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ARTICLE INFO ABSTRACT

Keywords: In this paper, the mercury oxidation performance of KCI or K>SO, poisoned V,0s/WO3-TiO, catalysts was in-
SCR catalyst vestigated. And the poisoned samples were prepared by the incipient-wetness impregnation method. The effects
KCl of temperature, catalyst poisoning degree and flue gas composition on the catalyst oxidation were investigated

52_504_ respectively. Results demonstrated that C1~ and SO~ doped catalysts would mitigate the effect of catalyst
N;::gs;ng potassium poisoning on the mercury oxidation. Further research on BET and XRD demonstrated that the cata-
Deactiv};tion lysts surface did not change significantly after KCl and K»,SO4 poisoning. Deactivation on physical side was not

the main root cause leading to catalyst deactivation. Hg-TPD (Hg temperature-programmed desorption) results
showed that the acidic sites formed by SO4%~ could promote the adsorption of Hg® on the catalysts surface. XPS
results showed that both C1~ and SO42~ could promote the formation of surface active O,. Based on the ex-
perimental results and analysis, the KCl and K,SO,4 poisoned V,05/WO;-TiO, catalysts mechanism on mercury

oxidation was derived.

1. Introduction

Mercury is a topic heavy metal pollutant which, once leaked into the
atmosphere, would expand in the human body and destroy the nervous
and immune system [1,2]. Due to the high mercury content in coal,
coal-fired power plants are considered to be one of the largest sources of
mercury emissions [3]. There are three forms of mercury (elemental
mercury (Hg®), particulate mercury (Hg"), divalent mercury (Hg?")) in
the coal-fired flue gas [4,5] where Hg® is difficult to be removed be-
cause it is water insoluble and has high volatility [6,7]. The SCR (Se-
lective Catalytic Reduction) system is the main device for removing
nitrogen oxides and oxidizing elemental mercury in the coal-fired
power plants. When the flue gas passes through the SCR catalysts, most
of the Hg® will be oxidized to Hg?* and Hg®* will be removed by the
desulfurization slurry in the WFGD [8,9]. SCR catalysts are the core of
the SCR system and the commercial catalysts based on V,05/WO3-TiO,
are most widely used in the coal-fired power plants [10-12]. Since the
SCR catalysts are operating under high temperature and high dust for a
long time, they will gradually be poisoned and then deactivated. As a
result, the oxidation efficiency of mercury will also reduce accordingly.

In order to reduce the cost of power generation and the emission
control of NO, and SO, [13,14], many power plants replace a certain
proportion of biomass into coal as the fuel source. However, the de-
activation rate of SCR catalysts will increase in these power plants.
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Previous study showed that [15] its deactivation rate was 2—4 times
higher than that of coal-fired power plants, which was mainly caused
by potassium in the flue gas. The potassium is mainly present in the
form of KCl and K,SOy4 in the flue gas emitted from the biomass-burning
power plants [16,17]. Zheng et al. [18] investigated the effects of KCL
and K,SO,4 on commercial vanadium-based catalysts in the laboratory.
They found that the potassium salt in the flue gas would block the pores
and occupy the Brgnsted acid sites on the catalyst surface, thus causing
the deactivation of NO reduction. However, few researchers have stu-
died the effect of KCl and K,SO,4 poisoning catalysts on mercury oxi-
dation. In fact, due to the existence of KCl and K,SO, in the catalysts,
K* will occupy the active sites on the catalysts surface and result in the
decrease of the mercury oxidation efficiency, but the different anions
Cl~ and SO~ may benefit. Zheng [18] and other researchers found
that when KCI was deposited on the catalyst surface, K was then com-
bined with the Brgnsted acidic sites and C1~ was also adsorbed on the
catalyst surface [19,20], which might promote the oxidation of Hg® by
the SCR catalyst. Zhao et al. [21] found that the addition of S042~
could enhance the strong acidity and redox properties of the catalyst,
which might have a certain promoting impact on the mercury oxida-
tion. The study on mercury oxidation by SCR catalysts with KCl and
K5SO, deposited on the surface has important guiding significance for
future study of anti-K poisoning catalysts and the arrangement of SCR
catalysts in coal-fired power plants.
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In this study, the commercial V,05/WO3-TiO, catalysts were im-
pregnated with KCl and K,SO, aqueous solution to emulate the SCR
catalyst poisoning process [16,22,23]. We investigated the deactivation
performance of mercury oxidation over KCI or K,SO4 poisoned samples
respectively. The effects of catalyst poisoning on surface morphology
were characterized by XRD and BET. Finally, the mechanism on mer-
cury oxidation was detailed after Hg-TPD and XPS tests.

