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A B S T R A C T   

Deactivation by NH4HSO4 deposition is one of the major problems faced by commercial SCR catalysts at low 
temperatures. In this study, NH4NO3 was added to the SCR reaction atmosphere in the presence of H2O and SO2 
at 250 ◦C, which is lower than the typical temperatures suitable for the V2O5-WO3/TiO2 catalyst. After a long 
test, the catalyst activity decreased from 82 % to 75 %, which is much smaller than the activity drop in the 
atmosphere without NH4NO3. The characterization results indicate that the addition of NH4NO3 effectively 
reduced the deposition of NH4HSO4 on the catalyst surface, thus weakening the degree of catalyst poisoning 
deactivation. In addition, we examined the effect of NH4NO3 addition on the regeneration of catalysts deacti-
vated by NH4HSO4. The activity of the catalyst deactivated by 5 wt% NH4HSO4 recovered efficiently after the 
deactivated catalyst was treated by NH4NO3, NO and O2 for 1 h at 250 ◦C. The SEM, FTIR, and BET charac-
terization results reveal the positive effect of NH4NO3 in promoting the decomposition of NH4HSO4.   

1. Introduction 

NOx emission is one of the major causes of atmospheric pollution [1]. 
SCR (Selective Catalytic Reduction) using NH3 as a reducing agent is a 
commonly applied technology for NOx removal around the world [2]. 
The standard SCR reaction is as follows: 

4 NO+ 4 NH3 +O2→4 N2 + 6 H2O (1) 

Currently, most of the commercial SCR catalysts are V2O5 loaded on 
TiO2 carrier with WO3 or MoO3 as additives [3]. These catalysts are 
often used in flue gases above 320 ◦C to ensure high NOx removal ac-
tivity [4–8]. Once the flue gas temperature decreases, the denitrification 
activity of the catalyst is significantly inhibited. Moreover, SOx in the 
flue gas will react with NH3 and H2O to form ammonium sulfate salts 
such as NH4HSO4 (ABS). At low temperature, NH4HSO4 is liquid and 
highly viscous. It adheres to the catalyst surface and continuously traps 
dust in the flue gas, eventually blocking the catalyst pore and causing 
severe catalyst deactivation [9–18]. Considering that the flue gas tem-
perature of boilers in non-electric industries is generally lower than the 

working temperature of V2O5-WO3/TiO2 (VWTi) catalyst, it is necessary 
to develop low-temperature SCR technology. The conventional research 
to deal with the problems caused by low temperature is through catalyst 
modification, such as doping Mn [19,20], Ce [21,22] and Cu [23] into 
the catalyst to solve the lack of low temperature activity. The results of 
such studies are very promising, but the surface sulfation and NH4HSO4 
deposition at low temperatures are holding back the application of the 
low temperature catalysts in filed. 

In the 1980 s, kato [24] et al. found that when NO2 is present and the 
NO/NO2 ratio is 1:1, an enhanced SCR reaction occurs as shown in 
Equation (2), which has a reaction rate more than ten times larger 
compared to the standard SCR reaction and can maintain higher deni-
trification efficiency in the low-temperature region (150 ◦C to 300 ◦C) 
and at high GHSV [25]. 

NO+NO2 + 2 NH3→2 N2 + 3 H2O (2) 

This provides a new idea for efficient and stable denitrification in 
low-temperature sulfur-containing atmosphere. In our preliminary 
work, it was found that the addition of NO2 helps to inhibit the 
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generation of NH4HSO4 on the catalyst surface and enhance the sulfur 
resistance of the catalyst, even if the ratio of NO to NO2 is not 1 [26]. 
Furthermore, we discovered that NH4HSO4 on the surface of the V2O5- 
WO3/TiO2 catalyst has high reactivity against NOx in NO/NO2 atmo-
sphere. The presence of NO2 facilitates the decomposition of NH4HSO4 
on the catalyst surface and recovers the activity of NH4HSO4 poisoning 
catalyst [11,12]. 

