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Abstract—Arsenic species, which are inevitable components in flue gas from the coal combustion process, will result in
severe deactivation of selective catalytic reduction (SCR) catalysts. In this paper, a novel method is proposed to regener-
ate the arsenic-poisoned commercial V,05-MoO,/TiO, catalyst collected from coal-fired power plants, including ammo-
nia washing, H, reduction, and air calcination. Activity tests indicated that the proposed method could recover the
catalyst activity more than 96% of the fresh catalyst. Furthermore, detailed characterizations results indicated that this
regeneration method could not only effectively remove the arsenic species, but also recover the active constituents of the
catalysts to a considerable level. The proposed method offers a feasible strategy for the regeneration of poisoned com-
mercial SCR catalysts and can effectively reduce the total denitrification cost for coal-fired power plants.
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INTRODUCTION

Selective catalytic reduction (SCR) with ammonia as a reduc-
ing agent is the most successful and commercialized technology
for abating NOy emission from coal-fired power plants [1-4]. The
widely employed catalyst in the NH,-SCR system was honeycomb
or plate type V,05-WO;(MoO5)/TiO, with V,0; as the active phase,
WO;(MoOQ:;) as the chemical promoter and TiO, as the carrier [5-
7]. Some of the flue gas components from the coal combustion
process can be a serious threat to the normal operation of the SCR
system. SO,, alkali metals (e.g., K, Na) and heavy metals (e.g, As,
Pb and Hg) in flue gas usually cause severe deactivation of SCR
catalyst, shortening the catalyst lifespan [8-12]. The regeneration of
deactivated SCR catalysts will provide significant benefits in both
economical and environmental aspects, due to the decrease in the
cost of denitrification and solid wastes recycling for power plants
[13,14]. Various studies have been performed to regenerate differ-
ent deactivated SCR catalysts, mainly focusing on catalysts poisoned
by alkali metals or acidic gas. However, limited attention has been
paid to the regeneration of SCR catalysts poisoned by heavy metals.

Arsenic is a toxic trace element in coal, the concentration of arse-
nic species in coal-fired flue gas ranges from 1 pg/m’ to 10 mg/m’
[15], mainly in the form of arsenopyrite (FeAsS), which can be oxi-
dized to As,O; during combustion. It has been reported that arse-
nic species would cause serious deactivation of the SCR catalyst
[16,17]. Generally, gaseous As,O; can diffuse into the catalyst and
clog its micropores through the siphon effect. Specifically, when the
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partial pressure of As,O; exceeds its partial equilibrium pressure, it
will condense and cover the acid sites of the catalyst [15]. In addi-
tion, the adsorbed As,O; will transform the lattice oxygen of V,0s
into surface adsorption oxygen and capture the oxygen atom from
V,0; to generate As,Os. The formed As,Os will bring forth dense
oxide layers and cover the active sites, restraining the adsorption
and activation of NH;, finally reducing the activity of SCR catalyst.
Peng et al. investigated the effects of arsenic over the SCR V,0;-
WO,/TiO, catalyst [18]. The results concluded that the arsenic spe-
cies not only decreased the amount of Lewis acid sites but also de-
creased the strength of Brensted acid sites. The decrease in Lewis
acid sites results in a decrease in denitrification activity of the SCR
catalysts because Lewis acids sites play an essential role in the for-
mation of amide species from ammonia at a lower temperature.
The amide species further react with gaseous NO and result in the
the formation of intermediate NH,NO and finally decompose to
N, and H,0O [19].