2. Materials and methods
2.1. Catalysts preparation

The catalysts employed in this study were commercial SCR catalysts
V505/WO3-TiO, (denoted as V/W-Ti) with V,05 (1.9%) and WOs3
(6.5%). The fresh catalysts were ground and sieved to 20-60 mesh
before experiments.

The KCl and K,SO, poisoned samples were prepared by the in-
cipient-wetness impregnation method. The detailed steps are as follows:
firstly, KCI or KoSO4 was mixed into the deionized water to prepare the
solution with the K* concentration of 1%, 3% and 5% respectively;
then the catalysts were immersed in KCl or K,SO, solution and the
volume of the impregnation solution was determined based on the
water absorption (measured in the lab) of the catalysts; finally, the
impregnated catalysts were stirred for 6 h and dried at 110 °C for 12 h,
after that, calcined at 350 °C for 3 h in the air.

KCI poisoned catalysts were denoted as KxCV/W-Ti or KxC and
K,SO, poisoned catalysts as KxSV/W-Ti or KxS, where X represents the
concentration of K in the solution. For example, K1CV/W-Ti re-
presents the sample impregnated with 1% KCl aqueous solution.

2.2. Catalyst characterization

The K,0 content within the samples surface was benchmarked by
XRF-1800 of Japanese Shimadzu. And the X-ray tube uses Rh target at
rated power of 4 Kw, the test element range is B-H. All the prepared
samples were characterized by XRF, and the K,O content of the samples
on the surface was listed in Table 1. When Samples were treated by KCl
and K,S0, solutions with the same K* concentration, the K,O content
on the catalysts surface were also basically the same. That illustrated
they had the same potassium poisoning degree. The powder X-ray dif-
fraction (XRD) patterns of the samples were measured by Empyrean of
PANalytical B.V., operating at rated power of 9 Kw with Cu-Ka radia-
tion. The BET surface area, pore size and pore volume were measured
by N, adsorption at 77 K using ASAP 2020 of MICROMERITICS. Ele-
mental valence of the sample surface was measured by XPS and the
binding energy was referenced according to the C 1s standard peak at
284.8 eV.

2.3. Catalyst performance test

The experiment system of Hg® removal is shown in Fig. 1. The ex-
periment system includes 4 parts: (1) the simulated flue gas unit; (2) the
Hg0 vapor generator unit; (3) the fixed bed reactor; (4) the Hg° monitor
unit. The simulated flue gas unit was composed of O,, N,, NO, NH3,
HCl, SO, and corresponding mass flow meters. The Hg® vapor generator
unit mainly controlled the concentration of Hg® by the temperature of
water bath and the Hg® vapor was carried by N, to the reactor. The
fixed bed reactor comprised a vertical tube furnace and a quartz re-
actor, and the SCR catalyst powder was fixed in the quartz reactor. The

Table 1

The content of K,O on catalyst surface (wt%).
Samples V/W-Ti K1C K3C K5C K18 K3S K5S
Content 0 0.739 1.746 2.313 0.747 1.737 2.489
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Hg® monitor unit consisted of an online mercury analyzer (VM3000,
Germany) and a connected computer that continuously monitored the
Hg° concentration at the outlet.

In this paper, the total flow rate was 1 L/min and the Hg® vapor
concentration is about 90 < mu > g/m>. The oxidation temperature
is 200-500 °C. 0.35 g sample was fixed in the reactor during each test
and the space velocity is 75377 h™ . The removal efficiency of Hg® is
calculated by the formula (1):

(Hg)-Hgd)/Hgd, x 100% €]

DNremoval =

where Niemovar is the Hg® removal efficiency, Hgd, is the Hg® con-
centration in the inlet and Hg2, is the Hg® concentration in the outlet.

