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Abstract: VMoTi catalyst was prepared separately by impregnation method (IM) and sol-gel method, and the alkali metal K
poisoning of the catalyst was simulated. The X-ray diffraction, BET specific surface area test, NH;-temperature programmed
desorption (TPD), H,-temperature programmed reduction (TPR), and X-ray photoelectron spectroscopy (XPS) methods were used to
analyze the physical and chemical properties of the VMoTi catalyst, and the reaction and deactivation mechanisms of the vanadium-
titanium-based catalyst were discussed. The results show that compared with the catalyst prepared by IM, i.e., VMoTi (IM) catalyst,
the catalyst prepared by the sol-gel method, i.e., VMoTi (Sol-gel) catalyst, has a smaller grain size, a larger specific surface area and
pore volume, a larger amount of surface acid, a stronger redox capacity, and a higher content of V**, Mo*', and surface active oxygen.
Therefore, VMoTi (Sol-gel) catalyst shows a good denitration efficiency stabilized at ~100% in the temperature range of 180~320 °C.
The addition of potassium (alkali metal) leads to catalyst poisoning, and the poisoning effect of the catalysts prepared by different
methods is different. The K salt deposition has a great influence on the denitration efficiency of the VMoTi (IM) catalyst. The VMoTi
(Sol-gel) catalyst has good resistance to K poisoning. Through the characterization of the catalyst, it is found that K salt weakens the
interaction between the active ingredient and the carrier, enhances the intensity of the diffraction peak of anatase TiO,, and reduces the
acidity and redox of the catalyst surface. At the same time, the content of chemical adsorption of oxygen and active metals, such as
V* and Mo*", decreases. These factors are the main reasons of the catalyst inactivity.
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Nitrogen oxides are one of the main atmospheric pollutants,
which mainly cause environmental problems such as acid rain,
photochemical smog, eutrophication of water bodies,
greenhouse effect, and ozone layer destruction?. Due to the
frequent occurrence of smog in recent years, the air pollution
control attracts much attention. A series of NO, emission
standards have been formulated to strictly control the
emission of nitrogen oxides. At present, the most mature fixed
source denitration method is NH;-selective catalytic reduction
(SCR) denitration technique. Its main principle is to use NH,
as a reducing agent to convert harmful nitrogen oxides in flue
gas into harmless nitrogen and water through the action with
catalyst®*,

Catalyst is an important part of SCR system, which
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accounts for more than 20% of the initial construction cost of
SCR system. Its performance directly affects the overall
denitration effect of SCR system. At present, the commercial
VMoTi catalysts usually need to be replaced once every 1~2
years, so the catalyst life determines the operation cost of SCR
system™, As coal is a complex natural substance, which
contains many elements, such as Ca, K, Na, etc., the fly ash
forming after combustion enters the SCR system and is
adsorbed on the catalyst surface, thereby causing the alkali
metal poisoning of catalyst and shortening the catalyst life!”*),
The alkali metal potassium mainly exists in silicate minerals,
and its content is generally higher than sodium content™.
Studying the cause of catalyst alkali metal K poisoning and
prolonging the service life of the catalyst are of great
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significance for reducing the operation cost of SCR system.

At present, the research on catalyst against alkali metal K
poisoning mainly focuses on doping modification. Hu et al'"”
found that the SiO,-doped V,0,/TiO,-SiO, catalyst is
significantly Dbetter than V,0,/TiO, in potassium metal
poisoning resistance. This is mainly due to the preferential
combination of the potassium with the surface acid of V,0,/
TiO,-Si0,, which reduces the toxicity of vanadium species. In
addition, Nb-modified V,0,-Sb/TiO," and Sn-modified
CeSnO " catalysts improve the poisoning resistance of alkali
metal.

There are few studies about the influence of the preparation
method on the poisoning resistance ability of catalyst.
Previous studies showed that the preparation method affects
the distribution of species on the catalyst surface, the type and
number of surface active sites, the adsorption and activation
of the reaction gas, and the catalyst performance. Therefore,
the impregnation method (IM) and sol-gel method (Sol-gel)
were used to prepare VMoTi catalyst and simulate the alkali
metal K poisoning. The mechanism of the alkali metal K
poisoning and the effect of the preparation method on the
catalyst performance were investigated. X-ray diffraction
(XRD), BET specific surface area test, NH,-temperature
programmed desorption (TPD), H,-temperature programmed
reduction (TPR) and X-ray photoelectron spectroscopy (XPS)
methods were used to characterize the catalyst.

