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Sulfur poisoning of V2O5/BaSO4–TiO2 (VBT), V2O5/WO3–TiO2 (VWT) and V2O5/BaSO4–WO3–TiO2

(VBWT) catalysts was performed in wet air at 350°C for 3 hr, and activities for the selective
catalytic reduction of NOx with NH3 were evaluated for 200–500°C. The VBT catalyst showed
higher NOx conversions after sulfur poisoning than the other two catalysts. The introduction
of barium sulfate contributed to strong acid sites for the as-received catalyst, and eliminated
the redox cycle of active vanadium oxide to some extent, which resulted in a certain loss
of activity. Readily decomposable sulfate species formed on VBT-S instead of inactive
sulfates on VWT-S. These decomposable sulfates increased the number of strong acid sites
significantly. Some sulfate species escaped during catalyst preparation and barium
sulfate was reproduced during sulfur poisoning, which protects vanadia from sulfur
oxide attachment to a great extent. Consequently, the VBT catalyst exhibited the best
resistance to sulfur poisoning.
© 2016 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences.
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Introduction

Nitrogen oxides (NOx) that are emitted from fossil combustion
are a major source of air pollution. Because of their large-scale
emissions, NOx reduction has become an important issue. The
selective catalytic reduction of NO with NH3 (NH3-SCR) in the
presence of excess oxygen is a widely used technology to
remove NOx from flue gases of power boilers and industrial
furnaces (Liu et al., 2013; Nie et al., 2014; Chen et al., 2015a,
2015b; Ma et al., 2015; Maitarad et al., 2016; Geng et al., 2016).
V2O5/WO3–TiO2 catalyst, a well-known commercial catalyst,
has been used for decades owing to its stability and high
catalytic activity at 300–400°C (Pan et al., 2013; Zhang et al.,
2015). However, this catalyst still experiences some drawbacks,
@tsinghua.edu.cn (Xiaodo
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such as a high cost of tungsten oxide as additive and a relatively
low sulfur tolerance in high-SO2 concentration atmospheres.

Nowadays an important promoter for commercial V2O5/TiO2

is tungsten oxide, which can enhance SCR performance by
increasing the Brönsted acid sites and the redox property of the
VOx species (Cheng et al., 2014; Kwon et al., 2016). The phase
transition of anatase to rutile can be inhibited with tungsten
oxide addition (Paganini et al., 1997; Liu andWoo, 2006; Kubacka
et al., 2014). However, tungsten oxide introduction has little
effect on SO2 tolerance enhancement and even increases SO2

oxidation to SO3 to some extent by the promoted dispersion of
vanadia (Koppula et al., 1998; Kwon et al., 2016). SO2 can be
oxidized to SO3 by dispersed vanadia species to form metal
sulfates, which may block catalyst pore channels or eliminate
ng Wu).

s, Chinese Academy of Sciences. Published by Elsevier B.V.
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the redox cycle of active sites, which leads to a decrease in SCR
catalyst activity (Liu et al., 2011).

An enhanced or reduced catalytic performance by the sulfate
species formed on the catalyst depends on their nature and
properties (Chen and Yang, 1990; Topsoe et al., 1995; Wang et al.,
2015). Significant effort has been devoted to improving the sulfur
tolerance of V2O5/TiO2 catalysts in the past decade (Li et al., 2014;
Yang et al., 2016). Orsenigo et al. reported that sulfation was
preferable on vanadium oxide rather than tungsten oxide and
titaniumdioxide (Orsenigo et al., 1998),whichwas also confirmed
by our previous work (Chen et al., 2015a, 2015b). Khodayari et al.
found that sulfate species formed after sulfur poisoning could
strengthen active Brönsted acid sites and increase and stabilize
catalytic activity (Khodayari and Odenbrand, 2001). Muhammad
et al. introduced CeO2 to Sb-V2O5/TiO2, and found that Ce(III)
sulfate that formed at high temperatures was more active for
NH3-SCR than Ce(IV) sulfate formed at low temperatures
(Maqbool et al., 2014).

The roles of barium oxide and barium sulfate have been
studied for sulfur resistance in NOx storage reduction cata-
lysts (Su and Amiridis, 2004; Elbouazzaoui et al., 2005; Corbos
et al., 2008; Tanaka et al., 2013). Well-dispersed barium sulfate
that is located in the Pt proximity is more reducible than
bulk-like species at low temperature (Poulston and Rajaram,
2003; Elbouazzaoui et al., 2005; Wei et al., 2005). The
introduction of barium sulfate could increase NOx adsorption
and resistance to SO2 over Pt/CeO2–ZrO2 catalyst, which could
promote the decomposition of deposited sulfates and reduce
sulfur species accumulation (Corbos et al., 2008; Zheng et al.,
2012).

