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A series of iron-based catalysts supported on activated carbon (AC) and manganese-modified
Fe,04/AC catalysts with various Fe:Mn ratios were prepared for selective catalytic reduction (SCR)
of NO by ammonia at low temperature. It was found that the addition of a small amount of MnO,
into the Fe,O,/AC catalyst contributed to an improvement of the NO conversion. NO conversions
of approximately 100% were obtained for the 10FexMn/AC (x =1, 3, 5) catalysts at 180-240 °C.
The characterization results indicate that the addition of a certain amount of MnO, into the
10Fe/AC catalyst increased the dispersion of the amorphous state, increased the ratios of
Fe*/(Fe’ + Fe?*) and Mn*/Mn**, and improved the surface area and pore volume.
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Introduction

Nitrogen oxides (NO,) are an important part of
atmospheric pollution and are harmful to the environment
as well as to human health.! NO, can cause the formation
of photochemical smog, acid rain and ozone depletion.?
Several methods have been used to control NO, emissions,
such as selective catalytic reduction (SCR),>* the use of
some absorbents (i.e. Fe'-EDTA),>> plasma catalysis,®
and selective catalytic oxidation (SCO).” Particularly, the
SCR of NO, with NHj is currently the most effective and
commercialized way to realize the abatement of NO, from
power plants.®!° In coal-fired power plants, the SCR reactor
is installed upstream of the electrostatic precipitator and
flue-gas desulfurization scrubber, so the catalyst suffers
from deactivation due to dust accumulation and sulfur
chemical poisoning. To solve these problems, the SCR
reactor should be set downstream of the electrostatic
precipitator and flue gas desulfurization scrubber. However,
the temperature of flue gas is only approximately 200 °C.
For conventional SCR catalysts, such as the V,0,-WO,/TiO,
catalyst,'™!" the optimum operation temperature is usually
approximately 300 to 400 °C. One better method to solve
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this problem is to develop a suitable low-temperature SCR
catalyst.

In recent years, many studies have focused on
low-temperature SCR catalysts. Transition metal oxides
are often used as active components of catalysts, such as
MnO,,'*BVO,," Co,0,,"” CuO,,'* and FeO,."” It was reported
that the oxides of Mn and Fe have good redox properties and
oxygen storage capacities due to their changeable valences,
low cost and lack of toxicity, especially for outstanding
low-temperature SCR activity.'®!? Pefia et al.® revealed that
NO conversion on Mn/TiO, catalysts was approximately
100% at 140 °C, and the selectivity of N, was excellent at
120 °C. Zhu et al."” prepared a series of Fe-Mn/TiO, catalysts
with holmium (Ho) and found that Fe,;Ho,;Mn,,/TiO,
catalysts with a molar ratio of 1:10 (Ho:Ti) had the highest
low-temperature SCR activity among these catalysts, and
NO, conversion was 90% when temperatures were in the
range of 120 to 200 °C.

Catalyst carriers, such as TiO,,?! Al,0,,2*% active
carbon?* and modified activated carbon,>?’ are also very
important for SCR performance at low temperature due to
their high surface areas and thermal stabilities, which can
help the active substance become highly dispersed. Among
them, carbon materials have attracted much attention due
to their well-developed pore structure, high surface area
and low price. Active carbon (AC) is an ideal candidate for
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use as a support for catalysts in the low-temperature NH;-
SCR reaction. Li et al.® reported that the catalyst with a
Cr/sargassum-based activated carbon (SAC) mass ratio of
0.02:1 exhibited the best NO,-removing performance and
the NO, conversion is greater than 90% at 125-150 °C.
Yang et al.’ found that the addition of a small amount of
vanadium oxide into a Fe,O,/AC catalyst contributed to
the best activities for the low-temperature NH;-SCR of
NO. However, few studies have involved FeO,/AC over
Mn-modified catalysts for the low-temperature NH,-SCR
of NO. In this paper, a series of Fe,05/AC and Mn-modified
Fe,O,/AC catalysts were prepared by an impregnation
method to investigate the effect of different contents of
Mn and Fe on the low-temperature NH,;-SCR of NO. The
properties of the catalysts were characterized by isothermal
N, adsorption/desorption (Brunauer-Emmett-Teller (BET)),
X-ray fluorescence (XRF), X-ray diffraction (XRD),
X-ray photoelectron spectroscopy (XPS) and temperature
program reduction (H,-TPR).