1 Experiment

A certain amount of ammonia metavanadate was dissolved
in hot water. A small amount of monoethanolamine was added
in the solution and stirred to dissolve. Then the ammonium
heptamolybdate with a certain quantity was added and stirred
until the solution was transparent. The precursor solution of
vanadium molybdenum compound was prepared. A certain

Ammonium
heptamolybdate TiO2

Ammonium
metavanadate  \onoethanolamine

amount of TiO, powder was added into the vanadium
molybdenum precursor solution. Then it was aged at room
temperature and dried in air at 80 °C. Finally, it was calcined
in muffle furnace at 500 °C for 4 h. The calcined catalyst was
labeled as VMoTi (IM) catalyst, containing 3wt% V,04/TiO,
and 6wt% MoO,/TiO, (Fig.1).

Liquid A was prepared by mixing 90 mL butyl titanate and
240 mL absolute ethanol. The 25 mL glacial acetic acid, 90
mL deionized water, and 240 mL absolute ethanol were mixed
as liquid B. Ammonium metavanadate and ammonium
heptamolybdate were added to liquid B to obtain liquid C. A
mixed homogeneous sol was obtained by the slow addition of
liquid A into liquid C after stirring for 20~30 min, then dried
at 105 °C for 8 h, and finally calcined at 500 °C for 4 h. The
calcined catalysts were labeled as VMoTi (Sol-gel) catalyst,
containing 3wt% V,0,/TiO, and 6wt% MoO,/TiO, (Fig.2).

The alkali metal K poisoning catalyst was prepared by the
impregnation method. The K,SO, solution was prepared
according to the molar ratio of K element/V element of 2. The
fresh catalysts prepared by sol-gel and impregnation methods
were separately immersed in the K,SO, solution for 5 h, then
dried at 105 °C for 8 h, and finally calcined at 500 °C for 4 h.
The calcined catalysts were labeled as K-VMoTi (IM) and K-
VMoTi (Sol-gel), respectively (Fig.3).

A D8 advance X-ray diffractometer produced by German
Bruker was used to characterize the catalysts. The test
conditions were: current of 40 mA, voltage of 40 kV, Ka as
the radiation source, Cu as the target, scanning range 26=10°~
80°, step size of 0.02°.

The N, physical adsorption test of the catalyst was carried
out by the Autosorb-iQ physical adsorption instrument to
analyze the specific surface area and pore structure
characteristics of the catalyst. First, a sample of 0.25~0.3 g
was heated and evacuated at 240 °C for 2 h, and then tested
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Fig.l1 Synthesis procedure of VMoTi (IM) catalyst
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Fig.3 Synthesis procedure of K poisoned catalysts

under the condition of liquid nitrogen (-196 °C). The specific
surface area was calculated using the multi-point BET
equation, and the pore size and pore volume were measured
using the BJH method.

The H,-TPR characterization of the catalyst was carried out
by the Auto Chem II 2920 type chemical adsorption instru-
ment of Mike Corporation. The sample (mass of 50 mg,
particle size of 0.3~0.45 mm) was pretreated at 300 °C for 0.5
h in the pure Ar atmosphere, and then cooled to 50 °C. Under
the condition of 10vol% H,/Ar (20 mL/min), the temperature
was programmed to 900 °C at a rate of 10 °C/min. The H,
consumption during this process was also detected by the
thermal conductivity detector (TCD).

The NH,-TPD characterization of the catalyst was carried
out by the Auto Chem II 2920 type chemical adsorption instru-
ment of Mike Corporation. The sample (mass of 100 mg,
particle size of 0.3~0.45 mm) was pretreated at 400 °C for
0.5 h in the pure He atmosphere (20 mL/min), and then cooled
to 50 °C. Next, the sample was fed with 5vol% NH,/N, (20
mL/min) for 0.5 h for NH, adsorption, then the container was
purged under the pure He atmosphere for 1 h, and finally the tem-
perature was programmed to 550 °C at a rate of 10 °C/min.
The attached NH, was detected by TCD.

The Thermo Scientific ESCALAB 250Xi X-ray photo-
electron spectrometer was used for XPS characterization of
the catalyst. The vacuum degree of the analysis chamber was
8x10"" Pa, the excitation source was Al Ka ray (h=1253.6
eV), the working voltage was 12.5 kV, the filament current
was 16 mA, and the signal accumulation of 10 cycles was
performed.