We lreport a novel strategy to obtain a high-SO2-resistant
V2O5/TiO2 catalyst by modification with low-cost barium
sulfate, which is of significant importance for possible
industrial applications. Fresh and sulfated catalysts were char-
acterized by X-ray diffraction (XRD), Brunner–Emmett–Teller
surface area (BET), thermogravimetric analysis (TGA), inductively
coupled plasma (ICP), temperature-programmed desorption/
reduction (TPD/R) andNH3 temperature-programmeddesorption
(NH3-TPD).
1. Experimental

1.1. Catalyst preparation

BaSO4–WO3–TiO2 (BWT) mixed oxides were prepared by
mixing aqueous solutions of metatitanic acid (Beijing Chem,
Beijing, China), ammonium paratungstate (Beijing Chem,
Beijing, China) and barium sulfate in a weight ratio of
WO3:BaSO4:TiO2 = 1.25:1.25:97.5. The obtained mixtures were
stirred for 1 hr, and the solution was titrated with 15 wt.%
ammonia hydroxide (Beijing Chem, Beijing, China) until the
pH reached 9. The resulting precipitates were dried at 80°C
overnight and calcined at 500°C for 3 hr in air. WO3–TiO2 (WT)
and BaSO4–TiO2 (BT) powders with WO3:TiO2 = 2.5:97.5 and
BaSO4:TiO2 = 2.5:97.5 were prepared by the same method.
V2O5/BaSO4–WO3–TiO2 (VBWT), V2O5/WO3–TiO2 (VWT) and
V2O5/BaSO4–TiO2 (VBT) catalysts were prepared by an incipient
wetness impregnation method on the corresponding supports.
The nominal loading amount of vanadia was 1 wt.% using an
ammonium metavanadate precursor (Beijing Chem, Beijing,
China). The paste was dried at 110°C overnight and calcined at
450°C for 3 hr.

Sulfur poisoningwas performed by exposing the as-received
catalysts to a stream of 1000 ppm SO2, 20% O2, 10% H2O and a
balance of N2 in a fixed-bed quartz tube at 350°C for 3 hr, and
the corresponding sulfated catalysts were denoted VBWT-S,
VWT-S and VBT-S.

1.2. Activity measurement

NH3-SCR activitymeasurements were carried out in a fixed-bed
quartz tube at the 200–500°C. The reactor containing 200 mg
catalyst (60–80 mesh) with a GHSV (Reactant Gas Flow Rate/
Reactor Volume) of 12,000 hr−1. The feed stream consisted of
500 ppm NH3, 500 ppm NO, 250 ppm SO2, 5% O2 and a balance
of N2 (500 mL/min). The outlet gas was monitored at 150°C by
using a Thermo Nicolet 380 FTIR spectrometer (Thermo Nicolet
380 FTIR spectrometer, Thermo Fisher Scientific, USA) equipped
with 2 m path length sample cell (250 mL volume). The NOx

conversion and N2 selectivity were calculated as Eqs. (1) and (2),
respectively.

NOx conversion %ð Þ ¼ NO½ �in− NO½ �out− NO2½ �out−2 N2O½ �out
NO½ �in

� 100

ð1Þ

N2 selectivity %ð Þ ¼ 1−
NO2½ �out þ 2 N2O½ �out

NH3½ �in þ NO½ �in− NH3½ �out− NO½ �out

� �
� 100

ð2Þ

1.3. Catalyst characterization

Catalyst powder XRD patterns were determined by using a
D/mas-RB diffractometer (Rigaku, Tokyo, Japan) at 40 kV
and 120 mA with Cu Kα radiation (λ = 0.15418 nm). The
patterns were recorded at 0.02° intervals for 20° ≤ 2θ ≤ 70°
with a scanning velocity of 4°/min.

The catalyst specific surface area was measured by using
N2 adsorption at −196°C by the four-point BET method using
an automatic surface analyzer (F-Sorb 3400, Gold APP, China).
Prior to the analysis, catalysts were degassed in vacuum at
200°C for 2 hr.

The thermo gravimetric analysis (TGA) of the catalysts was
performed on a Mettler Toledo TGA/DSC instrument from
room temperature to 1100°C in N2 (50 mL/min) at 10°C/min.
Approximately 10 mg catalyst was weighed onto an alumina
pan for each test.