Experimental
Catalyst preparation

Fe,0,/AC and Mn-modified Fe,O,/AC catalysts were
prepared by an impregnation method using AC as the carrier
and ferric nitrate (Fe(NO,);-9H,0) as the metal precursor.
First, AC was washed with deionized water and dried for
6hat 105 °C. Then, the AC was ground and sieved to obtain
particles of 40-100 mesh. The impregnation process to
obtain different masses of Fe-based catalysts was carried
out as follows. A certain amount of ferric nitrate was
dissolved into deionized water to form a solution. Then,
AC was added to the solution. After stirring for 3 h, the
mixtures were dried for 6 h at 105 °C and then calcined at
400 °C for 5 h.

Meanwhile, Mn-modified Fe,O,/AC catalysts were
prepared by the same method as described above. Briefly,
the pretreated AC was impregnated in solution, which
involved the required amount of iron nitrate and manganese
nitrate (Mn(NO,),-6H,0). The mixtures were stirred for 3 h
at 25 °C, then dried for 6 h at 105 °C and calcined at 400 °C
for 5 h in air. The catalysts are identified as 10FexMn/AC,
where x represents the molar ratio of Mn and Fe, and
10 indicates the mole percent of Fe and AC.

Catalyst characterization
The surface areas and pore characterizations of these

catalysts were determined by a Gold App V-Sorb 2800
analyzer (Gold App, China). Prior to BET measurement,
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all catalysts were dried for 6 h at 105 °C and then degassed
under vacuum at 180 °C for 12 h. The specific surface areas
were calculated by the BET equation.

XRF measurements were carried out on an ARL
Advant’ X Intellipower 3600 (Thermo Scientific Niton TM,
USA). The operating voltage and current were 60 kV and
60 mA, respectively. The spectrometer test environment
was vacuum.

XRD measurements were carried out with a Rigaku
Ultima IV powder diffractometer (Rigaku Ultima,
Japan) using Cu Ko radiation as a source to examine
the crystallinity and dispersity of the components on the
support. The scanning range (26) was 10-80°, and the
scanning rate was 0.02° s'. The operating voltage was
40 kV, and the applied current was 40 mA.

H,-TPR measurements were carried out on a TP5080
automatic adsorption instrument (Xianquan, Tianjin).
A calcined catalyst was placed into the reactor, dried at
300 °C for 1 h and cooled to 100 °C in a flow of Ar. Then,
a flow of 500 ppm H,/Ar replaced the Ar flow at a rate
of 30 mL min for 30 min to adsorb H,. Ar was purged
for 1 h, and after the baseline stabilized, the temperature
was controlled between 100 and 600 °C at a heating rate
of 10 °C min™'. The thermal conductivity detector (TCD)
signal was monitored online 10 times per second.

XPS analysis was conducted on an Escalab 250Xi X-ray
electron spectrometer (Thermo Scientific, USA) with an
Al Ko X-ray source. The binding energy (BE) of Fe2p and
Mn2p were calibrated using the C 1s peak (BE =284.6eV)
as a standard.

