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Abstract: A series of Fe/ZSM-5 catalysts were prepared by liquid ion exchange, incipient wetness impregnation, and solid-state ion ex-
change to investigate the selective catalytic reduction (SCR) of NOy by NH; (NH;-SCR). The effect of hydrothermal deactivation of
Fe-ZSM-5 catalysts prepared by different methods as a function of Fe loading was investigated. Freshly made and hydrothermal aged
Fe-ZSM-5 catalysts were studied through NH3-SCR activity test and characterized using X-ray diffraction, UV-Vis diffuse reflectance spec-
troscopy, and in situ diffuse reflectance infrared Fourier transform spectroscopy. Iron species on the surface of Fe-ZSM-5 catalysts were
assigned to isolated Fe** species, oligomeric Fe,Oy clusters, and Fe,Os particles based on the UV-Vis spectra. The iron species distributions in
the Fe-ZSM-5 catalysts prepared by these methods were quite different, which resulted in difference in SCR activity. The NH;-SCR activity
of different Fe-ZSM-5 catalysts became very similar after aging, and the activity of NH; oxidation and NO oxidation decreased with the aged
catalysts. Characterization results indicated that the activity change of the aged Fe-ZSM-5 catalysts was due to the change of iron species
distribution in Fe-ZSM-5 catalysts after hydrothermal aging. The relative concentration of isolated Fe** species was decreased, whereas the
relative concentration of oligomeric FeOy clusters and Fe,Os particles was increased in the aged catalysts. A considerable decrease in the
Brgnsted acidity of catalysts was observed for the aged Fe-ZSM-5 catalysts.
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Fig. 1.
lysts. Reaction conditions: 0.05% NO, 0.05% NHs, 5% O,, N, balance.

NOj conversion over H-ZSM-5 and Fe-ZSM-5 catalysts prepared by different methods. (a) Fresh catalysts; (b)—(d) Hydrothermal aged cata-
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Fe Fe/Al BET surface area  Total pore volume
Catalyst content ratio (m?/g) (cm®g)

(%) Fresh  Aged Fresh  Aged
H-ZSM-5 — — 325.3 — 0.189 —
Fe(1.2)-1E 12 021 3011 2887 0.177  0.177

Fe(1.1)-SSIE 1.1 019 286.8 2829 0.184 0.178
Fe(3.5)-SSIE 35 061 2834 2764 0.176  0.177
Fe(6.6)-SSIE 6.6 137 2801 263.0 0.169 0.168
Fe(1.2)-1WI 12 021 3214 3078 0.189 0.191
Fe(3.1)-1WI 3.1 058 3049 2964 0.180 0.182
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Fig. 2. Effect of hydrothermal aging on NH;oxidation and NO oxi-
dation activity of Fe-ZSM-5 cataltysts. Reaction conditions: (a) 0.05%
NHs, 5% O,, N, balance; (b) 0.05% NO, 5% O,, N, balance.
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Fig. 3. XRD patterns of fresh Fe-ZSM-5 catalysts. (1) H-ZSM-5; (2)
Fe(1.2)-1E; (3) Fe(1.1)-SSIE; (4) Fe(3.5)-SSIE; (5) Fe(6.6)-SSIE; (6)
Fe(1.2)-IWI; (7) Fe(3.1)-IWI; (8) 5%Fe;03/H-ZSM-5.
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Fig. 4. UV-Vis DRS spectra (absolute Kublka-Munk function) of Fe-ZSM-5 catalysts.
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Table 2 Percentage of the area of subbands derived by deconvolu-
tion of the UV-Vis DRS spectra in Fig. 4

Fresh (%)

Hydrothermal aged (%)