Till now; several approaches, such as washing and thermal reduc-
tion, have been adopted for regeneration of the arsenic poisoned
SCR catalysts. For the washing method, the alkaline solution can
remove arsenic species from the catalyst and partially recover the
catalytic activity. Unfortunately, this method is unable to eliminate
the arsenic species completely and may also cause secondary poi-
soning of catalysts when some specific alkaline solutions (NaOH
or KOH) are used [20]. Li et al. proposed the H, reduction method
aiming at regenerating CeO,-WO,/TiO, catalyst [21]. This method
improves the arsenic removal efficiency and facilitates the forma-
tion of NOy adsorptive sites. However, it suffers from the defects of
catalyst sintering and the following loss of active sites [22]. There-
fore, it is essential to develop a more effective method to regener-
ate the arsenic-poisoned SCR catalyst.
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1. Poured 5g sample into the 100 ml
deionized water and ultrasound at
45 °C for 10 min;

2. Added 100 ml ammonia solution
(0.5 mol/L) into the suspension

and stirred for another 15 min

Washed
catalyst

Fig. 1. Regeneration scheme of the poisoned catalyst.

In this study, a novel method is proposed to regenerate the arse-
nic poisoned commercial V,05-MoO,/TiO, type SCR catalyst, in-
cluding the ammonia washing, H, reduction, and air calcination.
The catalysts in each regeneration step were collected and subjected
to activity tests and various characterizations. Finally, a tentative
mechanism was proposed to elucidate the regenerative process of
the arsenic poisoned catalyst.

EXPERIMENTAL

1. Catalyst Preparation and Regeneration

Both fresh and arsenic poisoned plate-type V,05-MoO,/TiO,
catalysts were obtained from a coal-fired power plant in Inner
Mongolia Province in China. Prior to the experiments, the cata-
lyst samples were separated from the stainless steel meshes. Fresh
catalyst was used as a reference sample. The poisoned catalyst was
then regenerated by ammonia solution scrubbing, H, reduction,
and air calcination, as shown in Fig. 1. H, reduction was performed
by introducing 5% H,/Ar (100 ml/min) at a heating rate of 10 °C/
min from room temperature to 300 °C for 3 hours in horizontal
reactor manufactured by Tianhong Lituo (Beijing Technology CO.
LTD). The optimum calcination at 500 °C for 3 hours increased
the surface area and Lewis acid sites and helped in the dispersion
of active component over the catalyst surface, which corresponds
to increase in mobility of lattice oxygen and recovers the redox
reactions and finally contributes in an increase in activity of the
SCR catalysts [23]. The catalyst obtained in each step was denoted
by the regeneration method. All samples were crushed and sieved
to obtained particles of 0.18-0.25 mm for characterization and activ-
ity measurements.
2. Activity Measurement

The catalytic activity was evaluated in a fixed-bed quartz reactor
(LD.=8 mm) based experimental equipment in Fig. 2. The inlet
gas mixture contained 402 mg/Nm’ NO, 228 mg/Nm’ NH;, 3% O,,
5% H,0, 500 mg/Nm’ SO, and N, as the balance. The test tempera-
ture was 350 °C, the gas hourly space velocity (GHSV) was 180,000
h™". The concentrations of the outlet gases were continually moni-
tored by an FT-IR spectrometer (German MRU company, model
MGAD5). The NO conversion efficiency of the catalysts was calcu-
lated as follows:

=280~ PNOw 1095 )

Pno,,

where 77 is the denitrification efficiency, gy, and ¢y, are the
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Fig. 2. Experimental setup to analyze the activity of the catalyst.

concentrations of NO in the flue gas before and after the catalytic
reaction, respectively. The activity data were recorded under a 20-
min-steady-state operation and the tests were replicated three times.
3. Catalyst Characterization