The activity evaluation of the catalyst was carried out in a
stainless steel SCR fixed reactor. The temperature was
controlled by the external heating of the tube furnace. The
inside of the tube furnace was a stainless steel tube where the

Mass flowmeter

NO NH3 (0} N2

Heating belt

Catalyst

catalyst was placed. The stainless steel mesh prevented the
catalyst from leaking. The schematic diagram of the specific
experimental device is shown in Fig. 4. The standard steel
cylinder gas was used to simulate flue gas, and the mass flow
meter was used to control the flow. The composition of the
simulated flue gas is as follows: 0.05vol% NO, 0.05vol%
NH;, 6vol% O,, and abundant N, for the equilibrium carrier
gas. The catalyst was in the form of granules with 40#~60#,
and the accumulation volume was 12 mL, which was
measured by a measuring cylinder. The total gas flow rate was
1000 mL/min, and the space velocity was 5000 h'. The
activity was evaluated at 80~380 °C. The German Testo 350
flue gas analyzer was used to detect the NO concentration
before and after the reaction, and the NO removal rate was
calculated according to Eq.(1) as follows:

77= VNO-; V.'NO»Out (1)

NO-in

where Vy,., and Vg, are the volume of NO gas input and
output, respectively, mg/m”.

2 Results and Discussion

2.1 Denitration efficiency of different catalysts

It can be seen from Fig.5 that the denitration efficiency (NO
conversion ratio) of fresh catalysts shows an increasing trend
at first, then remains stable, and finally decreases with
increasing the temperature. VMoTi (IM) catalyst has a stable
denitration efficiency of nearly 100% in the temperature range
of 200~280 °C. The temperature range of the VMoTi (Sol-gel)
catalyst is wider than that of VMoTi (IM) catalyst, as the
initial and terminal temperatures of the temperature range
migrate slightly to the
respectively. In the temperature range of 180~320 ° C, the
denitration efficiency is stable at nearly 100%, indicating that

low and high temperatures,

Heating electric furnace

Flue gas
analyzer

Export

Exhaust gas collection

Fig4 Schematic diagram of activity evaluation device for catalyst
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the sol-gel method widens the temperature window of the cata-
lyst. When the temperature is higher than 300 °C, the denitrifi-
cation efficiency of fresh catalysts begins to decrease, which
is mainly due to the catalytic oxidation of NH; to NO, at
higher temperature. Therefore, the conversion of NO of
VMoTi (Sol-gel) catalyst is higher than 90% at 160 °C, and
close to 100% at 180~320 °C. It can also be seen from Fig.5
that after the alkali metal K is added, the denitration efficiency
of the catalyst significantly reduces, and the denitration
efficiency of K-VMoTi (Sol-gel) catalyst is generally higher
than that of K-VMoTi (IM) catalyst. It can be concluded that
alkali metal K poisons the VMoTi (IM) and VMoTi (Sol-gel)
catalysts, and the poison resistance of alkali metal K of
VMoTi (Sol-gel) catalyst significantly improves.
2.2 N, selectivity of different catalysts

NH,-SCR reaction produces new nitrogen oxides, which
causes environmental pollution. Therefore, the N, selectivity
of the catalyst is one of the key issues in the development of
new catalysts. The change in N, selectivity of the catalyst with
temperature is shown in Fig.6. It can be seen from Fig.6 that
the N, selectivity of each catalyst decreases with the increase
of reaction temperature, suggesting the excellent N, selectivity
at medium and low temperatures. When the temperature is
higher than 250 ° C, the N, selectivity begins to decrease
gradually due to the occurrence of side reactions caused by
high temperature and the formation of N,O. It should be noted
that the N, selectivity of the catalysts decreases after K
poisoning. At 360 °C, the N, selectivity of the K-VMoTi (Sol-
gel) catalyst remains above 85%, while that of K-VMoTi (IM)
catalyst is ~75%.
2.3 XRD analysis of different catalysts