The test of Hg-TPD (Hg temperature-programmed desorption) is as
below: (1) 0.35 g sample was placed in the reactor for adsorption at the
atmosphere of 6% O, (carrier gas: N,) and the temperature of 350 °C.
The total flow rate was 1 L/min and the Hg® vapor concentration was
90 < mu > g/m3; (2) sweep of the sample with pure N, (1 L/min) for
30 min; (3) TPD measurement was conducted from 50 °C to 700 °C at a
rate of 10 °C/min. Hg® is detected by VM 3000.

3. Results and discussion
3.1. The NO conversion performance of SCR

The SCR performance was investigated through NO conversion ex-
periment. Fig. 2 shows the NO conversion over V/W-Ti, K1SV/W-Ti,
K3SV/W-Ti, K5SV/W-Ti, K1CV/W-Ti, K3CV/W-Ti and K5CV/W-Ti
catalysts at different temperatures ranging from 200 °C to 500 °C. The
fresh V/W-Ti catalyst showed the highest NO conversion rate peaking at
82.46%. With the increase of the content of KCl or K,SO, doping on the
catalysts surface, it was obvious that the NO conversion dropped. NO
conversion of K5SV/W-Ti and KSCV/W-Ti was even less than 10% at all
temperatures. However, the NO conversion of KCl poisoned catalyst
was significantly lower than that of K;SO,4 poisoned catalyst for the
same K content on the surface, because SO,2~ doped on the catalyst
surface would improve the redox performance of the catalyst [21].

When KCI or K,SO, was doped on the catalyst surface, a portion of
active sites would be occupied, resulting in a severe poisoning of the
catalyst. Different potassium salts on the catalyst surface would result
in different deactivation of the V/W-Ti catalysts.

3.2. Hg® removal performance

3.2.1. The effect of temperature

Fig. 3 shows the Hg® removal efficiency of V/W-Ti, KISV/W-Ti and
K1CV/W-Ti at 200 °C, 300 °C, 350 °C, 400 °C and 500 °C respectively
with a duration time of 12 h. As expected, when the reaction tem-
perature raised from 200 °C to 500 °C, the mercury oxidation efficiency
of V/W-Ti and K1CV/W-Ti increased before reduced afterwards. Im-
portantly, when the temperature was between 350 and 500 °C, the
mercury oxidation efficiency of all catalysts was above 80%. K1CV/W-
Ti with the low degree of KCl poisoning showed the mercury oxidation
efficiency slightly lower than that of V/W-Ti. In respect of the K1SV/W-
Ti, the mercury oxidation efficiency was 83.46% at the temperature of
200 °C, which was significantly higher than the efficiency of V/W-Ti.
This was due to the acid sites formed by SO4>~ promoting the ad-
sorption of Hg® at low temperature. The efficiency rose to 89.37%,
91.95%, 91.2% as the temperature increased to 350 °C, 400 °C, 500 °C
respectively, which was also higher than the efficiency of V/W-Ti. This
was because that the SO,>~ manifested the strong redox performance at
the high temperature which could facilitate the oxidation of mercury.

3.2.2. The effect of K poisoning degree
Fig. 4 shows the mercury removal efficiency of fresh catalysts (V/W-
Ti) and poisoned catalysts (KxSV/W-Ti, KxCV/W-Ti) at 350 °C. As for
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Fig. 1. Experiment system of Hg removal.

—a— V/W-Ti —e— K1CV/W-Ti —4—K1SV/W-Ti—e— K3CV/W-Ti

1 00+ K3SV/W-Ti ——K5CV/W-Ti—e— K5SV/W-Ti

B (o)) [ele]
(=] (=] (=]
Ll Ll Ll

NO conversion(%)

[
(=)
Ll

200 250 300 350 400 450 500
Temprature(°C)

Fig. 2. NO conversion over different catalysts and various temperature (reac-
tion conditions: N, as balance gas, 6% O,, 400 ppm NO, 400 ppm NHj,
GHSV = 52736 h™ ).