The elemental compositions of catalysts were analyzed by an X-
ray fluorescence spectrometer (XRF-1800, Shimadzu, Japan). The
Brunauer-Emmett-Teller (BET) surface area, total pore volume and
average pore size of the catalysts were measured at —196 °C using
a Micromeritics ASAP 2020 analyzer. Field emission scanning elec-
tron microscope (FE-SEM, Hitachi SU-8010) and the equipped
energy dispersive spectroscopy (EDS) were used to identify the
morphology and element distribution of the catalysts. X-ray pho-
toelectron spectroscopy (XPS) experiments were performed on an
ESCALAB 250 photoelectron spectrometer (ThermoFisher Scien-
tific, USA) with an Al K (hv=1,486.6 V) as the X-ray source, and
the shift of binding energy was calibrated using the Cls level at
284.6€V as an internal standard. Temperature programmed desorp-
tion (TPD) of NH; was carried out on a dynamic-flow gas sorption
instrument (Quantachrome ChemBet 3000). Pyridine adsorption
infrared spectrum (Py-IR) measurements were conducted on a
Nicolet 6700 Spectrometer. Specifically, the sample disk was pre-
treated under vacuum at 350 °C for 2 h to remove physisorbed water:
After cooling to room temperature, pyridine vapor was introduced
into the IR cell for 1h, and then wafer evacuations were performed
at 150 °C for 0.5 h for spectral acquisition.
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Table 1. The composition of the fresh, poisoned and regenerated catalysts (wt%)
Catalyst Ti \% Mo As Si Al S K Na Fe Ca 0]
Fresh catalyst 52.85 1.49 3.06 - 0.57 0.20 - 0.01 0.11 0.15 0.39 41.17
Poisoned catalyst 51.38 1.45 3.02 1.48 1.18 0.56 0.09 0.04 0.10 0.29 0.36 40.05
Washed catalyst 52.39 1.35 2.90 0.58 1.18 0.56 0.03 0.02 0.08 0.27 0.33 40.31
Reduced catalyst 52.45 1.34 2.89 0.08 117 0.55 0.02 0.02 0.07 0.25 0.30 40.86
Regenerated catalyst 52.45 1.34 2.89 0.08 1.17 0.55 0.02 0.02 0.07 0.25 0.30 40.86
_ 100 Table 2. Surface areas and pore structures of the catalysts
=
E‘:‘ / Catalyst sample Sser (m?/g) Dy (nm)  V,, (cm’/g)
R/ 7/ Fresh catalyst 72.6 17.7 0.32
é //// 7, — 7 Poisoned catalyst 52.7 20.1 0.21
Yy 7 7// // Washed catalyst 636 144 023
2 | O 1 Reduced catalyst 644 157 0.25
2 20k V7 7 / % // Regenerated catalyst 69.7 16.7 0.25
E 7/ A 7
(&@W‘;\ o & & a\‘N‘:\ o during thfe rege.nferatmp process, oorrespondj.ng to the unp?ovement
S ¢ e \}d,_ﬁc A of catalytic activity (Fig. 3). Although alkali metals, alkaline earth
5 o i e %e%e“e‘ metals, and sulfur species would also cause deactivation of the cat-

Fig. 3. The NO conversion efficiency of the fresh, poisoned and re-
generated catalysts.

RESULTS AND DISCUSSION

1. Catalytic Activity

The elemental compositions of the fresh, arsenic poisoned and
regenerated catalysts based on the XRF analysis are given in Table
1. The NH,-SCR activities of these catalysts are shown in Fig. 3.
The fresh catalyst was highly active, and the denitrification efficiency
was up to 95.5% at 350 °C, in accordance with the V and Mo load-
ings of 1.49 wt% and 3.06 wt%. Note that no arsenic species were
detected on the fresh catalyst, while a high percentage of As 1.48
wt% was found in the poisoned catalyst with a slight decrease of V
and Mo loading, thus resulting in a sharp decrease of denitrifica-
tion efficiency to 72.9%. It could be easily observed that the regen-
eration method had a significant effect on the compositions and
activities of the catalyst samples. 60.8% As was removed in the
ammonia washing process and the washed catalyst achieved 86.1%
denitrification efficiency. It is notable that the V and Mo contents
were further decreased to 1.35wt% and 2.90 wt%, indicating that
ammonia washing would cause a little loss of V,0; and MoO..