Active test of the catalyst

The measurement of catalytic activity was carried out
in a fixed-bed reactor, as shown in Figure 1. The simulated
flue gas components included 5 vol% O,, 500 ppm NO,
500 ppm NH; and N, as balance at 120-240 °C. They were
controlled by a mass flow rate controller. The simulated flue
gas was mixed in a mixer, then heated in a preheater by
the electric heating system. At last, it entered the reactor to
reaction. The total flow rate was kept at 100 mL min™', and
the space velocity was 6000 h''. The catalytic particle size
was 40-100 mesh. In each test, 300 mg catalyst was packed
in a quartz tube, which was positioned in the middle of
the fixed-bed reactor. The concentration of NO in the inlet
and outlet was analyzed by a ECOM-J2KN multi-function
flue gas analyzer (Germany). The conversion of NO was
calculated according to the following equation 1:

= N9 NOui 109,

NO on= — 1
conversion NO ( )

in
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where NO_,ersion Was the NO conversion, and NO,, and
NO,, were the concentrations of NO at the inlet and outlet
of the reactor, respectively.
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Figure 1. Schematic diagram of the experimental setup to carry out the
active test of the catalysts. (1) NO cylinder; (2) O, cylinder; (3) N, cylinder;
(4) NH; cylinder; (5) cut-off valve; (6) mass flowmeter; (7) mixing reactor;
(8) temperature controller; (9) gas preheater; (10) heating furnace; (11)
catalyzer; (12) flue gas analyzer.

Results and Discussion
Catalytic performance

SCR activity of Fe,O,/AC catalysts

The NH;-SCR of NO over AC with different Fe loadings
was carried out in a fixed-bed reaction system between 120
and 240 °C. The results are shown in Figure 2. Temperature
has a significant influence on the catalytic activity: the
activity of AC decreases as temperature increases. However,
the catalytic activity of AC with catalysts containing
different Fe loadings increases with an increase of the
reaction temperature, especially between 180 and 240 °C.
The molar ratio of Fe and AC also affected the catalytic
activity. The catalytic activity of all catalysts increases first
and then decreases as the molar ratio of Fe and AC increases.
The best catalytic activity is observed when the molar ratio
of Fe and AC is 0.10, corresponding to a maximum NO
conversion of 83.9% at 240 °C. However, when the molar
ratio of Fe and AC is 0.15, the Fe,O,/AC catalyst shows the
lowest NO conversion. These observations suggest that the
contents of the active component are of great importance
to the catalytic activity. The Fe,O,/AC catalyst with
Fe/AC = 0.1 shows a maximum conversion of 83.9% at
240 °C, which indicates that an optimal dispersion of Fe
species over the AC surface is obtained with this content
of Fe in the Fe,O,/AC catalyst. The poor activity of the
Fe,0,/AC catalyst with Fe/AC = 0.15 can be attributed to
the agglomeration of Fe species on the AC surface, leading
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to a lack of active catalytic sites. Therefore, the best molar
ratio of Fe and AC is 0.1, which is further studied in the
following experiments.
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Figure 2. Influence of different molar ratios of Fe and AC on NO
conversion in the SCR reaction at 120-240 °C for the Fe,O,/AC catalyst.

SCR activity of 10FexMn/AC catalysts

On the basis of the study mentioned above, the catalytic
activity of the Fe,O,/AC catalyst is best when the molar
ratio of Fe and AC is 0.10 (i.e., 10Fe/AC); thus, further
studies are carried out using this ratio. To enhance the
catalytic activity, Mn is introduced to the 10Fe/AC catalyst.

The NO conversion of the 10Fe/AC catalysts with
different Fe and Mn molar ratios at 120-240 °C are shown
in Figure 3. The NO conversion clearly increases with
increasing temperature. Compared with the 10Fe/AC
catalyst, the addition of Mn dramatically increases the
catalytic performance. This result is similar to that of
Liu et al.®® At 120 °C, the NO conversion reaches 70, 68, 62,
and 35% for the 10Fe1Mn/AC, 10Fe3Mn/AC, 10Fe5Mn/AC
and 10Fe7Mn/AC catalysts, respectively (the catalysts are
recorded as 10Fe1Mn/AC, 10Fe3Mn/AC, 10Fe5SMn/AC
and 10Fe7Mn/AC when the ratio of Fe to Mn reaches 10:1,
10:3, 10:5 and 10:7, respectively). When the temperature
increases from 180 to 240 °C, approximately 100% NO
conversion is achieved for the 10Fe 1Mn/AC, 10Fe3Mn/AC
and 10Fe5SMn/AC catalysts. The NO conversion of
the 10Fe7Mn/AC catalyst increases from 82 to 98% at
180-240 °C. These results may be caused by the aggregation
of MnO, particles on the AC surface, which can be
interpreted by the following BET analysis.