However, more than 95 % of NOx present in conventional boiler flue 
gas is in the form of NO, and direct addition of NO2 to the flue gas is 
obviously difficult to achieve. It is necessary to screen out suitable ad-
ditives to induce a change in reaction atmosphere to an enhanced SCR 
reaction atmosphere. Forzatti [27] et al. effectively improved the low- 
temperature activity under Fe-ZSM-5 and VWTi catalysts by adding 
NH4NO3 (AN) solution to the conventional atmosphere to induce an 
enhanced SCR reaction. Bae [28] et al. coupled Sb-doped V-Ti catalysts 
with NH4NO3 solution to achieve efficient and stable denitrification of 
V-Sb-TiO2 catalysts under the low-temperature sulfur-containing atmo-
sphere. The reaction is as follows: 

2NO+ 2 NH3 +NH4NO3→3 N2 + 5 H2O (3) 

The role of NH4NO3 here is to react with NO to produce NO2 
[25,29–32], forming the enhanced reaction atmosphere. Based on pre-
vious studies, it is possible to utilize the enhanced SCR reaction for NOx 
removal at low temperature. But there are two questions awaiting to be 
solved, including (1) the adaptability of the NH4NO3-enhanced SCR for 
the commercial V2O5-WO3/TiO2 catalyst and (2) can the NH4NO3-con-
taining atmosphere prevent the deposition of NH4HSO4 at low 
temperatures? 

In this work, we added NH4NO3 to the SCR atmosphere containing 
SO2 and H2O at low temperature (250 ◦C) for long time test over the 
commercial V2O5-WO3/TiO2 catalyst. Moreover, we investigated the 
regeneration of the NH4HSO4 deactivated catalyst by NH4NO3 injection 
with a combination of a series of characterization techniques. The re-
sults indicate that NH4NO3 has a positive effect on inhibiting the gen-
eration of NH4HSO4 on the catalyst surface and accelerating the 
decomposition of NH4HSO4 at low temperatures, thus improving the 
SO2 resistance of the V2O5-WO3/TiO2 catalyst at low temperatures. 

2. Experimental 

2.1. Preparation of the samples 

In this study, V2O5-WO3/TiO2 catalysts were prepared by the 
impregnation method. We first dissolved ammonium metavanadate 
(NH4VO3) and ammonium metatungstate ((NH4)6H2W12O40) in oxalic 
acid-acidified water, and then dipped the solution into the TiO2 carrier 
with thorough stirring. The mixture was dried at 110 ◦C for 12 h then 
calcined in a muffle furnace at 500 ◦C for 6 h. Finally, the calcined 
catalyst was ground and sieved to 40–60 mesh for subsequent activity 
testing and loading with NH4HSO4. Mass fractions of V2O5 and WO3 in 
the V2O5-WO3/TiO2 catalyst were 1 wt% and 5 wt%, respectively. 

NH4HSO4 was deposited on the VWTi catalyst using the impregna-
tion method as reported in the literature [33,34]. The amount of 
NH4HSO4 was controlled by varying the concentration in the aqueous 
solution. After impregnation, the samples were dried at 110 ◦C for 12 h. 
The deactivated catalysts were named × wt% ABS-VWTi depending on 
the amount of NH4HSO4 loading. For example, if the mass fraction of 
NH4HSO4 loading was 5 %, the sample was named 5 wt% ABS-VWTi. 

2.2. SCR performance measurement 

Activity test of the catalyst samples was performed in a quartz tube 
reactor (Fig. S1). 0.2 g catalyst sample (40–60 mesh) was used for test. 
The inlet gas mixture contained 500 ppm NO, 500 ppm NH3, 5 % O2, 
1000 ppm SO2 (when used), 500 ppm NH4NO3 (when used), 2 % H2O 
(when used), with N2 as the balance gas. The total gas flow rate was 1 L/ 

min, corresponding to 300,000 ml/(g*h) of a gas hourly space velocity 
(GHSV). The temperature was increased from 200 ◦C to 300 ◦C with a 
heating rate of 10 ◦C/min. The NOx concentration at the reactor inlet 
and outlet was measured by a electrochemical analyzer (ecom D, Ger-
many). The catalyst denitrification activity was calculated by the 
following equation: 

NOx conversion (%) =
[NOx]in − [NOx]out

[NOx]in
× 100% 

[NOx]in is the NOx concentration at the reactor inlet and [NOx]out is 
the NOx concentration at the reactor outlet. 

