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Abstract:

A technical method for diagnosing the distribut@iiNOy flux within the cross-section area in front
of ammonia injection grid (AIG) was proposed foidjng the valve-tuning of AIG branch-pipes, in
order to optimize the NgNH3; mixing ratio in the selective catalytic reducti®CR) system of
power plant. The weight coefficient of each brapghe in AIG system can be quantitatively
determined with regard to the distribution of N@ux in the corresponding sub-zone of the
cross-section area. The control strategy of theegalor different AIG branch-pipes can be achieved
for guiding the NH injection and improving the N@NH; mixing ratio within the whole
cross-section area in front of AlG. The technolbgg been applied on one side of the SCR system
flue-gas tunnels (normally two tunnels for the S§§Rtem called as A-side and B-side) of a 660 MW
plant for more than one year. The ammonia consumptte of the SCR system was reduced about
12.62% and the uniformity of outlet N@istribution was estimated to be greatly improbgdabout
79.01% with regard to the standard deviation. Tikimg rate of the flue gas resistance of the air
preheater was slown down by 39.18% compared todthihte other flue-gas tunnel of SCR system.
This implied that the formation of the sticky ammon bisulfate (ABS) on air preheater was
significantly inhibited through the applicationtbis technology.

Key Words: SCR system, N@lux distribution, ammonia injection, flue gas isgance; ammonium
bisulfate

1. Introduction

Selective catalytic reduction (SCR) technology lsymg an important role in NOremoval of the
coal-fired power plant [1-3]. Real-time denitrifican performance of a running SCR system would
be more affected by operational parameters instédlde catalyst activity as the core parameter of
SCR system design [4-6]. A retrofit project of atow emission of NQ was being forced to
proceed for coal-fired power plant in China [7,Bhe oxidation property of SCR system was greatly
enhanced due to the newly added layer of dendtific catalyst, resulting in the increase 0f;SO
concentration at the exit of the SCR system [9,T@e amount of the escaped ammonia should be
strictly limited to avoid the formation of ammoniubisulfate (ABS), which is the vital factor to
the flue gas resistance of air preheater and tleeogpeeration of the power plant [11,12].

"Corresponding author: Dekui Shen, E-mail: 10101%888u.edu.cn.
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The denitrification performance of SCR system cangkeatly influenced by the NMIH3; mixing
ratio [13-15]. The distribution of NQOconcentration within flue gas was quite uneven tfog
instability of low nitrogen combustion in boiler[1&]. Besides that, the velocity of flue gas wa®al
found to be uneven owing to the adjustment of bdied, the changes of flue structure and so
on[18,19]. The accurate flux of the N@owing can be described by the index of Nidx, which
can be obtained from the product of Nédncentration and the velocity of flue gas. The,MaX in

the sub-zone of the cross-section area in froatmhonia injection grid (AIG) varied with space and
time. The total amount of NHwas roughly equally distributed in AlIG system nethess of the
non-uniform characteristic of NGlux for most coal-fired plants[20]. Consequentlye amount of
ammonia escape would significantly increase in otdemeet the strict emission standards within
those all sub-zones of the cross-section areakySABS (liquid phase) was greatly formed at the
cold-side of air preheater, leading to the increddbe flue gas resistance of air preheater[21,22]
The partition-controlled AIG system was widely ugedng to its potential of N@NH3; mixingratio
tuning [23]. The amount of ammonia injected for sub-unit of AIG system could be independently
tuned though the corresponding valve installedh@nAIG branch-pipes. The NMIH3; mixing ratio

in SCR system could be adjusted for achieving tleali matching of the amount of Nkhjection
and NQ flux and minimizing the amount of ammonia escapewever, the strategy for tuning the
valves of AIG branch-pipes to gain the optimal J\X(H3; mixingratio is insufficiently reported in the
literature.