KxCV/W-Ti, it was clear that the mercury oxidation efficiency de-
creased with the KCI poisoning degree increased, because K* occupied
the acid sites on the catalyst surface. In respect of KxSV/W-Ti, both
K1SV/W-Ti and K3SV/W-Ti maintained a high oxidation efficiency
with K3SV/W-Ti achieving 94%. It suggested that a slight K,SO4 poi-
soning could favor the oxidation of mercury due to the SO,>~ doped on
the catalyst manifesting strong redox performance at high tempera-
tures. However, as the degree of K,SO,4 poisoning increased further, the
mercury oxidation efficiency of K5SV/W-Ti ended up dropping to 17%.
In this case, most acid sites on the catalyst surface were occupied,
which greatly mitigated the adsorption of HCl and Hg® on the surface.

3.2.3. The effect of reaction time
Fig. 5 shows the mercury removal efficiency at the first 50 min of
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Fig. 3. Hg® oxidation over V/W-Ti, K1SV/W-Ti, K1CV/W-Ti catalysts at dif-
ferent temperature (reaction conditions: N, as balance gas, 6% O, 12 ppm HCl,
GHSV = 75377 h™1).

K1,3SV/W-Ti and K1,3CV/W-Ti at 350 °C. The results showed that the
oxidation efficiency of K1CV/W-Ti, K1SV/W-Ti and K3SV/W-Ti in-
creased gradually with time until they reached steady state. Among
them, K1CV/W-Ti delivered higher oxidation efficiency in the initial
transient. This was because that when KCl was loaded on the surface of
K1CV/W-Ti, the generated HCl was adsorbed on the catalyst surface
[19], so that the HCI concentration on the surface was higher than that
on K1SV/W-Ti and K3SV/W-Ti. K3CV/W-Ti achieved the highest effi-
ciency within the initial period with much HCIl loaded on the surface,
which the oxidation efficiency gradually decreased with time until it
was stable because of the HCl consumption within the surface. K3SV/
W-Ti had the highest increasing rate, which indicated that SO4>~ on the
surface of K3SV/W-Ti manifesting strong acidity. Previous study [24]
found that Hg® could be adsorbed on different acid sites on the catalyst
surface, so SO42~ could promote the adsorption of Hg® on the catalyst
surface.
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(reaction conditions: N, as balance gas, 6% O, 12 ppm HCI,
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Fig. 5. Hg oxidation over K1,3SV/W-Ti, K1,3CV/W-Ti catalysts at the begin-
ning 50 min (reaction conditions: N, as balance gas, 6% O,, 12 ppm HCI,
GHSV = 75377 h™1).

3.2.4. The effect of HCI, NO, NHs, SO, and H,0 on Hg® oxidation

Fig. 6 shows the effect of HCl, NO, NHs, SO, and H,0 on Hg® oxi-
dation over catalysts. When only 6% O, was introduced to the flue gas,
the mercury oxidation efficiency of V/W-Ti was 45.93%. This process
mainly followed Mars-Maessen mechanism and O, could facilitate the
lattice oxygen on the catalyst surface [25]. For K1CV/W-Ti, the effi-
ciency was only 35.1% due to the K occupying the acidic sites on the
catalyst surface which led to the Mars-Maessen process being sig-
nificantly inhibited. For K1SV/W-Ti, the efficiency was 44.83% which
was higher than K1CV/W-Ti. In this case, SO4>~ on the catalyst surface
would promote the adsorption of Hg®. In the meanwhile, HgSO, might
also be formed on the surface.

When NO and O, were introduced in the flue gas, the mercury
oxidation efficiency of catalysts was promoted to some extent. Previous
study [26] showed that NO in flue gas would be accumulated within
SCR catalyst surface and form a nitrogen-containing complex which
promoted the oxidation of Hg®. The main reaction process is described
as below:

Hg%ad) + NO,(ads) — NO + HgO(ads) (2)
Hg%Cqs) + 2NOy(ads) + O, — Hg(NO3), €)
Hg%gs) + 2NO(ads) + 20, — Hg(NOs), &)
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Fig. 6. Effect of HCl, NO, NH3, SO, and H,O on Hg° oxidation over V/W-Ti,
K1SV/W-Ti and K1CV/W-Ti catalysts (reaction conditions: N, as balance gas,
GHSV = 75377 h™").