Catalyst " e e I L e

Fe(1.2)-1E 59.2 301 10 52.1 26.4 21.4
Fe(1.1)-SSIE 68.6 27.1 4.3 58.7 26.9 144
Fe(3.5)-SSIE 389 336 275 26.4 384 355
Fe(6.6)-SSIE  29.7 302 406 18.3 33 48.6
Fe(1.2)-1wWI 38.2 345 27.3 27.7 38.5 33.8
Fe(3.1)-1WI 30.9 352 340 26.8 37.9 35.1

Subbands at 4 < 295 nm. °Subbands at 300 nm < 4 < 400 nm. “Sub-
bands at 4 > 400 nm.
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Nitrogen oxides (NO,) and particulate matter (PM)
emitted from diesel vehicles are major sources of
atmospheric pollutants. Selective catalytic reduction of NO
by NH3 (NH3-SCR) is one of the most efficient technologies
used for removing NO,. V,05-WO3/TiO, is the first com-
mercialized catalyst system due to its high activity and sulfur
resistance, and it has been widely used for deNO, from sta-
tionary sources. However, toxicity of vanadium pentoxide
and the thermal stability of TiO, when the V,05-WO,/TiO,
catalyst system is applied for diesel vehicles make this
catalyst inefficient [1-3]. Hence, efforts are being devoted to
the development of new SCR catalysts. Fe-loaded zeolites,
especially Fe-ZSM-5, have received much attention in recent
years because of their much higher thermal stability and
wider temperature range than vanadia-based catalysts [4,5].

The activity of Fe-ZSM-5 for NH;-SCR can be affected by
many parameters, including the Si/Al ratio of the zeolite, the
ion-exchange degree as well as preparation methods, etc [4].
For a given parent zeolite, the activity of Fe-ZSM-5 for
NH;-SCR depended strongly on the preparation method.
Among various methods for Fe-ZSM-5 preparation, liquid
ion exchange (IE) [6-8], incipient wetness impregnation
(IW1) [7-10], chemical vapor deposition (CVD) [11-15], and
solid state ion exchange (SSIE) [16-18] are well known.

The performance of Fe-ZSM-5 in the NH3-SCR reaction is
related to the Fe species distributions on the catalyst. Ac-
cording to the results of UV-Vis diffuse reflectance spec-
troscopy (DRS), Mdgssauber, and electron paramagnetic
resonance (EPR) spectroscopy, the Fe species coexisting on
Fe-ZSM-5 in some studies of the application of Fe-ZSM-5in
NH3-SCR are generally distinguished as isolated Fe**, oli-
gometric Fe,O, cluster, and Fe,O;particles [14,18-22]. Thus,
different Fe species showed different catalytic performance
in the NH5-SCR reaction. Schwidder et al. [18,20] suggested
that both isolated and oligometric Fe oxo sites can participate
in the standard SCR reaction. Also, Iwasaki et al. [14] pro-
posed that the ion-exchanged oxo-Fe** should be the active
sites and can determine the turnover frequency for the
NH;-SCR reaction. Brandenberger et al. [19] indicated that
the contribution of different Fe species on Fe-ZSM-5 to SCR
activity strongly depended on temperature. At temperatures
below 300 °C, monomeric iron is the most active site for the
SCR reaction while at higher temperatures, the contribution
of dimeric iron species, oligomeric species, and Fe,O3 parti-
cles become important [19].

One of the challenges for the practical application of
Fe-ZSM-5 catalysts is their limited hydrothermal stability at
high temperatures [4,5]. Furthermore, the SCR system may