Compared with the washed catalyst, a further remarkable decrease
in As content of 0.08 wt% was observed in the reduced catalyst.
However, corresponding denitrification efficiency was slightly de-
creased to 84.5%, indicating that H, reduction treatment would
lead to the loss of active sites. This phenomenon will be explained
by the following characterization results. After the last calcination
stage, the catalyst exhibited a significant increase in the denitrifica-
tion efficiency of 92.7%, close to the fresh catalyst. The results indi-
cated a feasible regeneration of V,05-MoO,/TiO, catalyst by the
proposed method.

In summary, the arsenic species were significantly decreased

alyst, their content was relatively low and varied little in these cata-
lysts. Hence, the enrichment of arsenic species on the catalyst mainly
contributed to the deactivation of the catalyst, and the regenera-
tion of the catalyst should mainly focus on the variation of arsenic
species and active constituents of the catalysts.

2. Morphology and Structural Characteristics

Table 2 gives the textural properties of the fresh, poisoned and
regenerated catalysts. Compared with the fresh catalyst, the BET
surface area (Sgzr) and pore volume (V) of the poisoned catalyst
reduced sharply, while the average pore diameter (D,,.) increased.
This could be explained by the channel blocking effect [24]. In the
regeneration process, the BET surface area and pore volume of the
catalyst samples were improved after the successive ammonia wash-
ing, H, reduction, and air calcination treatment.

FE-SEM characterization was used to investigate the surface
morphology of the catalysts, and the results are displayed in Fig. 4.
As shown in the area circled by the red dotted line in Fig. 4(b),
compared with the fresh catalyst, a significant number of porosi-
ties disappeared in the poisoned catalyst. Moreover, based on the
EDS mapping results in Fig. 4(f), the arsenic species were observed
uniformly dispersed on the surface of the poisoned catalyst. The
results could be explained by the fact that the impurities, especially
the gaseous arsenic species, diffused into the pore channels and
clogged the micropores of the catalysts, thus resulting in the aggre-
gation of particles and the loss of active sites [25]. Upon a succes-
sive of washing and thermal treatment, the particles were loosely
stacked and formed a rough surface, demonstrating that the regener-
ation method could effectively eliminate the sediments deposited
on the catalyst surface and recover the catalytic activity [26].

3. Surface Acidity

The NH; adsorption capacity of the catalysts, which plays a crit-
ical role in the SCR reaction, is found to be strongly correlated
with the surface acidity of the catalysts [12,27]. NH,-TPD analysis
was performed to characterize the surface acidity of the five cata-
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Fig. 4. FE-SEM images of (a) fresh catalyst, (b) poisoned catalyst, (c) washed catalyst, (d) reduced catalyst, (e) regenerated catalyst; EDS map-
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Fig. 5. NH;-TPD profiles of the catalysts.
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lyst samples (see Fig. 5). All catalysts exhibited an NH; desorption
peak centered around 250 °C, which could be ascribed to the
medium-strong acid sites of the catalysts [14]. Combining the
BET surface area data in Table 2 with the profiles in Fig. 5, it could
be found that as the BET surface area was significantly reduced,
the desorption peak area was also reduced. The decrease in BET
surface area was due to blockage of micropores on the catalyst sur-
face and agglomeration of arsenic species, which also covered the
acidic sites on the catalyst surface. When the catalyst was regener-
ated step by step, the blockage and agglomeration were gradually
removed, and the BET surface area of the catalyst was also im-
proved, which led to a gradual recovery of the acidic surface sites
and an increase in the NH; desorption peak area. Note that after
the reduction treatment, the content of As in the obtained reduced
catalyst showed an obvious decline (Table 1), and the BET surface
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Fig. 6. Py-IR spectra of catalyst samples recorded at 150 °C. (a) fresh
catalyst, (b) poisoned catalyst, (c) washed catalyst, (d) reduced
catalyst, (e) regenerated catalyst.

area was also increased (Table 2), whereas the NH; absorption peak
area of the reduced catalyst was decreased. This may be due to the
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Table 3. Py-IR semi-quantitative results of catalysts
Chewi Cyy C

1 Lewis ‘Bronsted total
Catalyst samples (umol/m?)  (umol/m®)  (umol/m’)
Fresh catalyst 3.16 0.40 3.56
Poisoned catalyst 0.72 0.67 1.39
Washed catalyst 2.10 0.48 2.58
Reduced catalyst 1.62 0.75 2.37
Regenerated catalyst 2.90 0.43 333

imbalance of V valence states in the active phase caused by reduc-
tion treatment, which will be confirmed by XPS results.