ICP analysis was carried out using an ICP emission
spectrometer (Vista-MPX, Varian, USA).

H2 temperature-programmed reduction (H2-TPR) was con-
ducted on a Micromeritics AutoChem II 2920 (AutoChem II 2920,
Micromeritics, USA). Prior to the conventional H2-TPR run, 50 mg
catalyst was treated in He at 300°C for 30 min. The catalyst was
heated to 900°C at 10°C/min in 10% H2/Ar (50 mL/min) with the
H2 consumption recorded by TCD. The outlet gases were also
detected by a mass spectrometer (Mass spectrometer, Omnistar
200, Germany). Another H2-TPR was carried out after TPR
pretreatment and isothermal oxidation. Firstly, the catalyst
was heated in 10% H2/Ar to 500°C at 10°C/min to remove
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decomposable sulfates. Isothermal oxidation pretreatment was
carried out in 10%O2/He at 500°C for 30 min and the catalyst was
cooled to room temperature before H2-TPR was performed.

NH3 temperature-programmed desorption (NH3-TPD) was
performed in a fixed-bed quartz tube. The catalyst was
pretreated at 500°C for 1 hr in 8% O2/N2 (500 mL/min) stream.
After cooling to room temperature, the catalyst was exposed
to 500 ppm NH3/N2 (500 mL/min) until saturation, followed by
purging with N2 for 30 min. The catalyst was heated to 500°C
at 10°C/min in N2 (500 mL/min). The outlet NH3 concentration
was monitored by a Nicolet 380 spectrometer.
2. Results

2.1. Catalytic activities

Fig. 1a compares the NH3-SCR activities of the fresh catalysts.
They followed the order VWT > VBWT > VBT at low temper-
atures (T ≤ 300°C) and VBWT ≈ VBT > VWT at high tempera-
tures (T ≥ 400°C). The fresh VWT catalyst showed higher
deNOx efficiency than the other two catalysts at low temper-
ature, which implies a lowered reactivity of vanadia species
from the interaction with barium sulfate. Catalysts exhibited
higher activities at high temperatures with barium sulfate
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Fig. 1 – (a, b) NOx conversion and (c, d) N2 selectivity over the fres
NO = NH3 = 500 ppm, SO2 = 250 ppm, O2 = 5%, N2 in balance, GH
catalytic reduction of NO with NH3.
addition. As shown in Fig. 1c, almost no NO2 was detected in
the downstream gas in the entire temperature region.
However, the increase in N2O production becomes obvious at
the temperatures higher than 400°C, resulting in a decrease in
N2 selectivity. The addition of barium sulfate does not appear
to change the selectivity to N2.

Under real working conditions, especially in coal-fired
power plants, exhaust gases always contain some SO2 and
H2O (Srivastava et al., 2004). Thus, the NH3-SCR activities of the
catalysts after 3 hr wet sulfur poisoning have been studied and
the results are shown in Fig. 1b and d. The SO2 deactivation
effect was serious for VWT, which showed a significant
decrease in low-temperature activity and high-temperature N2

selectivity. It is unusual to find that both the activity and
selectivity of VBT-S catalyst are enhanced. Therefore, the
substation of tungsten oxide by barium sulfate promotes the
SO2 resistance of vanadia based catalysts.

2.2. XRD and BET

XRD patterns of the catalysts are shown in Fig. 2. All catalysts
exhibited typical anatase TiO2 structural features. No WO3, V2O5

or Ti(SO4)2 diffraction peaks were detected, which suggests that
thesemetal oxides andsulfatewerewell dispersedor amorphous
in the catalysts (ARATA et al., 1990; Sohn et al., 2002; Yu et al.,
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h and poisoned catalysts for NH3-SCR. Reaction conditions:
SV = 12,000 hr−1. NOx: nitrogen oxides; NH3-SCR: selective



Fig. 2 – XRD patterns of (1) VWT, (2) VBWT, (3) VBT, (4) VWT-S,
(5) VBWT-S and (6) VBT-S catalysts. XRD: X-ray diffraction;
VWT: V2O5/WO3–TiO2; VBWT: V2O5/BaSO4–WO3–TiO2; VBT:
V2O5/BaSO4–TiO2.
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Fig. 3 – TGA curves of catalysts in N2. TGA: thermogravimetric
analysis.
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2013). Someweak bariumsulfate diffraction peakswere visible in
the XRD patterns of the catalysts that contained barium sulfate,
as shown in the inset in Fig. 2. These results suggest that barium
sulfate exists in theprepared catalysts usingBaSO4 as aprecursor
after calcination. Additionally, the diffraction peaks of barium
sulfate increased in intensity after sulfur poisoning, which
implies that more barium sulfate formed during treatment.