NH,/NO effect

As a reductant, NH; is an essential part of the SCR
catalytic reaction and is very important to the whole process
of NO, conversion. The change of NH,/NO is realized by
adjusting the gas flow of NH; using a mass flow meter. In
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Figure 3. Catalytic activity profiles of the 10FexMn/AC catalysts with
different Fe:Mn molar ratios.

this process, the O, and NO concentrations are constant,
and the total flow remains unchanged by adjusting the
flow of N,. The effect of the NH,/NO molar ratio on the
activity of the 10FelMn/AC catalyst at 240 °C is shown
in Figure 4. The NO conversion increased slowly and the
conversion is less than 70% when the NH,/NO molar ratio
increases from 0.2 to 0.6. However, it increases rapidly
when the ratio is in the range of 0.6 to 1.0, and the highest
conversion of NO (close to 100%) is achieved at a molar
ratio of NH,/NO = 1.0. Lower contents of NH; cause an
obvious decrease of the NO, conversion from the lack of
areductant. In contrast, higher contents of NH; may allow
NH, to escape and lead to pollution in the environment.
Therefore, the best NH,/NO ratio is 1.0 in this reaction.
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Figure 4. NO conversion of the 10FelMn/AC catalyst at different
NH4/NO ratios.

Oxygen concentration effect

The O, concentration is an important parameter that
significantly affects NO, conversion, so the effect of the
O, concentration on the conversion of NO, was studied.
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The change in O, concentration is achieved by adjusting
the flow of O, using a mass flowmeter. The concentrations
of NH, and NO are constant and the total flow keeps
constant by changing the flow of N,. The result is shown in
Figure 5. It is evident that the NO conversion increases as
the concentration of O, increases from 0 to 1.0% and then
remains constant beyond 1.0%. It can be concluded that a
concentration of 1.0% oxygen is suitable for the NH,-SCR
reaction for the 10Fe1Mn/AC catalyst.
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Figure 5. NO conversion of the 10FelMn catalyst at different oxygen
concentrations at 240 °C.

Catalyst characterization

XRF and XRD

To identify the compositions of activated carbon, the AC
which was calcined at 400 °C was analyzed by XRF, and
the result is shown in Table 1. It can be seen from Table 1
that the main oxides detected in the calcined activated
carbon are silica, alumina, calcium and potassium oxides.
In addition, there are relatively small amounts of iron,
manganese, copper oxides, as well as titanium oxides.

Figure 6 shows the X-ray diffraction patterns of
different catalysts. The AC catalyst contains a broad band
in the range of 20-30°, corresponding to the amorphous
carbon structure. In addition, the XRD diffraction peaks
corresponding to SiO, (at 20 = 26.6°, 36.26°, 50.16°,
60.01°, respectively, ICDD PDF-#46-1045) are also
present.”” The diffraction peaks of Fe and Mn species
are not observed. These results are in agreement with the
results of XRF (as shown in Table 1), which indicate that
Si0, is the major component. The characteristic diffraction
peaks of o-Fe,O; (ICDD PDF-#33-0664) and y-Fe,O,
(ICDD PDF-#39-1346) are present for the 10Fe/AC
catalyst and the 10Fe/AC catalysts with various Mn
contents. It can be seen from Figure 6 that the diffraction
peaks of o-Fe,0, and y-Fe,O, of 10Fe/AC catalyst have
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Table 1. Ash composition analysis of activated carbon (AC) by X-ray fluorescence (XRF)