be installed at the downstream of diesel particulate filters
(DPF) in order to reduce NO, and PM simultaneously [5].
Because of the thermal regeneration of DPF, temperatures of
the exhaust which contains about 10% water are increased
and result in the formation of a high temperature hydro-
thermal condition, which can lead to deactivation of the SCR
catalyst. Krocher et al. [22] investigated the hydrothermal
stability of a Fe-ZSM-5 catalyst coated on cordierite and
observed 5%-15% loss in the deNO, activity of the catalyst
after hydrothermal aging at 650 °C in 10% H,O for 50 h.
Hensen et al. [23] studied the effects of thermal and hydro-
thermal treatment on Fe/ZSM-5 prepared by the CVD
method for N,O decomposition. They found that after severe
hydrothermal aging the activity of the catalyst observed
decreased, and the Fe** migrated out of the ion exchange
sites as well, followed by the iron oxide aggregated and Al
removed from framework positions. Recently, Brandenber-
ger et al. [6] concluded that three parallel processes were
responsible for the hydrothermal breakdown of Fe-ZSM-5,
and these included the rapid dealumination of Al-OH-Si
sites, the rapid depletion of dimeric iron species, and the slow
migration of isolated iron ions followed by the dealumination
of these Al sites. However, in their study, only a series of
Fe-ZSM-5 prepared by liquid ion exchanged was studied [6].

The aim of this study was to investigate the effect of
hydrothermal aging on the Fe species distributions and the
SCR activity of different Fe-ZSM-5 catalysts with various Fe
loadings. By studying the changes of Fe species and the
activities of different Fe-ZSM-5 catalysts for NH;-SCR after
hydrothermal aging, the mechanism of hydrothermal aging
on Fe-ZSM-5 was elucidated.

1 Experimental
1.1 Catalyst preparation

The parent H-ZSM-5 and NH,;-ZSM-5 with SiO,/Al,0; =
25 (Nankai University) were used.

Liquid IE method [6]. NH;-ZSM-5 (10 g) was added to
17.8 g/L FeCl,-4H,0 solution with constant stirring with
continuous flow of N, (100 ml/min) in a water bath at 80 °C.
After 24 h, the mixture was filtered and washed with deion-
ized water. The resulting powder was dried overnight at 110
°C and calcined at 550 °C for 6 h in air.

SSIE method. Three Fe-ZSM-5 catalysts with different
iron contents were prepared by this method. H-ZSM-5 (5 g)
and a suitable amount of anhydrous FeCl; were mixed in a
ball mill for 1 h. Then the mixture was placed in a quartz tube
reactor and heated to 600 °C with a temperature ramp of 5
°C/min in flowing N, (100 ml/min) and kept at this tem-
perature for 2 h. At this point, the vaporized FeCl;exchanged
with the H* of zeolite according to the reaction: FeCls (g) +
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H* et = [FeCl,]"eo1 + HCI(g) [14,18]. An alkali solution was
used to neutralize HCI in the exhaust. After cooling with
continuous flow of N,, the sample was washed with deion-
ized water and dried at 110 °C overnight. Finally, the sample
was calcined at 550 °C for 6 h in air.

IWI method [7]. A suitable FeCl,-4H,0 solution (8 ml)
was added to 10 g of H-ZSM-5 with continued stirring to
form a paste. The paste was aged in a closed container at
room temperature for 24 h and then dried at 60 °C for 12 h
and calcined at 550 °C for 6 h in air.

In this study, Fe-ZSM-5 catalysts were denoted as
Fe(X)-Y, where X represented the mass percent of iron and Y
represented the preparation method. For instance, a
Fe-ZSM-5 prepared by the liquid IE method with 1.2% Fe
was denoted as Fe(1.2)-1E. Hydrothermal aging was con-
ducted at 700 °C in 10% H,O/air for 8 h.

1.2 Activity measurements

The Fe-ZSM-5 catalysts were pelletized and sieved to
40-60 mesh. The reaction conditions were controlled as
follows: 0.05% NO, 0.05% NH;, 5% O,, N, balance, total
flow rate of 500 ml/min, 50 mg catalyst, and gas hourly space
velocity (GHSV) = 3.3 x 10° h™. The effluent gas was ana-
lyzed using an FT-IR spectrometer (Nicolet Nexus 670)
equipped with a heated, low volume multiple-path gas cell (2
m). NO, conversion (Xyox) Was calculated as follows:

Xnox = (1=([NOJ + [NO;])ou/(INO] + [NO.])in) x 100%

The NHzand NO oxidation activities of the catalysts were
investigated in the same reaction conditions as in the
NH3-SCR activity test, with a feed gas composed of 0.05%
NO or 0.05% NHs;, 5% O,, and N, balance.

