−desorption isotherm curves (b) of CeMn and Ti/CeMn samples.
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4NH 4NO O 4N 6H O3 2 2 2+ + = + (4)

2NH NO NO 2N 3H O3 2 2 2+ + = + (5)

4NH 4NO 3O 4N O 6H O3 2 2 2+ + = + (6)

When the reaction temperature was above 175 °C, N2
selectivity obviously dropped. On one hand, the side reactions
(2) and (6) happened and were sensitive to temperature. On
the other hand, Figure 2b has shown that the NO2
concentration drastically increased above 175 °C as the
existence of side reaction (3); although the generation of
NO2 was partly good for reaction 5, the side reaction (3) of
NO oxidation could produce excessive NO2 during the SCR
process, which could not be completely consumed by reaction
5.
For NH3-SCR reaction over Ti/CeMn, the concentrations

of N2O and NO2 were inhibited; thus Ti/CeMn exhibited
higher N2 selectivity than CeMn. We will further discuss the
effect of supporting TiO2 on improving the N2 selectivity of
CeMn.
3.2. XRD and N2 Adsorption/Desorption Results. As

shown in Figure 3a, all XRD peaks could be ascribed to the
cubic fluorite-type phase CeO2 (PDF-ICDD 34-0394) over
CeMn and Ti/CeMn, which suggests that TiO2 species might
be either dispersive or amorphous over Ti/CeMn. N2
adsorption−desorption isotherms (Figure 3b) and Barrett−
Joyner−Halenda (BJH) pore distribution curves (Figure S4 in
the Supporting Information) of CeMn and Ti/CeMn are also
displayed. It can be seen from Figure 3b that both samples
exhibited the IV-type isotherm with type H3 hysteresis loop as
defined by IUPAC, which indicates that their mesoporous
structure formed by the agglomeration of platelike par-
ticles.28,29 Textural data of these samples are listed in Table
1. CeMn and Ti/CeMn had similar specific surface areas of ca.

20 m2·g−1 and mean pore diameters of ca. 11 nm. Thus, XRD
and Brunauer−Emmett−Teller (BET) results indicate that
textural properties were not the main factors to influence the
catalytic performance of CeMn by supporting TiO2.

3.3. H2-TPR and NH3-TPD Results. Redox properties
were investigated by H2-TPR. As shown in Figure 4a, both
CeMn and Ti/CeMn samples had three reduction peaks, α, β,
and γ. According to the literature,30−32 the peaks α and β
should be mainly attributed to the consequential reductions of
MnO2 to Mn3O4 and Mn3O4 to MnO, respectively. In
addition, the reduction of surface Ce4+ was also likely to be
included in the peaks α and β. The peak γ was mainly resulted
from the reduction of bulk CeO2,

24 and loading TiO2 had a
slight effect on the peak temperature of γ. It is worth noting
that loading TiO2 could obviously influence the reduction
temperature of peaks α and β. The α and β peak temperature
of Ti/CeMn shifted ca. 60 °C to higher temperature compared
with CeMn, which indicates that loading TiO2 could weaken
the redox ability of CeMn. Previous catalytic reaction testing
results indicate that the side reactions (2) and (3) were
inhibited and the N2 selectivity of NH3-SCR reaction increased
over Ti/CeMn compared with CeMn. Thus, properly
weakening the redox ability of CeMn by supporting TiO2
could reduce the amount of side products and was beneficial to
enhancing N2 selectivity in NH3-SCR reaction.
NH3-TPD was conducted to investigate the surface acid

properties including the acid strength and amount. As shown
in Figure 4b, both CeMn and Ti/CeMn had a broad
desorption peak; the desorption peak temperature of Ti/
CeMn was higher than that of CeMn, and the total desorption
temperature of Ti/CeMn at ca. 430 °C was higher than that of
CeMn at ca. 330 °C, which indicates that loading TiO2 could
enhance the NH3 adsorptive strength on the surface of CeMn.
In addition, the acid amounts of CeMn and Ti/CeMn were
calculated by integrating NH3-TPD peaks and the results are
listed in Table 1. The acid amount of Ti/CeMn was higher
than that of CeMn, which indicates that supporting TiO2 could
also promote the surface acid amount of CeMn. Thus, for
CeMn, both surface acid strength and surface acid amount
could be improved by loading TiO2. It is possible that the
change of surface acid properties resulting from the surface
modification of TiO2 reduced the generation of N2O via the
side reactions (2) and (6), and improved N2 selectivity in
NH3-SCR reaction.