The nature of acid sites on different catalysts was further eluci-
dated by Py-IR characterization (Fig. 6). The bands at 1,445 cm™'
and 1,604 cm™ were assigned to Lewis acid (L) sites, and the bands
at 1,539 cm™ and 1,643 cm™ were ascribed to the Bronsted acid (B)
sites [28-30]. For a better presentation, the concentration of acid
sites on the catalyst samples was evaluated by the peak areas of
1,539 cm™* for Bronsted acid and 1,445cm™ for Lewis acid [31,
32]. As shown in Fig. 6 and Table 3, the Lewis acidity of the poi-
soned catalyst dropped sharply, whereas the Brensted acidity in-
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v
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Fig. 7. XPS spectra of (a) As 3d, (b) V 2p3/2 and (c) O 1s for different catalysts.
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creased slightly. This could be because arsenic species covered the
V=0 site and strongly inhibited the Lewis acidity [33]. In addi-
tion, the formed As-OH moieties would provide additional Bren-
sted acid sites and slightly increased the adsorption capacity of NH,
[17]. Although a slight increase of the Brensted acidity quantities
was observed in the poisoned catalyst, the total acid sites in the
sample were significantly weakened, which was the main reason
for the deactivation of the poisoned catalyst. After ammonia wash-
ing, the Lewis acidity and total acidity increased, while a down-
trend was observed on the Brensted acidity. Thus, the washed
catalyst exhibited a larger amount of entire acid sites than the poi-
soned catalyst, corresponding to a notable improvement of cata-
lyst activity. It could be observed that the Lewis acidity of the reduced
catalyst was suppressed, while its Brensted acidity was enhanced,
which could be explained by the dehydrating effect caused by the
reduction treatment, i.e., V=0 (Lewis acid sites) transformed into
V-OH bond (Brensted acid sites) [34]. Finally, the Lewis acidity
and Brensted acidity restored to the normal level through the cal-
cination process, and the amount of total acid sites (3.33 umol/m?’)
on the regenerated catalyst reached a level similar to the fresh sample
(3.56 umol/m?).
4. Chemical States Analysis

XPS technique was used to explore the surface information of
atomic content and chemical environment in the catalysts. Accord-
ing to previous work, the peak located at 45.5 eV was attributed to
As™ and peak located at 46.5 eV was assigned to As”* [18]. In Fig.
7(a) the concentration of As™ in the poisoned catalyst was higher
than that of As™, and after ammonia washing, the total concentra-
tion of arsenic on the catalyst decreased, but the proportion of
As™ increased. This may be attributable to the disproportionation
reaction of As’* under alkaline conditions producing As™ and As’
[35]. In Table 4, the total atomic concentration of As in the poi-
soned catalyst was 2.2 at% by XPS, and the As removal efficiencies
after the washing and thermal treatment were 56.3% and 100%,
respectively. Nevertheless, about 0.08 wt% As was detected in the
regenerated catalyst through the XRF analysis. The different results
between XPS and XRF analyses should be ascribed to the fact that
XPS analysis only indicated the surface atomic content of the cata-
lysts, which also suggested that arsenic species accumulated in the
catalyst channels were more difficult to remove than the surface-
exposed arsenic species [20].