1.3 Catalyst characterization

The elemental composition of the samples was analyzed
using an inductively coupled plasma optical emission spec-
trometer (ICP-OES, Perkin Elmer, OPTIMA 2000). For
digestion, 50 mg of each sample was dissolved in a mixture
of acids (HNOs:HCI:HF = 5:1:1, v/v). The mixture was
placed in a water bath at 80 °C for 1 h. For analysis, 1 ml
H;BO; saturated solution was added to the residue of the
dissolved mixture and filled up to 25 ml with water.

N, adsorption-desorption isotherms were obtained at —196
°C using Autosorb (1Q) (Quantachrome). Prior to N, ad-
sorption, the samples were degassed at 300 °C for 5 h. Spe-
cific surface areas were determined by the single point BET
model calculation. Total pore volumes of the catalysts at
highest relative pressure are given here.

Powder XRD measurements were carried out on a Pana-
Iytical X-ray diffractometer (the Netherlands, X’Pert PRO
MPD) with Cu K, as the radiation resource. The data were

collected for 20 from 5°to 60° with a stepsize of 0.02°.

UV-Vis DRS spectra were recorded by Hitachi UV3010
(Japan). BaSO, was used as the reference material. The
Fe-ZSM-5 catalysts were diluted with BaSO, at a ratio of 1:4
[18,21]. The spectra were converted with the Kubelka-Munk
(K-M) function F(R) for comparison.

In situ DRIFTS experiments of NH; adsorption over
Fe-ZSM-5 catalysts were performed on an FT-IR spec-
trometer (Nicolet Nexus 670) in order to investigate the
Bragnsted acidity of the catalysts [25]. Each sample was
pretreated at 550 °C in a flow of 20% 0,-80% N, (v/v) for 20
min, then purged with pure N, for 20 min and cooled down to
150 °C in N,. Then, the samples were exposed to a flow of
1% NH3-99% N, and the spectra were recorded until NH3
adsorption saturation.

2 Results and discussion
2.1 Catalytic activity

Figure 1 shows the NO, conversion in the NH;-SCR re-
action over various Fe-ZSM-5 catalysts. Figure 1(a) and
(b)—(d) showed the results of the fresh and aged catalysts,
respectively. As shown in Fig. 1(a), the SCR activities of
Fe-ZSM-5 catalysts prepared by different methods with
similar Fe loadings of 1.2% were quite different. NO, con-
version at temperatures ranging from 190 to 350 °C de-
creased in the sequence Fe(1.2)-IE > Fe(1.1)-SSIE >
Fe(1.2)-IWI. However, at temperature above 350 °C, NO,
conversion of the three catalysts showed the opposite se-
quence and Fe(1.2)-IWI showed the best performance.
Similarly, compared with Fe(3.1)-1WI, Fe(3.5)-SSIE showed
higher SCR activity at lower temperatures but lower activity
as temperatures above 350 °C.

Woasaki et al. [14] mentioned that the SCR activity of
Fe-ZSM-5 was more dependent on the preparation method
than on the Fe loading. For a given preparation method, the
SCR activity of Fe-ZSM-5 can be enhanced by increasing the
Fe loading. Qi et al. [9] reported that the activity of
Fe-ZSM-5 increased with Fe loading but reached amost
maximum when the Fe loading was 2.5%. Brandenberger et
al. [19] also reported that the NO, conversion increased with
Fe loading when Fe/Al was less than 0.45 and then decreased
for higher exchange degree. Our results showed that higher
activity could be achieved by higher Fe loadings. The SCR
activities of Fe(3.5)-SSIE and Fe(3.1)-IWI were much higher
than those of Fe(1.2)-SSIE and Fe(1.2)-1WI. Fe(6.6)-SSIE
showed somewhat lower NO, conversion than Fe(3.5)-SSIE
in the whole temperature range. We deduced that overly high
Fe loading might plug pores in the zeolite and some of the
active Fe sites could not participate in the reaction, on the
basis of the lower pore volume of Fe(6.6)-SSIE compared to
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that of Fe(3.5)-SSIE (Table 1) [17]. These results indicated
that there is an optimum Fe loading for preparing Fe-ZSM-5
from a parent zeolite with a given Si/Al ratio.