When HCl and O, were introduced in the flue gas, the oxidation
efficiency of V/W-Ti, KICV/W-Ti and K1SV/W-Ti were all above 84%.
The catalysts mainly followed the Langmuir-Hinshelwood mechanism,
where HCl would interact with the lattice oxygen on the surface
forming a Cl active site [27]. Then Hg® adsorbed on the catalyst surface
would be oxidized by the Cl active site to HgCl,. The generated HgCl,
would be released to the flue gas afterwards.

When NH; and O, were introduced in the flue gas, the oxidation
efficiencies of three catalysts were significantly reduced, because that
NH; would occupy the acidic sites on the catalyst surface [28,29],
thereby inhibiting the oxidation process of mercury by the catalyst.
Besides, the strong acidic sites formed by SO4>~ on the surface of
K1SV/W-Ti would also be occupied.

When SO, and O, were introduced in the flue gas, SO, significantly
inhibited the mercury oxidation. When 400 ppm SO, was added, the
efficiencies decreased by 7.5%, 6.8% and 4.0% respectively. While the
SO, was increased to 800 ppm, the efficiency decreased by 12.3%,
13.5% and 10.9% respectively. Previous research pointed out that [28]
SO, would be oxidized on the catalyst surface, which would compete
with the oxidation of Hg®, thereby reducing the oxidation efficiency of
elemental mercury.

H,0 plays an important role in oxy-system coal cumbustion as re-
ported in our previous study [30,31] and it also has an influence on
mercury oxidation. When H,O and O, were introduced in the flue gas,
the inhibition of mercury oxide over the catalysts was more noticeable
than that of SO, and O,. The main reason may be that H,O would
compete with mercury for the same active sites on the catalyst surface
[32].

3.3. Characterization of catalysts

3.3.1. BET results

Table 2 shows the pore size distribution of the different catalysts. It
can be concluded that when different potassium salts (KCl and K,SO4)
were supported on the V,05/WO3-TiO, catalyst, the BET surface area,
pore volume and average pore diameter were slightly reduced com-
pared with the fresh catalyst. At the same time, with the KCL and K,SO4
loaded on the catalyst surface increased, the BET surface area and pore
volume decreased slightly, and the average pore size did not show a
consistent change. It indicates that when the catalyst was poisoned by
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Table 2
Physical properties of the catalysts.

Samples Sper (m?%/ Total pore volume Average pore diameter
) (cm®/g) (nm)
V/W-Ti 89.52 0.348 16.36
K1CV/W-Ti  88.43 0.343 15.61
K3CV/W-Ti  85.21 0.326 15.32
K5CV/W-Ti  82.67 0.317 15.33
K1SV/W-Ti  88.97 0.334 15.02
K3SV/W-Ti  86.78 0.328 15.12
K5SV/W-Ti  84.87 0.317 14.91
*
doped KCI
+ TiO,
* KCI
—
= *
< .
g N\..J . ¢ " K CV/W-Ti
‘B * *" *
5 \\\J :
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Fig. 7. XRD patterns of different catalysts: (a) V/W-Ti, KCxV/W-Ti; (b)V/W-Ti,
KSxV/W-Ti.

potassium, it would not have a significant effect on its physical pore
structure. The main reason of the change in mercury oxidation effi-
ciency is the different ions deposited on the catalyst surface.

3.3.2. XRD results

Fig. 7 shows the XRD patterns of KxCV/W-Ti, KxSV/W-Ti and V/W-
Ti. Overall the characteristic peaks of the catalysts (except for K5CV/W-
Ti) were nearly the same. The main crystal phase was anatase TiO,, and
no distinguishable KCl, K»SO4, WO3 and V505 characteristic peaks were
identified, which indicates that they were dispersed in the amorphous
form or the small particle crystal phase on the surface of TiO,. For
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Fig. 8. Hg-TPD profiles of catalysts: (a) V/W-Ti, K1,3CV/W-Ti; (b) V/W-Ti,
K1,3SV/W-Ti.

K5CV/W-Ti, a small characteristic peak of KCl was found in the figure
along with that of TiO,, which might be caused by the excessive KCl
content. In conclusion, there was no effect on the diffusion of V,05 on
the catalyst surface when the catalyst was poisoned by KCl or K,SO,.