Fig. 7(b) shows the high-resolution XPS spectra of the V 2p3/2.
Three different valence states of vanadium species could be ob-
served in all catalysts, i.e., V** centered at 5164-517 eV, V*" at 515.7-

Table 4. XPS results of the fresh, poisoned and regenerated catalysts

516.2eV and V** at 515.2-515.7 eV. Combining the V 2p3/2 spec-
trum with Fig. 3, the catalytic performance of each catalyst fluctu-
ated with the amount of high-valence vanadium (V**). This phe-
nomenon seems to verify the importance of the high-valence vana-
dium on the SCR activity of the catalysts. According to the previ-
ous view, the acidity of the catalyst strongly depended on the
specific (V**+V**)/V*" ratio and played a decisive role in the ad-
sorption capacity of ammonia [36]. For a detailed analysis of high-
and low-valent vanadium, the casaXPS software with Shirley back-
ground was employed to quantify the relative amount of V>, V*,
and V**. Compared with the fresh catalyst, the relative amount of
V* and V** in the poisoned catalyst increased by 32.13% and 8.56%,
respectively (Table 4), causing the disequilibrium of electron trans-
fer among V**, V** and V** [36-38]. More importantly, the atomic
concentration of active vanadium species (V") decreased by 40.68%
due to the coverage of arsenic species on the catalyst surface. These
contributed greatly to the deactivation of the poisoned catalyst.
After the washing process, the relative amount of V>* and V** was
slightly lowered by 7.98% and 10.4%, respectively, while the sur-
face vanadium concentration increased from 0.54 at% to 0.85 at%.
This could be explained by the fact that the ammonium solution
removed most arsenic species on the catalyst surface. It is theoreti-
cally acknowledged that the catalytic activity should be improved
with the further increase of surface vanadium concentration in the
H, reduction process. However, the denitrification efficiency exhib-
ited in the experiment decreased slightly. Note that in Fig. 7(b) and
Table 4 the ratio of (V**+V>")/V*>" in the reduced catalyst increased,
indicating that the high-valence vanadium was partially reduced
to a low-valent state, destroying the valence balance of vanadium.
Furthermore, the importance of the equilibrium of the vanadium
valence state to the catalytic denitrification capacity was confirmed.
The XPS results also supported our inference in the NH,-TPD
section and were consistent with the Py-IR results. Finally, when
the (V*+V*")/V"" ratio of the catalyst after calcination almost recov-
ered to the level of the fresh catalyst, its catalytic activity also in-
creased to a comparable level to fresh catalyst as expected.

The deconvoluted O 1s XPS spectra of the catalysts are plotted
in Fig. 7(c). All catalysts showed two distinct sub-bands. The O 1s
binding energy located at 529.7 eV could be assigned to lattice oxy-
gen (denoted as Op), and the binding energy at 531.2 eV belonged
to surface adsorbed oxygen (denoted as O,) [39]. It has been well
established that the surface adsorbed oxygen was more active than
the lattice oxygen due to its higher mobility [40]. Accordingly; the
high percentage of O,/(O,+O) would promote the oxidation of

V 2p core level O 1s core level Surface atomic concentration (at%)
Catalyst sample Vo v V3 o) o)
V4V IV “ 7 0/(0,40 A \%
w o o VIV ey @y OO0 :

Fresh catalyst 59.53 2834 12.12 0.67 4575 54.25 0.45 - 1.02
Poisoned catalyst 1885 60.47 20.68 4.30 30.09 69.91 0.30 2.2 0.54
Washed catalyst 3723 5007 12.70 1.68 36.04 63.96 0.36 0.96 0.85
Reduced catalyst 29.02 5266 18.32 244 30.73  69.27 0.30 - 0.96
Regenerated catalyst  59.92 2797 1211 0.66 41.78 58.22 041 - 0.96
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Fig. 8. Proposed regeneration mechanism of the arsenic poisoned

catalyst.