It can be seen from Fig.7 that the diffraction peaks of the
catalysts before and after K poisoning are mainly anatase
titanium dioxide peaks"*', and there are no diffraction peaks
of V,0; and MoO,. The reason may be that the content of
V,0, and MoO; in the catalyst is too low, and V,0, and MoO,
are still distributed on the carrier in high dispersion or
indefinite form. The TiO, characteristic peak of VMoTi (IM)
catalyst is sharp, and the peak is narrow, which indicates that
the crystallization performance is good, and the grain size
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Fig.7 XRD patterns of different catalysts

increases. The VMoTi (Sol-gel) catalyst has low diffraction
peak intensity, and the TiO, peak is obviously wider than that
of VMoTi (IM) catalyst. The reason may be that the grain size
is small and the surface effect tends to be obvious, which
leads to the decrease of the order degree, the poor crystallinity,
and the appearance of a certain amount of amorphous
components"”. The poisoning of the catalyst does not affect
the distribution of the original components of the catalyst.
However, the anatase TiO, characteristic peak intensity of the
poisoned K-VMoTi (IM) and K-VMoTi (Sol-gel) catalysts is
stronger than that of the VMoTi (IM) and VMoTi (Sol-gel)
catalysts, indicating that the addition of alkali metal weakens
the interaction between the active components and the
support!'®,
2.4 BET analysis of different catalysts

The BET analysis results of the catalysts are listed in Table
1. It can be seen from Table 1 that the specific surface area

Table 1 BET analysis results of different catalysts

Aper/ Pore volume/ Pore size/
Sample - .
m’g cm’+ g nm
VMoTi (IM) 58.8 0.11 8.21
K-VMoTi (IM) 56.7 0.10 8.23
VMoTi (Sol-gel) 63.4 0.12 8.12
K-VMoTi (Sol-gel) 61.6 0.11 8.14
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(Aggr) of the VMoTi (IM) catalyst is 58.8 m*-g”, the average
pore volume is 0.11 cm’-g”, and the average pore size is 8.21
nm. The specific surface area of the VMoTi (Sol-gel) catalyst
is 63.4 m*-g", the average pore volume is 0.12 cm’-g”, and the
average pore size is 8.12 nm. Compared with the properties of
VMoTi (IM) catalyst, the specific surface area and average
pore volume of the VMoTi (Sol-gel) catalyst increase and the
average pore size decreases. The result shows that the NH;-
SCR reaction takes place at the catalyst surface. A larger
specific surface area is conducive to the high dispersion of
active components, which provides more active sites, absorbs
more reaction gases, and promotes the NH,-SCR catalytic
reaction!'”"!. Compared with the properties of fresh catalysts,
the deposition of the alkali metal salt particles on the surface
and the blockage of some pores of the deactivated catalyst
cause slight changes: the specific surface area and the total
pore volume slightly reduces, and the average pore size
slightly increases.

Fig. 8 shows the N, adsorption-desorption curves of diffe-
rent catalysts. It can be seen from Fig.8 that VMoTi (IM) and
K-VMoTi (IM) catalysts are Langmuir IV isotherms with H;
hysteresis loops, which indicates that both catalysts have the
mesoporous structure. There is no obvious saturated adsorp-
tion platform in the hysteresis isotherm, which indicates that
the pore structure of the catalysts is very incomplete, mainly
including plate slit structure, crack structure, and wedge struc-
ture*?'l. However, both the VMoTi (Sol-gel) and K-VMoTi
(Sol-gel) catalysts have Langmuir IV isotherms and H,
hysteresis loops, which shows a mixture of micro-porous and
mesoporous materials®*!, After K poisoning, the hysteresis
loop of the catalysts becomes smaller, which indicates that the
residence time of reaction gas on the surface of poisoned
catalyst becomes shorter, and the reaction gas is easy to
desorb, which is not conducive to the full progress of SCR
reaction. Therefore, the low-temperature activity of the
catalyst decreases after K poisoning. Fig.9 shows the pore size
distribution of different catalysts. It can be seen from Fig.9
that the pore size of VMoTi (IM) catalyst is 0~5 nm, while the
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pore size of 5~10 nm in VMoTi (Sol-gel) catalyst significantly
increases. Compared with the properties of catalyst before
poisoning, the number of pores in K-VMoTi (IM) and K-
VMoTi (Sol-gel) catalysts decreases significantly after K
poisoning. In the mesoporous range, proper increase of the
pore radius of the catalyst is conducive to the adsorption and
desorption of reaction gas molecules at the active sites on the
catalyst surface, resulting in better catalytic reaction'®,

2.5 NH,-TPD analysis of different catalysts

According to Eley-Rideal mechanism, NH; is firstly adsor-
bed at the active acid site of catalyst, and then reacts with NO
under gaseous or weak adsorption state. The adsorption of
NH, at the active site is a control step of SCR catalytic
reaction!"”. According to the literatures®*, in the NH,-TPD
spectrum, Lewis acid site is mainly located in the range above
350 °C, while Brensted acid site is mainly located in the range
below 350 °C. Moreover, many researchers have found that
SCR activity is directly proportional to the number of
Bronsted acid sites, but not significantly related to the number
of Lewis acid sites.