The catalyst surface areas are listed in Table 1. The
introduction of barium sulfate to the catalysts does not affect
the catalyst surface area significantly. The specific surface
area of the catalyst decreased after sulfur poisoning, because
of the blockage of catalyst pore channels by deposited sulfates
(Liu et al., 2011).

2.3. TGA and ICP

Sulfate deposition is important in the catalytic performance of
poisoned catalysts, and TGA and ICP analyses have been
applied to determine the amount of sulfates over different
catalysts. TGA curves of the catalysts are shown in Fig. 3, and
the mass losses are summarized in Table 2. All catalysts
revealed certain mass losses for 25–545, 545–745 and
745–1100°C. The mass loss of step I is ascribed to the loss of
water and easily decomposable impurities in the catalysts.
The mass losses of steps II and III were assigned to the
Table 1 – Textural, redox and acidic properties of catalysts.

Catalysts SBET
(m2/g)

H2 consumptiona

(μmol/g)
NH3 desorptionb

(μmol/g)

VWT(-S) 54 (43) 170 (70) 99 (113)
VBWT(-S) 56 (42) 166 (85) 134 (154)
VBT(-S) 58 (46) 130 (110) 158 (186)

a Calculated by integrating areas of desorption peaks in Fig. 7.
b Calculated by integrating areas of reduction peaks at 370–400°C
in Fig. 6.
decomposition of surface and bulk sulfate species, which
corresponds to the decomposition of BT (Corbos et al., 2008).
The readily decomposable sulfate species, as will be discussed
in the H2-TPR results, decomposed at step II in N2, whereas
the decomposition of strongly-interacted sulfates such as
vanadium sulfate occurred at higher temperatures (step III).
The differences in catalyst mass loss (Δ) before and after
sulfur poisoning were calculated, which could indicate the
amount of decomposable sulfates deposited on the catalysts.
The result followed the order of VBT-S > VBWT-S > VWT-S at
step II and a reverse sequence at step III. This implies that the
majority of sulfates on VBWT-S and especially VBT-S were
readily decomposable sulfates, whereas those on VWT-S were
more stable bulk sulfates, including strongly-interacted
vanadium sulfate. The ICP results are listed in Table 2. The
increased S contents in the poisoned catalysts are similar to
each other. By assuming no loss of sulfur upon catalyst
preparation, the theoretical sulfur contents in the fresh VBWT
and VBT should be 0.51% and 1.02%, respectively, which is
much larger than the S values detected by ICP. These results
confirm barium sulfate decomposition and sulfate radical loss
upon calcination during catalyst preparation. An increased
mass loss of VBT-S at steps II and III (0.283%) is ascribed to the
deposited sulfate decomposition. This corresponds to an S
content of 0.1142% if we assume that the deposition of
sulfates generates SO3 or SO2 + 1/2O2, which is similar to the
TG result. Thus, it can be deduced that sulfates deposited on
VBT-S can be decomposed even in N2. However, those on
VWT-S can be decomposed less easily.

2.4. Redox property

The availability and amount of redox sites on the fresh and
sulfated catalystswas determined by usingH2-TPR. The profiles
obtained are shown in Fig. 4. The VWT catalyst showed three
reduction peaks centered at 400, 436 and 776°C. The first peak is
ascribed to the reduction of V5+ → V3+ (Yu et al., 2013; Chen
et al., 2015a, 2015b; Ma et al., 2015). The second and third peaks
correspond to the successive reduction of W6+ → W4+ and



Table 2 –Mass losses and S contents of catalysts.

Catalyst Weight loss at
Step II (wt.%) a

Δ at Step II
(wt.%) a

Weight loss at
Step III (wt.%) a

Δ at Step III
(wt.%) a

Decomposable sulfate
content (wt.%) b

S content
(wt.%) c

ΔS (wt.%) c

VWT 0.066 – 0.302 – – 0.03 –
VBWT 0.158 – 1.015 – – 0.18 –
VBT 0.349 – 1.196 – – 0.28 –
VWT-S 0.106 0.040 0.403 0.101 0.141 0.16 0.13
VBWT-S 0.364 0.206 1.024 0.009 0.215 0.30 0.12
VBT-S 0.627 0.278 1.201 0.005 0.283 0.39 0.11

VWT: V2O5/WO3–TiO2; VBWT: V2O5/BaSO4–WO3–TiO2; VBT: V2O5/BaSO4–TiO2.
a Measured by TGA (thermogravimetric analysis).
b Calculated by assumption.
c Measured by ICP (inductively coupled plasma).