NO, thus facilitating the “fast SCR” reaction, enhancing the SCR
performance [21]. According to Table 4, the ratio of O,/(O,+Op)
of the poisoned catalyst was lowest 0.30 and improved through
the successive regenerating treatment. The only anomaly was that
the ratio of reduced catalyst was lower than that of ammonia washed
catalyst, which was due to the reaction of surface adsorbed oxy-
gen with reducing agent H, to produce water.

PROPOSED REGENERATION MECHANISM

Based on the above results, it could be concluded that the deac-
tivation of arsenic poisoned catalyst mainly resulted from the cov-
erage of active vanadium sites and the valence imbalances. Our
proposed regeneration method exhibited a remarkable superiority
in improving the SCR performance. To interpret the effect of the
treatment method on the property of the poisoned catalyst, a detailed
regeneration mechanism was proposed. As shown in Fig. 8, the
channels and surfaces of the poisoned catalyst were covered by the
arsenic species, which was consistent with our BET surface area
data. Moreover, the ratio of the active ingredient V** to total vana-
dium content in the catalyst was low. In this case, NO was diffi-
cult to react with NH,. After the ammonium washing process, most
of As could be removed, and V* (V**) was partially oxidized to
form the active ingredient V**, which could be supported by XRF
analysis and XPS results. Compared with other cleaning solutions,
such as NaOH and KOH, the advantage of ammonia washing was
the absence of secondary poisoning by the introduction of the
alkali metal (Na or K) [20]. After that, the As residue, especially at
the innermost part of the porous channels, was effectively removed
by H, reduction (confirmed by XRE As 3d spectrum of XPS), but
the concentration of the Lewis acid site was lowered by the reduc-
tion of V** to V*(V**) (confirmed by V 2p3/2 spectrum of XPS).
Finally, the post-calcination treatment promoted a further recov-
ery of the (V"*+V**)/V*" ratio to the level of the fresh catalyst, which
could be supported by XPS results. The main reactions occurring
during ammonia washing, H, reduction, and air calcination are
given below in the form of chemical equations.

Ammonia washing:

3As,05+4NH,-H,0=3As,05+2N,+10H,0 @)
As,0,+2NH,- H,0=2As+N,+5H,0 3)
H, reduction:

As,0,+3H,=2As+3H,0 )
As,0;+5H,=2As+5H,0 (5)
V,0,+H,=2VO,+H,0 6)
V,0,+2H,=V,0,+2H,0 @)
V,0s+H,+3H,0=2V(OH), (8)
V,05+2H,+H,0=2V(OH), )
Air calcination:

Asy—>Asy (10)
4V0,+0,=2V,0;, (11)
V,0;+0,=V,0; (12)
4V(OH),+0,=2V,0,+8H,0 13)
2V(OH);+0,=V,05+3H,0 (14)

The removal efficiency of surface and total arsenic species was
100% and 94.8%, respectively, which was significantly higher than
previously reported regeneration methods [20,21]. As a result, the
regenerative process recovered the catalyst activity to more than
96% of the fresh catalyst. These characteristics indicated that the
proposed method offered an efficient way to deal with the arsenic
poisoned SCR catalyst.

CONCLUSION

Arsenic is an effective poison for V,05-MoO,/TiO, SCR cata-
lysts, resulting in the catalyst deactivation in two aspects: reducing
the number of Lewis acidity and disturbing the valence balance of
V element. A novel method of ammonia washing - H, reduction -
air calcination was developed to regenerate the arsenic poisoned
catalyst from coal-fired power plants. The activity test results showed
that the proposed method could recover to 96% primary activity
of the fresh catalyst. In addition, the characterization results showed
that the regeneration method removed the arsenic species effec-
tively, recovered the (V**+V**)/V** ratio and increased the Lewis
acidity and O,/(O,+O) ratio, which improved the catalytic activ-
ity of the regenerated catalyst and made it similar to the fresh cata-
lyst. It is believed that this technology could offer a feasible strategy
for the regeneration of arsenic poisoned commercial SCR catalysts.
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