It can be seen from Fig. 10 that VMoTi (IM) and VMoTi
(Sol-gel) catalysts have a weak broad adsorption peak
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2
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Fig.10 NH,-TPD spectra of different catalysts
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between 100~200 °C caused by the adsorption of NH, at the
weak acid site (Bronsted acid site) on the catalyst surface, and
an adsorption peak between 400~500 °C caused by the adsor-
ption of NH, at the medium strength acid site (Lewis acid site)
on the catalyst surface. The amount of acid on the surface of
VMoTi (Sol-gel) catalyst increases by 2~3 times compared
with that of VMoTi (IM) catalyst. It can be seen that the
preparation method has a very obvious effect on the Bronsted
acid site. By comparing the NH,-TPD results of the catalyst
before and after poisoning, it is found that the weak
adsorption peak at low temperature and the Lewis acidic site
adsorption peak between 400~500 °C are all weakened after K
deposition. According to SCR reaction mechanism, it is
generally believed that NH; is firstly adsorbed on the catalyst
surface, and then undergoes a redox reaction with the
adsorbed NO. The acidity of catalyst surface is an important
factor affecting the adsorption capacity of NH;. Potassium
poisoning reduces the acid capacity of catalyst surface, which
is one of the main factors for the decrease of SCR activity?**",
The acid amount of K-VMoTi (IM) catalyst decreases more
than that of K-VMoTi (Sol-gel) catalyst does.

2.6 H,-TPR analysis of different catalysts

During the process of catalytic reaction, the catalyst, as the
reaction medium, accelerates the transmission of electrons,
promotes the formation of activated molecules, thus reduces
the activation energy required for the reaction, and improves
the speed of the reaction towards thermodynamic equilibrium.
The ability of the catalyst to gain and lose electrons
corresponds to the redox ability of the catalyst. The commonly
used technique for characterizing the redox performance of
catalysts is H,-TPR™ technique.

Fig. 11 is the H,-TPR spectra of different catalysts. Accor-
ding to the literature™®, MoO, undergoes a reduction reaction
of Mo*—Mo*—Mo at 400~800 °C, and V> —>V* -V -V
reduction process occurs at 500~800 °C for dispersed V,0; and
poly-vanadium oxygen species. The peak near 650 °C belongs
to the hydrogen consumption peak of the hydroxyl group on
the TiO, surface. It can be seen that the peaks appearing near
500 °C in Fig.11 belong to the overlapping peaks of the reduc-
tion of vanadium species and molybdenum species. The peaks
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Fig.11 H,-TPR spectra of different catalysts

around 700~800 °C belong to the reduction peak of TiO,. The
reduction peak position of VMoTi (Sol-gel) catalyst moves to
the low temperature region because molybdenum species play
an important role in storing/releasing oxygen and promoting
the reduction of V,0,. Organic impurities decrease, thereby
reducing the reduction temperature of TiO,. The reducibility
of the catalyst is determined by the grain arrangement and
grain structure. The interaction between the alkali metal K and
the composite oxide makes the crystal arrangement irregular.
The poor alignment makes the catalyst exhibit poor
reducibility, which causes the peak temperature to shift toward
the high temperature region®”. The migration of reduction
peak temperature towards high temperature and the reduction
of peak area indicate that the activity of oxygen species on the
catalyst surface significantly reduces after alkali metal K
poisoning, VO, and MoO, species are difficult to reduce, and
the redox performance of catalyst metal reduces, thus
affecting the SCR reaction process (such as NH; activation
and NO oxidation).