0 200 400 600 800

BT

VBT-S

VBWT-S

VWT-S

VBT

VBWT

H
2S

 S
ig

na
l 

In
te

ns
it

y 
(a

.u
.)

Temperature ( C)

370 650
810

700 830

VWT
2.5E-14a

114 J O U R N A L O F E N V I R O N M E N T A L S C I E N C E S 5 7 ( 2 0 1 7 ) 1 1 0 – 1 1 7
W4+ → W0, respectively (Wang et al., 2013). These reduction
peaks shifted towards lower temperatures with the addition of
barium sulfate especially for VBT. However, they do not imply
an increase in vanadia and tungsten oxide species reducibility
because of interference from the decomposition and reduction
of sulfates.

To confirm the influence of sulfate decomposition/reduc-
tion on the hydrogen consumption of catalysts, the produc-
tion of SO2 and H2S was monitored by MS and the results are
shown in Fig.5. The H2S peak at 370°C is attributed to the
reduction of surface barium sulfate, which contributes signif-
icantly to the first reduction peak of VBT in Fig. 4. Similarly,
the release of SO2 at 367°C is ascribed to the decomposition of
barium sulfate, which also contributes to the H2 reduction
peak at 367°C. The simultaneous appearance of a H2 con-
sumption peak for BT at 561°C in Fig. 4 and a SO2 peak in
Fig. 5b indicates their direct relationship, which was caused
by surface barium sulfate (Wei et al., 2005). However, the
reduction peak of barium sulfate can shift to 385°C after
loading vanadia. A similar promoting effect of Pt and Rh on
the decomposition of surface barium sulfate has been
reported by Wei et al. (2005). The interference of sulfate
reduction/decomposition is more significant for the catalysts
after sulfur poisoning.
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Fig. 4 – Conventional H2-TPR catalyst profiles. H2-TPR: H2

temperature-programmed reduction.
The redox properties of vanadia species are critical to the
catalyst SCR activity. To avoid the influence of sulfates, fresh
and poisoned catalysts were pretreated in H2 by running TPR
from room temperature to 500°C and these were oxidized in
O2 at 500°C for 30 min. After such desulfation treatment, no
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H2S or SO2 signal was detected by MS when performing
H2-TPR tests, which indicates the complete removal of
decomposable/reducible sulfates. Although vanadia species
do not remain in the same state after pretreatment, the redox
property of catalysts is suggested not to change significantly
because only those reducible sulfates were removed. As
shown in Fig. 6, the reduction peak was deconvoluted into
two overlapped peaks centered at 400 (370 for VBT-S) and
435°C, which is ascribed to the reduction of V5+ → V3+ and
W6+ → W4+, respectively. The H2 consumption values of the
first peak, which represent the amount of active vanadia
species quantitatively (Zhao et al., 2010), are summarized in
Table 1. The amount of active vanadia on the WT support
decreases by ~60% after sulfur poisoning, whereas the drop is
only 15% for VBT-S. The decrease in H2 consumption is caused
by a strong interaction between vanadium and sulfate
species, which cuts off the redox cycle in the NH3-SCR
reaction and leads to catalyst deactivation. The replacement
of a WT support by BT results in the decrease of vanadia
species reducibility on the fresh sample. However, most active
vanadia is preserved on VBT-S, whereas the loss of active
metal oxides is most severe on VWT-S. The above results are
consistent with low-temperature catalyst activities, which
demonstrate the importance of active vanadia in the SCR
reaction.

2.5. NH3-TPD

Because NH3 absorption/desorption is a critical process in
NH3-SCR, NH3-TPD was performed to measure the amount
and strength of acid sites on the catalyst surface (Zhihua Lian
et al., 2015). The results are shown in Fig. 7 and the total NH3

desorption values as estimated by integrating the peak areas
are listed in Table 1. All catalysts showed two overlapping
peaks with the first at 100–280°C (weak acid sites) and the
second at 280–450°C (strong acid sites) (Maqbool et al., 2014).
The total amount of NH3 desorbed followed the order
VBT > VBWT > VWT for the fresh catalysts. The amount of
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Fig. 6 – H2-TPR profiles after desulfation treatment. H2-TPR: H2

temperature-programmed reduction.
desorbed NH3 increased in the presence of barium sulfate,
especially at high temperature, which means that more acid
sites exist on catalysts that contain sulfate species than on
VWT. NH3 desorption of the catalysts increases after sulfur
poisoning, which suggests that the sulfate deposited on the
catalysts can serve as strong acid sites for NH3 adsorption.
3. Discussion