Figure 1(b)—(d) shows the NO, conversions of the cata-
lysts after aging at 700 °C in 10% H,Ofair for 8 h. A decrease
in SCR activity was observed for all Fe-ZSM-5 catalysts
after hydrothermal aging. The difference between Fe-ZSM-5
catalysts in NO, conversion became less distinct after aging.
Aged Fe(1.2)-1E and Fe(1.1)-SSIE showed slightly higher
activity compared with aged Fe(1.2)-IWI. Based on similar
performance of aged SSIE and IE prepared Fe-ZSM-5 in
SCR reactions, it seemed that the enhancement of the
hydrothermal stability could not be simply realized by higher
Fe loadings. At temperatures below 400 °C, the activity of all
catalysts was decreased by hydrothermal aging, while at high
temperatures (T > 400 °C), the activity of the catalysts pre-
pared by the IE and SSIE methods was increased. Branden-
berger et al. [6] also reported an increase in NO, reduction
performance at high temperatures (T > 500 °C) by hydro-
thermal aged Fe-ZSM-5. It was suggested that hydrothermal
aging decreased the Fe active sites for the low temperature
activity and increased the Fe active sites for the high tem-
perature activity.

The NO oxidation and NH; oxidation activities of fresh
and aged Fe-ZSM-5 catalysts prepared by the SSIE method
are compared in Fig. 2. The profile showed that the activities
of NH; oxidation and NO oxidation were decreased by
hydrothermal aging. The oxidation of NO to NO, over Fe**
sites was proposed as the slow step of the NH;-SCR at low
temperatures by some researchers [14,15,24]. Therefore, a
decrease in the activity of NO oxidation might be one of the
contributing factors which resulted in the loss of low tem-
perature activity for aged Fe-ZSM-5. At high temperatures,
the oxidation of the reducing agent, NHz, could result in a
decrease in NO conversion. The decrease in the oxidation of
NH; for aged Fe-ZSM-5 catalysts could explain the increase
of NO, conversion at high temperatures.

2.2 Catalyst characterization and discussion
2.2.1 Surface area and pore volume

As shown in Table 1, the surface area and pore volume of
the parent H-ZSM-5 decreased after loading with iron. For a
given preparation method, the surface area and pore volume
decreased with increasing Fe loading. The lowest surface
area and pore volume were observed for Fe(6.6)-SSIE. After
aging, the pore volume of Fe-ZSM-5 seemed unchanged and
the surface area decreased slightly, compared with the fresh
catalyst.