2.7 XPS analysis of different catalysts

The electronic energy spectra of the O s orbit of the cata-
lysts are shown in Fig. 12a. The oxygen with binding energy
between 530.1~530.3 eV is lattice oxygen (O*, labeled as
0,0, and the oxygen between 531.4~531.7 eV is surface
adsorbed oxygen (O and O,”, labeled as O,,)"'??. It has been
reported that chemisorption of oxygen on the surface is the
most active type of oxygen. Due to its high mobility, it plays
an important role in the oxidation reaction. High O,, content
produces strong oxidation capacity, which is conducive to the
oxidation of NO to NO,, and promotes the rapid SCR
reaction™. According to the results in Table 2, the value of
0,4/(0,,t0,) x100% of VMoTi (IM) and VMoTi (Sol-gel)
catalysts is 21.08% and 41.37%, respectively. The proportion
of chemically adsorbed oxygen on the surface of the catalyst
affects the progress of the redox reaction to a certain extent,
and plays a role in the denitration activity of the catalyst
together with other factors, such as surface acid sites and
redox properties. After alkali metal K poisoning, the adsorbed
oxygen concentration O, /(O,,T0,,)*100% on the surface of
K-VMoTi (IM) and K-VMoTi (Sol-gel) catalysts decreases to
16.91% and 24.25%, respectively. This is due to the introdu-
ction of K,O and oxygen to compete for oxygen vacancy on
the catalyst surface. K,O and oxygen vacancy on the catalyst
surface form a strong adsorption, reducing the peak of
adsorbed oxygen®*. Therefore, the decrease in ratio of chemi-
sorption oxygen is another factor for the activity decrease of
the K-poisoned catalyst.

The electron energy spectra of the V 2p orbit of the catalyst
are shown in Fig. 12b. The vanadium with a binding energy
between 516.5~516.7 ¢V exists in the form of V*, and the
vanadium between 517.4~517.6 eV exists in the form of V',
It can be seen from Table 2 that the values of V*/(V**+V*")x
100% of VMoTi (IM) and VMoTi (Sol-gel) catalysts are
similar, which are 49.00% and 48.20%, respectively. After
alkali metal K poisoning, the value of V*/(V*+V*)x100% of
K-VMoTi (IM) and K-VMoTi (Sol-gel) catalysts decreases to
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Fig.12  XPS spectra of different orbits of catalysts: (a) O 1s, (b) V 2p, and (c) Mo 3d

Table 2 Binding energy and surface atomic concentration of different catalysts

Sample VMoTi (IM) K-VMoTi (IM) VMoTi (Sol-gel) K-VMoTi (Sol-gel)
Binding energy of Ol 530.1 530.3 530.2 530.2
O 1s/eV 0,4 531.4 531.4 531.7 531.5
Binding energy of v 516.7 516.6 516.7 516.5
V 2p/eV \%A 517.4 517.6 517.5 517.4
Mo* 232.6 232.8 232.6 232.6
Binding energy of 352 Mo®* 233 2332 2332 233.1
Mo 3d/eV Mo** 235.6 2359 235.7 235.7
3 Mo** 236.1 236.2 236.2 236.1
Value of 0,,/(0,,+0,,)/% 21.08 16.91 4137 2425
Value of V¥*/(V¥+V3)/% 49.00 45.00 48.20 47.24
Value of Mo*/(Mo*+Mo°")/% 41.22 32.52 45.40 41.95

45.00% and 47.24%, respectively. The value of V*/(V¥+V")x
100% has an important effect on the denitration activity of the
catalyst. The presence of non-stoichiometric vanadium species
(V" n<4) is conducive to the electron transfer. Within a cer-
tain range, the value of V*/(V*+V* ) x100% is positively
correlated with the denitration activity of the catalyst™!. The
increase of metastable V** ions enhances the reduction degree
of vanadium species. The electron transfer between ions of
different valences provides power for the SCR reaction. In
SCR reaction, V** and V°* on the surface of catalyst mainly
exist in the form of V-OH and V=0O. NO in flue gas is
oxidized to NO,, and V*'=0 is reduced to V*-OH, which
promotes the “fast SCR” reaction and improves the low
temperature activity of catalyst®,