Composition analysis / %

Sample
Si0, ALO, CaO ZnO

K,O MgO Fe,0, MnO Others*

AC 59.93 15.94 5.35 2.92

3.40 2.05 0.659 0.065 9.751

*Others: Na,0, La,0O;, SrO and so on.

high intensity and narrow band width, suggesting a poor
dispersion of iron oxide particles on the Fe-AC sample.
After the addition of Mn, the diffraction peaks of a-Fe,O,
weaken. The intensity of the diffraction peaks of y-Fe,O;
also decrease, and the shapes of the peaks become wider,
which indicates that they have better dispersion. Upon an
increase of the Fe:Mn molar ratio, the diffraction peaks of
a-Fe,0, and y-Fe, O, further weaken, and only a very weak
peak corresponding to Mn;O, appears (20 = 18.3°) when
the molar ratio of Fe to Mn increases from 10:3 to 10:7. No
diffraction peaks of MnO, appear for 10Fe1 Mn/AC sample.
These results may result from the monolayer dispersion
capacity on the surface of carrier. When its loading is lower
than the capacity, the oxide will be in a monolayer state,
but its loading exceeds the capacity, the surplus oxide will
remain as crystalline phase in the system together with its
monolayer phase.*® Increasing the molar ratio of Fe and Mn,
only a very weak peak corresponding to Mn,0, appears,
indicating a better dispersion of manganese oxide particles
on the Fe-Mn/AC samples. Fe and Mn species may exist
on the catalysts, which would enhance the dispersion and
inhibit the crystallization of both.3?

my-Fe,0, msi0o, B©aFe,0, oMnO,
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©

0 gmal

Intensity (a.u.)

10 20 30 40 50 60 70 80
2theta/(°)

Figure 6. X-ray diffraction patterns of 10Fe/AC and 10Fe/AC with
different Mn loadings: (a) AC; (b) 10Fe/AC; (c) 10FelMn/AC;
(d) 10Fe3Mn/AC; (e) 10Fe5SMn/AC; (f) 10Fe7Mn/AC.

N, physisorption

The BET surface areas and pore volumes of the
10Fe/AC catalyst and 10Fe/AC catalysts with different Mn
contents are summarized in Table 2. It can be observed from

Table 2 that the surface area (349.9 m? g!) and pore volume
(0.40 mL g ') of 10Fe1Mn/AC are larger than those of the
10Fe/AC catalyst (306.1 m? g and 0.39 mL g') owing to
the high dispersion of manganese and iron oxides over the
AC support. However, with an increase of the Fe:Mn molar
ratio (Fe:Mn = 10:3, 10:5, 10:7), the BET surface area and
pore volume of the catalysts decrease, which may result
from the blocking effect of the support pores by the loading
of manganese oxide. As shown in Figures 2 and 3, all the
Mn-modified Fe,0,/AC catalysts show higher activity than
10Fe/AC catalyst, in spite of their lower surface area and
pore volumes (apart from 10FelMn/AC catalyst). The
results indicate that the surface area and the pore volume
are not the determining factor to improve catalytic activity.
This is consistent with previous findings that the catalytic
activity of catalyst is more dependent on surface chemistry
than surface area.™

Table 2. Physical property of the catalysts

BET surface area / Pore volume /

Catalyst (m? g) (cm*e’)
10Fe/AC 306.1 0.39
10Fe1lMn/AC 349.9 0.40
10Fe3Mn/AC 300.3 0.38
10FeSMn/AC 229.9 0.39
10Fe7Mn/AC 176.5 0.36

BET: Brunauer-Emmett-Teller.

XPS analysis

To study the oxidation state of the iron and manganese
oxides of the different catalysts and to understand the
atomic concentrations and chemical compositions of
the surface layer, selected catalysts, such as 10Fe/AC,
10Fe1Mn/AC and 10Fe7Mn/AC, are investigated by XPS.
The results are given in Table 3 and Figures 7 and 8.