3.4. XPS Results. XPS experiments were conducted to
investigate the surface elemental valence state of catalysts. As
shown in Figure 5, for Ti 2p spectra, the binding energy of Ti
2p3/2 was 458.1 eV, which indicates that the valence state of Ti
was +4 on the surface of Ti/CeMn sample. In addition, as
shown in Table S1, the molar ratio of Ti measured by XPS was

Table 1. Textural Data and Surface Acid Content of CeMn
and Ti/CeMn

sample sp surf. area/m2·g−1 pore diam/nm acidity/mmol·g−1

CeMn 18.8 11.6 19.1
Ti/CeMn 22.7 10.9 25.3

Figure 4. H2-TPR (a) and NH3-TPD (b) results of CeMn and Ti/CeMn samples.
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higher than that measured by X-ray fluorescence (XRF), which
indicates that TiO2 was mainly dispersive state on the surface
of CeMn, which is accordance with XRD results. For O 1s
spectra, the bands O′ and O″ could be ascribed to surface
oxygen species and bulk oxygen species, respectively.4,33 For
Ce 3d spectra, both Ce3+ (the bands of u′ and v′) and Ce4+

(the bands of u, u″, u‴, v, v″, v‴) could be found over CeMn
and Ti/CeMn samples.4 In addition, Mn2+ (640.5−640.8 eV
for 2p3/2), Mn3+ (641.8−642.3 eV for 2p3/2), and Mn4+ (ca.
643.5 eV for 2p3/2) mainly existed over CeMn and Ti/CeMn
samples as shown in Mn 2p spectra.33,34 Table 2 shows that
CeMn had more surface oxygen species than Ti/CeMn, and it
is probably because supporting TiO2 could inhibit active
oxygen species on the surface of CeMn, which resulted in the
decrease of redox ability of Ti/CeMn as proved by H2-TPR
results. In addition, Table 2 shows that the ratios of Ce3+/
(Ce3+ + Ce4+) and Mn4+/∑Mnn+ of CeMn were nearly the
same as those of Ti/CeMn, which illustrates that supporting
TiO2 had no obvious influence on the surface valence state of
Ce and Mn elements.
3.5. In Situ DRIFTS Adsorption−Desorption Results.

NH3 adsorption−desorption DRIFTS experiments were
conducted to further investigate the influence of supporting
TiO2 on the surface acid properties of CeMn. As shown in
Figure 6, the bands in the range 3200−3400 cm−1 could be

assigned to N−H vibrations of adsorbed NH3.
10 For CeMn,

the bands at 1603, 1298, 1192, and 1124 cm−1 could be
ascribed to the adsorption of NH3 on Lewis acid sites, and
previous study found that the bands due to the adsorption of
NH3 on Lewis acid sites over pure CeO2 were at 1574, 1291,
1143, and 1061 cm−1; this is possibly due to the interaction
between CeO2 and MnOx.

35,36 In addition, the band at 1437
cm−1 could be attributed to the adsorption of NH3 on
Brønsted acid sites.10,15,37 For Ti/CeMn, there were only two
bands in 1000−1800 cm−1 at 1614 and 1189 cm−1 which could
be ascribed to NH3 on Lewis acid sites. According to our
previous report,38 the single band at ca. 1180 cm−1 was the
Lewis acid sites provided by TiO2; that is, NH3 adsorption and
activation mainly happened on the surface dispersed TiO2 over
Ti/CeMn. It can be seen from Figure 6 that the intensity of
bands decreased with the increase of temperature both over
CeMn and over Ti/CeMn. For CeMn, the bands totally
disappeared when the temperature was above 325 °C.
However, the bands still existed at 400 °C for Ti/CeMn.
Thus, the NH3 adsorption strength of CeMn could be
enhanced by supporting TiO2, which was in accord with the
results of NH3-TPD.
The NO adsorption feature was investigated by NO + O2

adsorption−desorption DRIFTS, and the results are shown in
Figure 7. The bands at 1608−1624 and 1230−1209 cm−1

could be ascribed to bridging nitrate, the bands at 1572−1547
and 1294−1263 cm−1 could be attributed to bidentate nitrate,
and the band at 1031−1015 cm−1 was the NO2 symmetric
vibrational band.18,39 For the same nitrate species, the
difference of adsorption peak location between CeMn and
Ti/CeMn was due to the surface modification of TiO2. All
adsorption species were nitrate species for CeMn. However,
except for nitrate species, nitrite species (the bands at 1500
and 1448 cm−1)11,39 could be found for Ti/CeMn when the
temperature was below 175 °C, which was possibly due to

Figure 5. XPS results of CeMn and Ti/CeMn samples.