2.3. Regeneration of NH4HSO4-deactivated catalysts 

In this section, the ABS-loaded catalysts were regenerated using 
different reaction atmospheres at a stable temperature (250 ◦C). The 
NO/O2 atmosphere includes 500 ppm NO, 5 % O2, and N2 as balance 
gas. The AN/NO/O2 atmosphere includes 500 ppm NH4NO3, 500 ppm 
NO, 5 % O2 and N2 as balance gas. The total gas flow rate was 1 L/min, 
which translates into a GHSV of 300000 ml/(g*h). The duration of 
regeneration treatment was 1 h (4 h and 8 h regeneration results are 
detailed in the supporting material). The deactivated catalysts after 
processing in NO/O2 atmosphere were named × wt% ABS-VWTi @(NO/ 
O2) and after processing in AN/NO/O2 atmosphere were named × wt% 
ABS-VWTi @(AN/NO/O2). The regeneration rate is calculated as 
follows: 

Regeneration rate =
[NOx conversion]R − [NOx conversion]p
[NOx conversion]F − [NOx conversion]p 

[NOx conversion]R is the NOx conversion of the regenerated catalyst. 
[NOx conversion]p is the NOx conversion of the NH4HSO4-loaded cata-
lyst. [NOx conversion]F is the NOx conversion of the fresh catalyst. 

2.4. Catalyst characterizations 

FTIR spectra were collected by Nicolet IS10 under ambient pressure. 
A homogeneous mixture containing the sample and potassium bromide 
(KBr) was ground and pressed into tablets. Then the IR spectra were 
collected. The spectra ranged from 4000 to 400 cm− 1 with a resolution 
of 4 cm− 1. The surface morphology images of the catalyst were taken 
using a Hitachi SU4800. All SEM images were obtained from secondary 
electrons with an accelerating voltage of 3 kV. The BET surface area of 
the catalysts was determined by N2 adsorption using Mac TriStar II 
3020. The samples were degassed at 200 ◦C for 8 h under vacuum 
conditions and subsequently measured at 77 K. The crystal structure of 
the samples was obtained by X-ray diffraction (XRD) from Bruker D8 
ADVANCE. The measurement conditions contained: copper Kα radia-
tion; 40 kV/40 mA; scan rate of 5◦ min− 1; and a test range of 2θ = 10 ~ 
90◦. H2 temperature programmed reduction (H2-TPR) and NH3 tem-
perature programmed desorption (NH3-TPD) results were collected 
using a PX200A apparatus. For H2-TPR, 50 mg of samples were pre-
treated at 120 ◦C for 1 h under N2 (50 cm3/min). After cooling to 100 ◦C, 
samples were reduced in H2/N2 gas (50 cm3/min) with temperature 
increased linearly from 100 ◦C to 600 ◦C at the rate of 10 ◦C/min. For 
NH3-TPD, 50 mg samples were pretreated with N2 (50 cm3/min) at 
120 ◦C for 1 h. Temperature was lowered to 100 ◦C for NH3 adsorption, 
then purged with N2 for 1 h after saturation. 