Figure 7 shows the XPS spectra of Fe2p assigned to
different catalysts. It can be seen from Figure 7a that two
main peaks, Fe2p,, (peak at 711 = 0.5 eV) and Fe2p,,
(peak at 725 + 0.5 eV), are obtained. There are satellite
peaks on the right side of the two peaks, which correspond
to Fe2p,, and Fe2p,,. Compared with the standard XPS
spectrum of Fe*, the peak at 711 + 0.5 eV corresponds
to Fe**; therefore, Fe** is the main valence state for the
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Table 3. Surface atomic concentrations of the catalysts

Surface atomic concentration / at.%

Catalyst
Fe Mn (6]
10Fe/AC 14.16 - 31.70
10Fe1Mn/AC 21.53 4.83 47.93
10Fe7Mn/AC 14.27 7.15 40.98
= —— 10Fe7Mn/AC
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Figure 7. XPS spectra of different catalysts: (a) Fe2p; (b) Fe2p of
10Fe7Mn/AC catalyst.

10Fe/AC and 10Fe 1 Mn/AC catalysts. However, the Fe2p;,
peak of the 10Fe7Mn/AC catalyst is wide and asymmetric
and does not have satellite peaks. To further analyze the
composition of the Fe species and the valence states on
the 10Fe7Mn/AC catalyst surface, the Fe2p,, spectra is
separated into two peaks by performing a peak-fitting
technique, and the results are shown in Figure 7b. It can
be seen from Figure 7b that the aforementioned peaks
can be attributed to Fe* (709.8 eV) and Fe** (711.9 eV).
The ratio of Fe**/(Fe** + Fe**) is 65.5%. This result shows
that the content of Fe** in the 10Fe7Mn/AC catalyst is
significantly lower than that of the 10Fe1Mn/AC catalyst.
Previous reports have indicated that Fe** is conducive to
NO conversion at low temperature.>** In addition, it can be
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Figure 8. XPS spectra of Mn2p,, and Mn2p,, for the 10Fe1Mn/AC and
10Fe7Mn/AC catalysts.

seen from Table 3 that the Fe concentration on the surface
of 10Fe/AC is 14.16%. After the addition of Mn, the Fe
concentration increases to 21.53 and 14.27% on the surface
of 10FelMn/AC and 10Fe7Mn/AC, respectively. This
indicates that the addition of Mn causes Fe to accumulate
on the surface of catalysts, which would help to promote
the SCR reaction.’ However, the surface concentration
of Fe over the 10Fe7Mn/AC catalyst is lower than that of
the 10FeIMn/AC catalyst, indicating the introduction of
excessive manganese oxide may cause the iron oxide into
the porous system.*” The above analysis may correspond to
the activity of the 10Fe1Mn/AC catalyst being higher than
that of the 10Fe7Mn/AC and 10Fe/AC catalysts.

Figure 8 shows the Mn2p photoelectron peaks of
the 10FeIMn/AC and 10Fe7Mn/AC catalysts through
deconvolutions of the spectra. The two main peaks at
642 and 654 eV are assigned to Mn2p,, and Mn2p,,,
respectively. Using peak fitting to fit Mn2p,,, the spectra of
Mn*, Mn* and Mn?* are obtained, and the binding energy
of various valence states are listed in Table 4. Figure 8
shows that three kinds of valence states of Mn are present
on the surface of 10Fe1Mn/AC and 10Fe7Mn/AC. The
Mn2p,, binding energy of Mn** (MnO,) is 644.6 + 0.5 eV,
and the corresponding binding energy of Mn** (Mn,0,)
and Mn* (MnO), found in the literature, are 642 + 0.5 and
640.5 = 0.5 eV, respectively. The obtained binding energy
of Mn2p,,, in 10Fe1Mn/AC and 10Fe7Mn/AC are similar
to those of MnO,, Mn,O; and MnO.*