The electron energy spectra of the Mo 3d orbit of the
catalyst are shown in Fig. 12c. There are 4 different charac-

teristic peaks in the Mo fitting peaks of the catalysts. Among
them, the peak binding energy of 232.6~232.8, 233.0~233.2,
235.6~235.9, and 236.1~236.2 eV belongs to Mo*" species in
Mo 3d,, orbit, Mo®" species in Mo 3d, orbit, Mo*" species in
Mo 3d,, orbit, and Mo®" species in Mo 3d,, orbit, respectively.
Mo mainly exists in the form of Mo*" and Mo® 7. The value
of Mo*"/(Mo*+Mo°")x100% of the VMoTi (IM) and VMoTi
(Sol-gel) catalysts is 41.22% and 45.40%, respectively. This is
mainly because MoO, and VO, of the VMoTi (Sol-gel) cata-
lyst have a good interaction. More Mo®"
which enhances the reduction degree of Mo. At the same time,
the formation of oxygen defects due to the unbalanced charge
is conducive to the improvement of catalyst activity”. After
alkali metal K poisoning, the value of Mo*/(Mo*+Mo®") x
100% of K-VMoTi (IM) and K-VMoTi (Sol-gel) catalysts
drops to 32.52% and 41.95%, respectively.

is reduced to Mo**
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Therefore, the VMoTi (Sol-gel) catalyst has more surface
acidity, stronger redox ability, and more V*, Mo*, and surface
reactive oxygen species. Besides, the VMoTi (Sol-gel)
catalyst shows better resistance to K-metal poisoning. The
mechanism of K poisoning is that the K salt weakens the
interaction between active component and support, enhances
the intensity of diffraction peak of anatase TiO,, reduces the
surface acidity and redox property of the catalyst, and reduces
the chemically adsorbed oxygen and the active metal contents,
such as V** and Mo", on the catalyst surface.

2.8 Denitrification mechanism

According to the Lewis acid mechanism, the SCR reaction
process is as follows:

NH,+M"™+0*— M- NH,+OH- )
MO NH,NO— M- NH,NO 3)
MO NH,NO—M"V+N,+H,0 )
MOV H1/20,2M O 5)
20H—H,0+0* (6)

In V,0,-WO,(M00,)/TiO, system, the active center M"" is
V3. The mechanism shows that NH, adsorbed on Lewis acid
site is activated to dehydrogenate to form NH, through the
action of lattice oxygen or surface oxygen. At the same time,
the adsorption site is reduced from V°" to V* , and the
intermediate V*"---NH, forms. Then the intermediate V**---NH,
and NO form V*---NH,NO, which decomposes into N, and
H,0, and the reduced adsorption site V** is oxidized to V**
under the action of O,. It can be seen from the reaction
formation of NH,—NH, (adsorbed)
intermediate is a key step in the whole reaction process™.

process that the

According to the results, it is observed that K,O occupies
the oxygen vacancy on the catalyst surface, reduces the
amount of surface oxygen, inhibits the formation of NH,
(adsorbed) in Eq.(2), and indirectly inhibits the reoxidation of
adsorption site in Eq.(5)™". In addition, the valence state of V
on the catalyst surface also has influence on its catalytic
performance. It is speculated that the introduction of K
changes the surface properties of catalyst. K reacts with V-OH
on the catalyst surface to form V-O-K, which changes the
chemical environment of metal oxides, such as V,O; and
MoO,. Compared with the fresh catalyst, the value of V*/
(V¥+V*)x100% in the deactivated catalyst decreases signifi-
cantly, which inhibits the formation of NH, (adsorbed).
Therefore, the catalyst surface activity not only is related to
the acid sites and the content of chemically adsorbed oxygen
on the surface, but also has a certain positive correlation with
the morphology of V on the surface-active center and the
value of V¥/(V*+V>)x100%.

3 Conclusions

1) Compared with the catalysts prepared by the impreg-
nation method, i. e., VMoTi (IM) catalyst, the catalyst
prepared by sol-gel method, i.e., VMoTi (Sol-gel) catalyst, has
smaller grain size, larger specific surface area and pore
volume, more surface acidity, stronger redox ability, and more
V*, Mo*, and surface reactive oxygen species. Therefore, the

VMoTi (Sol-gel) catalyst shows good denitrification effi-
ciency, and the conversion ratio of NO is close to 100% at
180~320 °C.

2) Potassium salt leads to alkali metal poisoning and
reduces the denitration activity of catalyst. The VMoTi (Sol-
gel) catalyst shows better resistance to K-metal poisoning.
The main reason of K poisoning is that the K salt weakens the
interaction between active component and support, enhances
the intensity of diffraction peak of anatase TiO,, reduces the
surface acidity and redox property of the catalyst, and reduces
the chemically adsorbed oxygen and the active metal contents,
such as V** and Mo*', on the catalyst surface.
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(2. PE2 P 100948 TP 8L s 580 %, YIVH HE 2 337055)
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