2.2.2 XRD

Figure 3 shows the XRD patterns of fresh Fe-ZSM-5
catalyst and a mechanical mixture of 5% a-Fe,O; with
H-ZSM-5. The typical XRD peaks of a-Fe,O; could be ob-
served at 26 of 33.1° 35.6° 40.9° and 49.5° [9,14,15]. The
observed peaks of a-Fe,Oz 0n the patterns of Fe(6.6)-SSIE
and Fe(3.1)-IWI indicated that o-Fe,O; with particle size
larger than 3-5 nm was presented in these two samples
[9,14,15]. However, no peak for a-Fe,O; phase was detected
for Fe(3.5)-SSIE, which had Fe loading slightly higher than
Fe(3.1)-IWI. The data indicated that the IWI method to
prepare Fe-ZSM-5 is more favorable in producing a-Fe,O3
than catalyst prepared by the SSIE method. Qi et al. [9] and
Iwasaki et al. [14] also observed that, the XRD peaks of
a-Fe,O; were presented in the Fe-ZSM-5 with high Fe
loadings. Additionally, the Fe-ZSM-5 prepared by impreg-
nation exhibited a higher intensity of a-Fe,O; peaks than
those prepared by CVD [14]. The XRD patterns of aged
catalysts showed little difference from those of fresh cata-
lysts (data not shown). There were no detectable peaks of
a-Fe,0; for the aged Fe-ZSM-5 as well as the fresh catalysts.
The calculated results for the particle size of o-Fe,O; ac-
cording to the XRD peak at 26 of 33.1° showed that, after
hydrothermal aging, the particles sizes of a-Fe,O; on
Fe(3.1)-IWI and Fe(6.6)-SSIE increased by about 6% and
10%, respectively.

2.2.3 UV-Vis DRS

UV-Vis DRS has been widely used to study Fe species on
Fe-zeolites [14,17,21,]. Although it cannot distinguish be-
tween isolated and binuclear Fe species, UV-Vis spectra can
ascribe different Fe species on the Fe-ZSM-5 to isolated Fe**
species (bands below 300 nm), oligmeric clusters (between
300-400 nm), and Fe,O; particles (above 400 nm)
[14,17,21,]. Brandenberger et al. [19] suggested that the
contribution of different Fe species on Fe-ZSM-5 to SCR
activity strongly depended on the temperature. At tempera-
tures below 300 °C, the SCR activity was observed to be
primarily caused by monomeric iron sites. However, at
300-400 °C, 400-500 °C, and above 500 °C, the contribution
of dimeric iron species, oligomeric species, and Fe,O3 parti-
cles, respectively, became important. The K-M converted
UV-Vis spectra of the fresh and aged Fe-ZSM-5 catalysts
were compared in Fig. 4. The intensity of bands below 300
nm decreased and that above 400 nm increased for all cata-
lysts after aging.

The UV-Vis spectrum for each Fe-ZSM-5 was deconvo-
luted into subbands. The percentage of each band with re-
spect to the total area of the spectrum was shown in Table 2,
in which 1y, I,, and |5 represented the percentage of the area
of the subbands at 1 <295 nm, 300 nm <1 <400 nm, and 1 >
400 nm, respectively [17,21]. These results showed that after
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aging the values of I, decreased whereas I,and I; increased.
This suggested that hydrothermal aging resulted in a de-
crease in the relative concentration of isolated Fe** species
and an increase in the relative concentration of oligomeric
Fe,O, clusters and Fe,0O3 particles on Fe-ZSM-5. Our UV-Vis
DRS results supported the mechanism of hydrothermal de-
activation of Fe-ZSM-5 proposed by Brandenberger et al. [6]
that hydrothermal aging led to the migration of isolated Fe**
species from iron exchange sites and the formation of small
iron clusters.

From Fig. 4 and Table 2, it can be seen that at similar Fe
loadings, the Fe-ZSM-5 prepared by the SSIE method ex-
hibited a higher relative concentration of isolated Fe** spe-
cies and higher value of 1}, whereas the Fe-ZSM-5 prepared
by the IWI method contained more oligomeric Fe,O, clusters
and Fe,O; particles, with higher values of I, and I;. These
results suggested that at the similar Fe loadings the distribu-
tion of iron species in Fe-ZSM-5 prepared by various
methods were quite different, which resulted in the different
SCR activities. With the same preparation method, the value
of 1, decreased with increasing Fe loading. Fe(3.5)-SSIE and
Fe(3.1)-IWIl showed higher NO, conversion than
Fe(3.5)-SSIE and Fe(3.1)-IWI. Brandenberger et al. [19]
reported that for Fe-ZSM-5 prepared by the IE method with
exchange degree (Fe/Al) below 0.45, the activity of the
catalyst at low temperature (below 300 °C) was determined
by the concentration of monomeric iron sites. These results
indicated that in order to obtain high SCR activity, optimiz-
ing the Fe loadings and maximizing the amount of isolated
Fe®* species should be considered when preparing Fe-ZSM-5
catalysts.