The ratios of the different valence states of Mn on the
surface of the 10Fe1Mn/AC and 10Fe7Mn/AC catalysts are
listed in Table 4, which show that the Mn*/Mn** atomic ratio
reaches 1.04 for the 10FeIMn/AC catalyst and decreases to
0.93 for the 10Fe7Mn/AC catalyst. Kapteijn ez al.*® reported
that the NO conversion on pure manganese oxide was
ranked by MnO, > Mn;O, > Mn,0; > Mn,0,. The higher
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Table 4. Binding energy (BE) and valence-state ratios of Mn on the surfaces of the obtained samples

Mn** Mn3* Mn**
Sample A" Ay
BE/eV Area BE/eV Area BE/eV Area
10Fe1Mn/AC 640.9 1163 642.1 2506 644.6 2605 1.04
10Fe7Mn/AC 640.7 4129 642.0 6415 645.1 5968 0.93

Mn*/Mn* ratio indicates that there are more MnQ, in the
catalysts, so 10Fe1lMn/AC catalyst exhibits a better low-
temperature catalytic activity.

H,-TPR

The H,-TPR curves of the Fe,O,, 10Fe/AC, 10Fe 1 Mn/AC
and 10Fe7Mn/AC catalysts are shown in Figure 9. As
observed from Figure 9, the reduction peak of Fe,O; is
mainly divided into two parts. The reduction peaks of the
10Fe/AC and 10Fe1Mn/AC catalysts show little difference.
In addition, for the 10Fe7Mn/AC catalyst, the reduction
peak at low temperature disappears and changes at high
temperature. To analyze this precisely, fitting processes for
the 10Fe/AC, 10FelMn/AC and 10Fe7Mn/AC catalysts
are carried out, and the results are shown in Figure 10.
Figure 10 shows that Fe,O; displays two reduction peaks,
which are assigned to the stepwise reduction from Fe**
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to Fe?* at 364 °C and Fe,0, to FeO at 589 °C.* For the
10Fe/AC catalyst, the three peaks at 370, 592 and 721 °C
are assigned to the reduction of Fe*, Fe,O, and oxygen-
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Figure 9. H,-TPR profiles of the catalysts.
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Figure 10. H,-TPR profiles of the catalysts: (a) Fe,O;; (b) 10Fe/AC; (c) 10Fe1Mn/AC; (d) 10Fe7Mn/AC.
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containing functional groups in AC, respectively. The
10FelMn/AC catalyst exhibits three reduction peaks at
391, 544 and 684 °C. Compared with the 10Fe/AC catalyst,
the reduction temperature of Fe** increases, while the other
two reduction peaks shift to lower temperatures because
of the synergetic effect between MnO, and FeO,.*' For the
10Fe7Mn/AC catalyst, the reduction peak below 400 °C
disappears, and the other two reduction peaks occur at 442
and 631 °C. Compared with all of the catalysts tested, it
is worth noting that the 10FelMn/AC catalyst possesses
the largest reduction area, which suggests that it has the
strongest reduction ability.

Conclusions

The catalytic activity of the 10Fe/AC catalyst was
increased by the addition of manganese oxide. The
10Fe1Mn/AC, 10Fe3Mn/AC, and 10FeSMn/AC catalysts
showed the best performance at 180-240 °C among the
various manganese-modified Fe,O,/AC catalysts. The
modification with a certain amount of Mn species resulted
in a better dispersion of the amorphous state, a larger
surface area, higher existing amounts of Fe**/(Fe** + Fe*")
and Mn*/Mn*, and a stronger reduction ability as detected
by XRD, BET, XPS and H,-TPR, which were all beneficial
for improving the SCR performance of the catalyst. There
are high NO conversion of 10Fe1Mn/AC catalyst at a molar
ratio of NH,/NO = 1.0 and a concentration of 1.0% oxygen.

In this study, the effect of SO, and H,O on the catalytic
activity was not conducted. As we know, the catalyst
resistances to SO, and H,O are key problems in industrial
practice, which will be studied in the future.
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