Table 2. Surface Element Contents of CeMn and Ti/CeMn Measured by XPS

concentration/mol % atomic ratio/%

sample Ce Ti Mn O Ce3+/(Ce3+ + Ce4+) O′/(O′ + O″) Mn4+/∑Mnn+

CeMn 14.6 0.0 4.1 81.3 16.2 53.8 17.0
Ti/CeMn 10.5 7.1 4.5 77.9 16.6 42.7 16.4

Figure 6. NH3 adsorption−desorption DRIFTS of CeMn and Ti/
CeMn samples. The reaction conditions were 1000 ppm NH3 and N2
balance. Samples were preadsorbed to saturation by introduction of
NH3 for 1 h and purged with N2 for 15 min at 100 °C, and then the
corresponding spectra were collected in flowing N2 as a function of
temperature.
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weakening the redox property of Ti/CeMn by loading TiO2 as
evidenced by H2-TPR. Some studies also show that nitrite
species was a viable reaction route and might be beneficial for
the low-temperature NH3-SCR activity.27,40 In addition, both
CeMn and Ti/CeMn exhibited the nearly same desorption
behavior for absorbed nitrate species, indicating that
supporting TiO2 had less influence on the adsorption strength
of nitrate species.
To further investigate the influence of supporting TiO2 on

the reaction mechanism of CeMn, NH3 + NO + O2 in situ
DRIFTS reaction experiments were conducted. As shown in
Figure 8, for CeMn, when temperature was below 200 °C, the

bands at 1609, 1280, and 1189 cm−1 due to Lewis acids and at
1432 cm−1 due to Brønsted acid could be found, indicating
that mainly NH3 adsorption happened in the low temperature
reaction process. When the temperature was higher than 200
°C, nitrate species (the bands at 1524 and 1255 cm−1) existed
and the intensity enhanced with the increase of temperature,
while NH3 adsorption decreased and totally disappeared above
250 °C, indicating NO adsorption mainly happened in the
high temperature reaction process. It is well-known that NH3
adsorption and activation was an essential step in the NH3-
SCR process.10,13,40,41 According to in situ DRIFTS reaction

results, it can be inferred that NH3-SCR reaction happened via
the Eley−Rideal mechanism (the reaction between the
adsorbed NH3 species and the gaseous NO/O2) at low
temperature (below 200 °C) and mainly the Langmuir−
Hinshelwood mechanism (the reaction between the adsorbed
NH3 species and the adsorbed NOx species) at high
temperature (above 200 °C) over CeMn. For Ti/CeMn, in
situ DRIFTS reaction shows the NH3 adsorption on Lewis acid
sites (the bands at 1606, 1196−1176 cm−1) and on Brønsted
acid sites (the band at 1440 cm−1). Similar to CeMn, only NH3
adsorption could be detected when the temperature was below
200 °C and the adsorption intensity of NH3 decreased with the
temperature increasing over Ti/CeMn. Different from CeMn,
NH3 adsorption could still exist at 300 °C and only a weak
band at 1254 cm−1 due to nitrate species was found when
temperature was above 200 °C over Ti/CeMn. Thus, it can be
speculated that NH3-SCR reaction was dominated by the
Eley−Rideal mechanism in the range of 100−300 °C over Ti/
CeMn.

4. CONCLUSIONS
In this study, CeMn and Ti/CeMn catalysts were prepared and
their NH3-SCR performance was investigated. Catalytic
reaction results indicate that N2 selectivity was sensitive to
reaction temperature, N2O production was originated from the
side reactions (2) and (6), and NO2 production was related to
the side reaction (3). Combined with multicharacterizations,
the promotion effect of N2 selectivity of CeMn catalyst by
loading TiO2 could be explained, and the reasons were
summarized. On one hand, TiO2 modification could properly
weaken the redox ability of CeMn catalyst, which could inhibit
NH3 nonselective oxidation and NO oxidation reaction to
some extent. On the other hand, the adsorption ability of NH3
was enhanced by supporting TiO2, and NH3 was preferentially
adsorbed on Ti/CeMn in the competition adsorption between
NH3 and NO; thus NH3-SCR reaction over Ti/CeMn catalyst
was dominated by the Eley−Rideal mechanism even above 200
°C, and the generation of NO2 and N2O could be inhibited.
This work provides a simple strategy for improving the N2
selectivity of CeMnOx catalyst.
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Figure 7. NO + O2 adsorption−desorption DRIFTS of CeMn and
Ti/CeMn samples. The reaction conditions were 1000 ppm NO, 5%
O2, and N2 balance. Samples were preadsorbed to saturation by
introduction of NO + O2 for 1 h and purged with N2 for 15 min at
100 °C, and then the corresponding spectra were collected in flowing
N2 as a function of temperature.

Figure 8. NH3 + NO + O2 in situ DRIFTS of CeMn and Ti/CeMn
samples as a function of temperature. The reaction conditions were
500 ppm NO, 500 ppm NH3, 5% O2, and N2 balance. The samples
were preadsorbed in the flue of NO + NH3 + O2 for 1 h at 100 °C,
and the spectra were collected as a function of temperature.
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