3.3.3. Hg-TPD results

According to the recent research [33], the adsorption of Hg® on the
catalyst surface was one of the most important steps for the oxidation of
mercury by SCR catalyst. Therefore, a Hg-TPD test was conducted to
investigate the effect of catalyst poisoning on the adsorption of Hg®
within the catalyst surface. Fig. 8 shows the Hg-TPD profiles of V/W-Ti,
K1CV/W-Ti, K3CV/W-Ti, K1SV/W-Ti and K3SV/W-Ti.

As shown in Fig. 8(a), for the V/W-Ti catalyst, mercury was con-
tinuously released from its surface when temperature was higher than
150 °C. A desorption peak was observed at 361 °C. Previous study [29]
had confirmed that Hg® was adsorbed on the vanadium-titanium cata-
lyst surface in the form of Hg-O-V**, and the process is described
below:

Hg(g) + O = V°* — Hg(ads,Hg---0-V**) (5)

Mercury adsorbed on the V/W-Ti catalyst surface may also existed
in Hg---0-V** form. For K1CV/W-Ti and K3CV/W-Ti catalysts, the
mercury desorption peaked at 87.5 °C and 82.5 °C were caused by the
decomposition of weakly adsorbed species [34]; and the mercury
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desorption peaks also happened at 341 °C and 361 °C separately, which
corresponded to Hg~O-V**. As the KCl loaded on the catalyst surface
increased, the desorption peak area at high temperature decreased,
indicating that the amount of Hg® adsorbed on the surface would de-
crease with K* occupying the active site during the process of KCI
poisoning.

As shown in Fig. 8(b), the desorption peaks of K1SV/W-Ti and
K3SV/W-Ti were different from V/W-Ti, which were identified at
213 °C and 200 °C respectively. Previous study [24] reported that Hg°
would adsorb on different acid sites on the catalyst surface, which
provided a plausible explanation for the desorption peaks that was at-
tributed to the mercury on the strong acid sites formed by SO42~. The
peak area of K3SV/W-Ti was higher than that of K1SV/W-Ti, because
the amount of S0, loaded on the surface of K3SV/W-Ti was higher
and hence more acidic sites being formed. At the same time, there was
no peak around 361 °C of K1SV/W-Ti and K3SV/W-Ti, indicating that
Hg® in the flue gas inclined to combine with the 0,2~ formed acid
sites on the catalyst surface. It was also found that K1SV/W-Ti and
K3SV/W-Ti peaked at 625 °C and 648 °C respectively which was at-
tributed to HgSO,4 [35], and it could promote the oxidation of Hg0 on
the surface of K1SV/W-Ti and K3SV/W-Ti.

3.3.4. XPS of Oy,

To further reveal the mechanism, the XPS tests were carried out in
different catalysts, and the results are shown in Fig. 9. The peaks of
each catalyst in the range of 529.3-530.0 eV corresponded to the lattice
oxygen Og on the surface of the catalyst. The peaks in the range of
531.3-532.9 eV corresponded to the weakly bound oxygen and che-
misorbed oxygen O, on the catalyst surface [36]. The O, could greatly
promote the oxidation of Hg°. Therefore, the higher the ratio of O/
(Oq+ Op) in the catalyst, the stronger the ability of the catalyst to
oxidize mercury [37]. As shown in Fig. 9, when KCl was loaded on the
catalyst surface, the O, ratio decreased from 32.00% (V/W-Ti) to
20.85% (K1CV/W-Ti) and 25.47% (K3CV/W-Ti), due to K occupying
the active sites, which was consistent with previous study [23]. How-
ever, the ratio of O, in K3CV/W-Ti was obviously higher than that of
K1CV/W-Ti, which indicated that there were new chemisorbed oxygen
species formed on the surface. They were mainly caused by the HCl that
was generated by the process of KCl poisoning. The reactions between
HCI and vanadium oxides are as follows [38]:

VO, + 2HCl — V(OH),Cl (6)
V205 + 2HC1 - V203(OH)2C12 (7)
V203(OH)2C12 i V02C12 + H20 (8)
V505 + 2HCl — 2 V(OH),Cl ©)
KICVW/Ti A Oo ratio 20.85%
K3CVW/Ti ‘/\ Oo ratio 25.47%
B
\; KISVW/Ti /\ Oo. ratio 25.56%
2
=
a
8 K3SVW/Ti A Oa ratio 36.56%
VW/Ti /\ O ratio 32.00%

526 527 528 529 530 531 532 533 534 535 53
Binding energy(eV)

Fig. 9. XPS spectra of the O, peaks of V/W-Ti, K1,3SV/W-Ti, K1,3CV/W/-Ti.
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It was concluded that when the catalyst was poisoned by KCl, the
formed HCl would combine with the surface lattice oxygen and pro-
mote the formation of O, thereby mitigating the effect of poisoning on
mercury oxidation.