3. Results and discussion 

3.1. Effect of NH4NO3 on SO2 tolerance of V2O5-WO3/TiO2 catalyst 

Fig. 1 shows the deactivation of the V2O5-WO3/TiO2 catalyst at 
250 ◦C in the presence of H2O and SO2 for long time running. Under the 
conventional reaction atmosphere (without NH4NO3), the NOx 
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conversion of the catalyst decreased from 49 % to 21 % after 8 h, with a 
relative decrease of 58 %. In the presence of NH4NO3, the initial catalyst 
activity dramatically increased from 49 % to 82 % at 250 ◦C. The NOx 
conversion slightly decreased in the first four hours and maintain at a 
high value after 8 h. Adding NH4NO3 cannot completely prevent the 
deactivation of the catalyst. But the NOx conversion in the presence of 
NH4NO3 only decreased from 82 % to 75 % by 9 % relatively, which is 
significantly smaller than that in the standard SCR atmosphere. The 
addition of NH4NO3 at low temperature not only elevates the initial NOx 
conversion of the VWTi catalyst, but also enhances the SO2 tolerance of 
the V2O5-WO3/TiO2 catalyst. 

To find out why the NOx conversion with NH4NO3 injection is su-
preme to the one without NH4NO3 in the presence of SO2 and H2O, we 
characterized the processed catalysts by EDS and FTIR. Table 1 shows 
the atomic ratios of each element for the fresh catalyst and the processed 
samples (the sample processed under the atmosphere containing 
NH4NO3 was named VWTi@(AN/SO2/H2O) and the sample processed 
under the atmosphere without NH4NO3 was named VWTi@(SO2/H2O)). 
No N and S elements were detected on the surface of the fresh catalyst, 
while high N content was detected in both VWTi@(AN/SO2/H2O) and 
VWTi@(SO2/H2O) samples, which may be caused by the adsorption of 
NH3 on the catalyst surface. The S element content of the VWTi@(AN/ 
SO2/H2O) sample was much smaller than that of the VWTi@(SO2/H2O) 
sample, which indicates that the addition of NH4NO3 helps to reduce the 
deposition of NH4HSO4 on the catalyst surface. Less NH4HSO4 deposi-
tion on the VWTi@(AN/SO2/H2O) sample than that of the VWTi@(SO2/ 
H2O) sample can be the main reason for the better performance of the 
NH4NO3 injected atmosphere. 

Furthermore, FTIR was used to analyze the surface species of 
different samples. As shown in Fig. 2, the fresh catalyst shows no visible 
peaks in the range of 900–1500 cm− 1. After processing in the reaction 
atmosphere containing SO2 and H2O for 8 h, the VWTi@(SO2/H2O) and 

VWTi@(AN/SO2/H2O) samples show new peaks at 1400 cm− 1 and 
1117 cm− 1. The peak at 1400 cm− 1 can be assigned to the bending vi-
bration of N–H in NH4

+ [11,35,36], and the peak at 1117 cm− 1 is caused 
by the stretching vibration of S––O in SO4

2− and HSO4
− [11,13,34,37]. 

Both the VWTi@(SO2/H2O), VWTi@(AN/SO2/H2O) samples have high 
intensity of the bending vibration of N–H at 1400 cm− 1, which is 
generally consistent with the EDS results. Compared with VWTi@(SO2/ 
H2O), VWTi@(AN/SO2/H2O) shows a significant decrease in the vi-
bration intensity of S––O (1117 cm− 1). This is because NH4NO3 reacts 
with NO to form a NO/NO2 mixed atmosphere, which efficiently con-
sumes NH3 in the flue gas and inhibits the formation of ABS [28]. The 
EDS and FTIR results indicate that the addition of NH4NO3 effectively 
inhibits NH4HSO4 production on the catalyst surface, thus reducing the 
extent of catalyst deactivation at low temperature. 

3.2. Regeneration of ABS deactivated catalyst 

It has been demonstrated above that the addition of NH4NO3 can 
effectively inhibit the production of NH4HSO4 on the catalyst surface at 
low temperatures. In this section, NH4HSO4 was pre-loaded on the VWTi 
catalyst to examine the effect of NH4NO3 on the regeneration of 
NH4HSO4- deactivated catalyst. Fig. 3 exhibits the standard SCR activity 
of the fresh, 5 wt% ABS-VWTi, and 10 wt% ABS-VWTi samples. With the 
increase of NH4HSO4 loading, the catalysts incurred a significant 
decrease in denitrification activity within the range of 200 ◦C to 300 ◦C. 
Compared to 78 % NOx conversion of the fresh catalyst at 300 ◦C, the 
activity of 5 wt% ABS-VWTi and 10 wt% ABS-VWTi decayed to 45 % and 
28 %, respectively. 