3.1. Influence of sulfur poisoning on structure and sulfate species

Although the introduction of barium sulfate does not yield
any obvious effect on catalyst surface area, some vanadium
oxide interacted with the sulfate radical from barium sulfate,
which is consistent with a decrease in H2 consumption for the
VBT catalyst (Fig. 6), and results in a poor VBT catalyst SCR
activity at low temperature. As shown by the ICP results, some
sulfate species were lost from the as-prepared catalyst during
calcination. This implies that some barium may exist as BaO
or other species that are in too low concentrations to be
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detected by XRD. These non-sulfates appeared to react with
SO3 to form barium sulfate again upon sulfur poisoning,
which is evidenced by the increase in intensity of barium
sulfate characteristic peaks in the XRD pattern of the VBT-S
catalyst. As a result, most vanadia is conserved because of the
sacrificing effect of these barium species. Although the ICP
results indicate that the amounts of deposited sulfates are
similar on different sulfated catalysts, their decomposition
behaviors are rather different based on the TGA results. More
readily decomposable sulfates existed on VBWT-S and espe-
cially VBT-S. The ratio of decomposable sulfates is lowest and
they tend to decompose at high temperature on VWT-S,
which implies a stronger interaction from sulfate species on
VWT-S. The SO2 deactivation mechanisms over different
catalysts are shown in Scheme 1. The non-sulfate barium
species types and their possible transformation during a
durability test remain to be identified.

3.2. Effect of sulfur poisoning on surface acidity and redox
property

It has been reported that the surface acidity and redox property
playdominant roles inNH3-SCRperformance (Penget al., 2013; Li
et al., 2015; Qu et al., 2016; Zhang et al., 2016). In general, the
redox property can be evaluated by H2-TPR, which is affected by
the reduction of doped/deposited sulfates. A so-called redox
pretreatment was attempted to exclude the influence of
decomposable sulfates, and the reactivity of active vanadia
species was expressed as an integrated area of the first
deconvoluted reduction peak in H2-TPR profile. After the
addition of barium sulfate, the reducibility of VBT decreased to
some extent, which may be because of the interaction of the
introduced vanadia and sulfate species. This weakened reduc-
ibility should account for the lower NH3-SCR activity of the VBT
catalyst at low temperature. After sulfur poisoning, the reduc-
ibility decreased sharply for the VWT-S catalyst, which resulted
from the formation of stablemetal sulfates, including vanadium
sulfate. It is important to establish only a small decrease in H2

consumption of the first deconvoluted reduction peak for the
VBT-S catalyst, which suggests that it still exhibited a good
reducibility after sulfur poisoning. The catalyst surface acidity is
determined by NH3-TPD. The addition of barium sulfate
increases the surface acidity of the fresh catalyst VBT. Similarly,
the deposited sulfates also contributed to the surface acidity of
the sulfated catalysts, which was consistent with Khodayari's
investigation that the introduced sulfates increased the strength
of the surface acid site and the catalytic activity (Khodayari
and Odenbrand, 2001). Combined with the TGA results, it is
Scheme 1 – SO2 deactivation mech
reasonable to believe that decomposable sulfates acts as
important strong acid sites, which facilitates the SCR reaction
at high temperatures, and contributes to low-temperature
activity.
4. Conclusions

The effects of barium sulfate in V2O5/TiO2-based catalysts on
the NH3-SCR activity and sulfur resistance were investigated.
The addition of barium sulfate into the titania support instead
of tungsten oxide can enhance the SO2 tolerance significantly.
According to the TGA and H2-TPR results, the vanadia on
VWT-S interacted strongly with sulfate species to form stable
vanadium sulfate, which resulted in a significant decrease in
NOx conversion from 87% to 75% at 300°C. Although a similar
amount of sulfates was deposited on the VBT-S catalyst, they
are decomposable species that contribute to a significant
increase in strong acid sites but also do not inhibit active
vanadia reactivity. As a result, NOx conversion over VBT-S
increased from 62% to 85% at 300°C and reached a maximum
(96%) at 400°C. The V2O5/BaSO4–TiO2 catalyst appears to be a
promising NH3-SCR catalyst for application in SO2-containing
exhaust emissions.
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