When K,SO,4 was loaded on the catalyst surface, the O, ratio varied
from 32% (V/W-Ti) to 25.56% (K1SV/W-Ti) and 36.56% (K3SV/W-Ti),
which indicated that SO,2~ would also promote the generation of O.
Therefore, it was concluded that when the catalyst was poisoned by
K»S04, the SO42~ on the surface would greatly promote the formation
of Oaq, thereby mitigating the effect of poisoning on mercury oxidation
efficiency.

3.3.5. Mercury oxidation mechanism

Previous research [23] had described the mercury oxidation me-
chanism by the V,05/WO3-TiO, catalyst with O, and HCI present in the
flue gas: First, Hg® and HCl in the flue gas would adsorb on the active
sites on the catalyst surface and form V,05(OH),Cl, and Hg~O-V**,
respectively; they would interact with each other on the catalyst surface
to form stable HgCl,, which was then released to the flue gas; and the
formed V,03(OH), will be oxidized by O, to V,0s.

Fig. 10 shows the mercury oxidation mechanism of KCI and K>SO4
poisoned catalysts. When K was loaded on the surface of catalyst and
occupied the active sites, the adsorption capacity of Hg® and the surface
oxidation capacity were reduced, resulting in the catalyst deactivation.
As shown in Fig. 10(a), when KCl was loaded on the V,05/WO3-TiO,
catalyst, not only would K combine with the Brgnsted acid sites on the
surface, but also the formed HCl would react with the active site and
form V,03(OH),Cl,, thus mitigating the effect of poisoning on mercury
oxidation. As shown in Fig. 10(b), when K»,SO, was loaded on the V,05/
WO;-TiO, catalyst, the S042~ would promote the adsorption of Hg0 on
the surface and the formation of chemisorbed oxygen species, and even
HgSO,4 was formed on the surface.

4. Conclusions

The mercury oxidation performance of KCl and K,SO,4 poisoned
V,05/WO3-TiO, catalysts was investigated in this paper. Mercury oxi-
dation mechanism was derived for KCl and K,SO4 poisoned catalysts
after a series tests of XRD, BET, Hg-TPD, XPS. The key findings are
concluded below:

1. The NO conversion efficiency would decrease as KCl or K»SO4 was
loaded on the catalysts. Besides, the NO conversion efficiency of
KxCV/W-Ti was significantly lower than that of KxSV/W-Ti, because
S04>~ on the catalyst surface improved the redox performance of
the catalyst.

2. When the catalysts were poisoned by KCl, the mercury oxidation
efficiency would decrease. When low amount of K,SO4 (3%) was
loaded onto the catalysts, the oxidation efficiency of Hg® could be
improved. However, the oxidation efficiency of mercury would also
reduce when > 3% K,SO, was loaded.

3. The physical pore structure of the KCl and K>SO, poisoned catalysts
surface did not change significantly, suggesting that KCl and K,SO,4
would cause no physical deactivation of the catalysts.

4. When the catalysts were poisoned by KCl, the K would occupy the
active sites and reduce the adsorption of Hg® on the surface.
However, the generated HCl would be adsorbed on the surface
forming V,03(OH),Cl, that was the intermediate products for the
Hg® oxidation. It would alleviate the effect of catalyst deactivation
on the oxidation of Hg®.

5. When K,SO, was loaded onto the catalyst surface, the $0,42~ would
form strong acid sites on the catalyst surface promoting the ad-
sorption of Hg® and the formation of surface O, and hence the
oxidation of Hg®.
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Fig. 10. Mercury oxidation mechanism:(a) KxCV/W-Ti; (b) KxSV/W-Ti.
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