After regeneration under the NO/O2 atmosphere, the NOx conversion 
of 5 wt% ABS-VWTi (Fig. 3 (a)) reached 74 % at 300 ◦C, which is close to 
that of the fresh catalyst. The catalyst regeneration rate was 0.88. 
Nevertheless, the regeneration ability of the NO/O2 atmosphere de-
creases drastically with the increase of NH4HSO4 loading. As shown in 
Fig. 3 (b), the NOx conversion of the 10 wt% ABS-VWTi@(NO/O2) 
sample was 31 % at 300 ◦C, which is slightly higher than that of the 
deactivated catalyst, and the regeneration rate was less than 0.1. 

The activity recovery of the ABS-loaded catalyst is more obvious 
under the AN/NO/O2 atmosphere (Fig. 3). The SCR activity at 280 ◦C of 
5 wt% ABS-VWTi@(AN/NO/O2) has been fully recovered, and the NOx 
conversion at 300 ◦C even exceeds that of the fresh catalyst. This can be 

Fig. 1. Effect of NH4NO3 on the VWTi catalyst activity under SO2-containing 
atmosphere. Reaction conditions: 500 ppm NO, 500 ppm NH3, 1000 ppm SO2, 
5 % O2, 2 % H2O, 500 ppm NH4NO3 (when used). 

Table 1 
Elemental content of catalyst surface after different atmosphere processing by 
EDS.  

Samples Ti (%) V (%) W (%) N (%) S (%) 

VWTi  97.5  1.45  1.05  –  – 
VWTi@(H2O/SO2)  29.91  0.39  0.47  66.35  2.88 
VWTi@(AN/H2O/SO2)  58.95  0.92  0.79  38.83  0.51  

Fig. 2. FTIR spectra of the fresh VWTi, VWTi@(SO2/H2O) and VWTi@(AN/ 
SO2/H2O) samples. 
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explained that NH4HSO4 partially decomposes on the catalyst surface 
after AN/NO/O2 atmosphere treatment, and produces titanium sulfate 
sites. The generated titanium sulfate can provide acidic sites for NH3 
adsorption which promotes the SCR reaction at high temperature 
[38–41]. The enhanced acidity of the catalyst was also confirmed by 
NH3-TPD (Fig. 7 (a)). As for the NOx conversion of 5 wt% ABS-VWTi@ 
(AN/NO/O2) at low temperature is still lower than that of the fresh 
catalyst, this is due to the electronic influence caused by strong surface 
sulfation. The electronic environment of the active sites such as VOx and 
WOx is affected by the adjacent sulfate ions, thus affecting the NOx 
conversion at low temperature [11]. In addition, the increase in 
NH4HSO4 loading weakens the regeneration ability, which is similar to 
the NO/O2 atmosphere. The NOx conversion at 300 ◦C of 10 wt% ABS- 
VWTi@(AN/NO/O2) recovered to 58 % with a regeneration rate of 0.60 
(Fig. 3 (b)). 

The effect of processing time on the regeneration effect was also 
considered. As presented in Fig. S2, the effect of 4 h and 8 h regeneration 
under the NO/O2 atmosphere is hardly changed. While under the AN/ 
NO/O2 atmosphere, the increase of processing time contributes more to 
the recovery of catalyst activity. The results of the activity tests suggest 
that the AN/NO/O2 atmosphere has a greater ability to regenerate ABS- 
deactivated catalysts than the NO/O2 atmosphere under the same con-
ditions. In the following, characterizations were used to elucidate the 
regeneration profiles under different atmospheres. 