2.24 DRIFTS

Negative bands ascribed to surface hydroxyl stretching
can be observed on the spectra of Fe-ZSM-5 after NH; ad-
sorption due to the interaction of surface hydroxyls with
NH;. Figure 5(a) showed the DRIFTS spectra of fresh
Fe-ZSM-5 catalysts after saturated NH; adsorption in the
region from 3750 to 3450 cm™. The band at 3610 cm™ was
assigned to the OH stretch of Bragnsted acidic sites, and the
band at 3660 cm™ was assigned to OH groups associated
with extra-framework Al [6]. The relative concentration of
Bronsted acidic sites can be determined from the intensity of
the band at 3610 cm™ [6]. The band at 3610 cm™ on
H-ZSM-5 showed a decrease in the intensity after Fe loading.
With increasing Fe loading, the intensity of the band at 3610
cm™ on Fe-ZSM-5 prepared by the same method decreased.
The lowest intensity of the band at 3610 cm™ was observed
for Fe(6.6)-SSIE. For all aged Fe-ZSM-5 catalysts, the band
at 3610 cm™ became too weak to be observed after NH,

adsorption. Figure 5(b) showed the FT-IR spectra of all aged
Fe-ZSM-5 catalysts compared with Fe(6.6)-SSIE). These
results indicated that the concentration of Brgnsted acidic
sites on catalysts was significantly decreased by hydrother-
mal aging in accordance with Brandenberger et al. [6,25].
The role of Bragnsted acidity in the NH3-SCR of NO is still
under debate. Brandenberger et al. [25] pointed out that the
acidity of the Fe-ZSM-5 was not a prerequisite for high
activity at low temperatures. Schwidder et al. [26] revealed
that large reaction rates could be achieved with non-acidic
Fe-ZSM-5 catalysts in NH3-SCR of NO. However, they also
suggested that the decomposition of NH,NO, might be the
rate-limiting step at low temperatures, and the presence of
Bronsted sites opened an addition reaction channel for
acid-catalyzed decomposition of NH4NO,, resulting in high
activity [26]. In the current study, high NH3-SCR activity at
high temperatures was still achieved by aged Fe-ZSM-5
catalysts with significantly decreased Brgnsted acidic sites.
This suggested that the activity of Fe-ZSM-5 on NH;-SCR
might be independent of Brgnsted acidic sites at high tem-
peratures.

3 Conclusions

The activity of Fe-ZSM-5 catalysts at low temperature was
significantly decreased by hydrothermal aging at 700 °C in
10% H,0 for 8 h. Whereas when the temperature was above
400 °C, the activity of the aged catalysts increased.
Fe-ZSM-5 prepared by IWI method which contained fewer
isolated Fe** species and more large-size Fe,O; particles
performed well at high temperatures, but was inferior at low
temperatures. Fe-ZSM-5 with high Fe loading and more
isolated Fe®* sites could be obtained using SSIE methods,
butextreamly higher Fe loading might result in negative
effects on SCR activity. Hydrothermal aging significantly
decreased the activity at low temperature and slightly in-
creased the activity at high temperature. The differences
between the NH,-SCR activities of Fe-ZSM-5 catalysts
prepared by various mehods were unobvious after aging. Our
results indicated that the enhancement of the hydrothermal
stability can not be simply considered by improving the
preparation methods. According to our characterization
results, after hydrothermal aging, the surface area of the
catalysts decreased slightly, while the pore volume seemed
unchanged. The relative concentration of isolated Fe*" spe-
cies decreased and the concentration of oligomeric Fe,O,
clusters as well as Fe,Oz particles increased. Brgnsted acidity
of the catalysts also significantly decreased.
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