The BET surface areas of the different samples are given in Table 2. 
Fresh VWTi has the highest BET surface area of 50 m2/g, which de-
creases to 40.47 m2/g after loading 5 % NH4HSO4. Both AN/NO/O2 and 
NO/O2 atmospheres can make a small recovery of the catalyst specific 
surface area. The addition of NH4NO3 is more effective for the BET 
surface area recovery, from 40.47 to 42.07 m2/g. SEM micrographs 
clearly show the changes of catalyst surface structure before and after 
regeneration. As shown in Fig. 4 (a), the porous structure of the fresh 
catalyst can be easily observed. After loaded with NH4HSO4, the porous 

structure of the catalyst gets severely damaged (Fig. 4 (b)). The 
NH4HSO4 covers the catalyst surface then reduces the surface area. After 
NO/O2 regeneration, part of the NH4HSO4 decomposes and the pores of 
the catalyst are re-exposed (Fig. 4 (c)). The AN/NO/O2 regeneration 
leads a further recovery of the catalyst surface structure (Fig. 4 (d)). 
However, both reaction atmospheres can hardly recover the specific 
surface area and surface morphology of the catalyst completely, which 
explains why the regenerated catalyst activity cannot be fully recovered 
at low temperatures. 

The XRD spectra of the fresh, deactivated and regenerated catalysts 
are shown in Fig. 5. Anatase is the main crystalline phase of all four 
samples. 5 wt% ABS-VWTi exhibits no significant change in the crystal 
structure compared to the fresh catalyst. This is because at low NH4HSO4 
loading, ABS is mostly distributed on the catalyst surface in an amor-
phous form and cannot be detected by XRD means [28]. Even so, the 
XRD results can still suggest that the crystal structure of the catalyst is 
not damaged during the impregnation and regeneration of ammonium 
bisulfate, which ensures the comparability between different samples. 

Fig. 6 shows the evolution of surface species before and after the 
deactivated catalyst was regenerated for 1 h under different atmo-
spheres. Compared to the fresh catalyst (Fig. 2), new peaks appear at 
1400 cm− 1, 1215 cm− 1, 1139 cm− 1, and 1044 cm− 1 for 5 wt% ABS- 
VWTi. As already mentioned in the previous section, the absorption 
peak at 1400 cm− 1 is caused by NH4

+ species. The peaks at 1215 cm− 1, 
1139 cm− 1 are attributed to symmetric and asymmetric stretching vi-
brations of S––O in SO4

2− and HSO4
− [11,34,42], and the asymmetric 

stretching vibrations of S–O lead to the peak at 1044 cm− 1 [11,38,43]. 
The intensity of the peak near 1400 cm− 1 of the regenerated sample was 
significantly weakened until almost disappeared. It indicates that the 
NH4

+ in NH4HSO4 of the catalyst is mostly consumed by the reaction 
while the S species partially remain on the catalyst surface as sulfates 
such as titanium sulfate and vanadium sulfate [11]. Compared to 5 wt% 
ABS-VWTi, the intensity of the peak at 1045 cm− 1 slightly decreased for 
the 5 wt% ABS-VWTi@(NO/O2) sample, and the drop (1041 cm− 1) was 
more obvious for the 5 wt% ABS-VWTi@(AN/NO/O2) sample. This is 
because the presence of NH4

+ would enhance the asymmetric stretching 
vibration of S–O–H [11]. After regeneration, the NH4

+ on the catalyst is 
consumed, which weakened the asymmetric stretching of S–O–H. 
What’s more, NH4NO3 addition weakened the vibrational intensity of 
S––O through promoting the decomposition of NH4HSO4 [13,28]. As a 
result, the peak intensity of 5 wt% ABS-VWTi@(AN/NO/O2) sample at 
1225 cm− 1 and 1139 cm− 1 was much lower than that of 5 wt% ABS- 

Fig. 3. NOx conversion and regeneration rate after regeneration of the NH4HSO4 deactivated catalysts. (a) 5 wt% NH4HSO4 (b) 10 wt% NH4HSO4.The calculation of 
the regeneration rate was described in section 2.3. Reaction conditions: 500 ppm NO, 500 ppm NH3, 5 % O2, N2 balance, GHSV = 300000 ml/(g*h). 

Table 2 
BET surface area of fresh VWTi, 5 wt% ABS-VWTi and regenerated samples with 
different atmospheres.  

Samples Fresh 
VWTi 

5 wt% 
ABS- 
VWTi 

5 wt% ABS- 
VWTi@(NO/O2) 

5 wt% ABS- 
VWTi@(AN/NO/ 
O2) 

BET surface 
area (m2/g)  

50.00  40.47  41.38  42.07  
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VWTi as well as the 5 wt% ABS-VWTi@(NO/O2) sample. 
Fig. 7 shows the NH3-TPD and H2-TPR curves for 5 wt% ABS-VWTi@ 

(AN/NO/O2) and fresh VWTi samples. The NH3-TPD results indicate 
that the acidity of the regenerated catalyst using AN/NO/O2 atmosphere 
is obviously stronger than that of the fresh catalyst, which supports that 
the 5 wt% ABS-VWTi@(AN/NO/O2) sample holds a higher activity at 
high temperatures. The H2-TPR profile of the fresh catalyst shows a 
broad reduction peak near 430 ◦C, which can be attributed to the 
reduction of V5+. Compared to the fresh catalyst, the reduction peak of 5 
wt% ABS-VWTi@(AN/NO/O2) sample shifts toward higher tempera-
tures due to the slight weakening of the redox ability of the catalyst by 
sulfation. 

The above characterization results show that the addition of NH4NO3 
accelerates the decomposition of NH4HSO4 on the catalyst surface and 
further contributes to the recovery of catalyst activity. Therefore, the 

NH4NO3-enhance SCR reaction can effectively uprate the NOx conver-
sion at low temperatures and also prevent the catalyst surface from 
covering with NH4HSO4. It is promising to apply the NH4NO3-enhance 
SCR reaction for NOx removal at temperatures lower than the appro-
priate temperatures for standard SCR. 

4. Conclusion 

Via adding NH4NO3, the denitrification activity and SO2 poisoning 
resistance of the V2O5-WO3/TiO2 catalyst at low temperatures were 
enhanced. FTIR and EDS characterizations confirmed that the addition 
of NH4NO3 attenuated the formation of NH4HSO4 on the catalyst 

Fig. 4. SEM microscopic morphology of different samples (a) Fresh VWTi (b) 5 wt% ABS-VWTi (c) 5 wt% ABS-VWTi@(NO/O2) (d) 5 wt% ABS-VWTi@(AN/NO/O2).  

Fig. 5. XRD spectra of the fresh, deactivated and regenerated samples.  

Fig. 6. FTIR spectra of 5 wt% ABS-VWTi, 5 wt% ABS-VWTi@(NO/O2) and 5 wt 
% ABS-VWTi@(AN/NO/O2). 
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surface. NH4HSO4 was loaded directly onto the catalyst, and the 
NH4HSO4-loaded catalyst was regenerated by the NO/O2 and AN/NO/ 
O2 atmospheres at 250 ◦C. The results of activity tests and catalyst 
characterization reveal that: NH4NO3 addition is effective in promoting 
the decomposition of NH4HSO4 on the catalyst surface and restore the 
activity of the deactivated catalyst. The deactivated catalyst with low 
NH4HSO4 loading is more likely to be regenerated, which means the 
regeneration process should start early when the catalyst starts to be 
deactivated in the practical use. In summary, the addition of NH4NO3 
can not only uprate the NOx conversion at low temperatures, but also 
effectively prevent the deposition of NH4HSO4 by inhibiting the gener-
ation of NH4HSO4 and accelerating the decomposition of NH4HSO4 on 
the catalyst surface. Therefore, the NH4NO3-enhanced SCR is promising 
for the NOx removal in SO2 and H2O containing flue gas at temperatures 
below 300 ◦C. 
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