A technical method for diagnosing the distribut@NO flux within the cross-section area in front
of AIG was proposed for guiding the valve tuningAdfs branch pipes, in order to optimize the
NO./NH3; mixing ratio in the SCR system of power plant. T¥e#ght coefficient of each branch-pipe
in AIG system can be quantitatively determined welyard to the distribution of Ndlux in the
sub-zone of the cross-section area designatecetbrinch-pipes. The control strategy of the valves
for different AIG branch-pipes can be achieved doiding the NH injection and improving the
NO,/NH3 mixing ratio within the whole cross-section aredront of AIG. The proposed technology
has been applied on one side of the SCR systerheo660 MW plant, exhibiting the ability for
tuning the NGQ/NH3 mixing ratio.

2. Methods

2.1. The AIG structure of SCR system

With the assistance of the Nhhjected, the NQin flue gas was removed and converted to the
harmless nitrogen in the presence of denitrificatatalyst. The chemical reactions involved could
be described as Eq. (1)~(4) [24]. However, stuldege shown that the proportion of NO in the flue
gas was about 95%, and it is generally recognited the critical denitrification path can be
characterized by Eq. (1)[25,26]. That is to say$@R system would be maintained efficiently and
safely when the N@NH3; mixing ratio was tuned at 1:1, instead of resgltin more ammonia
escape or excessive emissions ofNO

4NO + 4NHj; + 0, — 4N, + 6H,0 (D
6NO + 4NH; - 5N, + 6H,0 (2)
6NO, + 8NH; — 7N, + 12H,0 (3
2NO, + 4NH; + 0, — 3N, + 6H,0 (4)

The SCR system belonged to a 660MW subcriticalgeatially-firing pulverized-coal boiler was
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studied here, which could be shown in Fig. 1. Atheeornerof the furnace, there are six layers of
low NOx burners with over fire air (OFA) arrangedthe top. The NQinvolved in the flue gas
coming from the economizer and the Nidjected through the AIG system consist of 27 anlis
were fully mixed rely on the static mixer appliegeveral flue turns and so on. Then the
denitrification reaction was orderly carried outlie catalyst area bringing about the removal of NO
pollutants. The NQflux in the cross-section A, which was locatedront of AlIG system, should be
further studied because of its non-uniform disttitou characteristics.

==
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Static mixer

AIG system
(27 sub-units)

=5
Flue gas "
coming from the economizer =11l

‘ ..........

Cross-section A=~

Flue gas
flowing to the air preheater

Cross-section C

Fig. 1. Schematics of the SCR system
The partition-controlled AIG system with 27 subisnivas adopted in the SCR system of the

case work. These 27 sub-units could be divided 9nikentical groups which was respectively made
up of 3 different inject sub-units. The mixtureNifl; and dilution air was injected to the flue by the

above 27 sub-units, and the injection amount oh eab-unit could be independently tuned though
the corresponding butterfly valve installed on &I& branch-pipes. Moreover, the cross-section A
could be hypothetically divided into 27 sub-zonesine with the 27 sub-units of AIG system, which

could be shown in Fig. 2.

-1 1213 2-12223 313233 414243 515253 6-1626-3 7-17-27-3 818283 9-109-2093
Fig. 2. The partition-controlled AIG system.
The hypothetical partitioning method for specificogs-section is closely related to the
controlled area of each AIG sub-unit, dependinghenstructural characteristics of the AIG system,
such as the number and the location of these siib-aind so on. The opening of the 27 butterfly
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valves should be tuned according to the yNftux distribution characteristics within each
corresponding sub-zones, achieving the bette/Nid; mixing ratio in the SCR system.
2.2. Acquisition and evaluation of the NO flux distribution

The distribution characteristics of N@ux in the cross-section A could be obtained tigio the
13 temporary test holes available, where 3 meagulapths were designed for each temporary test
hole. The distribution characteristics of NEncentration in the cross-section C, which wasted
at the exit of SCR system, could also be obtainethasis of the 8 available temporary test holes.
The dimensionless depth of above 3 measuring depthse cross-section A/C was 1/6, 1/2, 5/6,
respectively.The NQconcentration and the velocity of flue gas shduddseparately measured on
each discrete-node firstly. The measurement ofvélecity was realized by using a micro pressure
gauge and a pitot tube of S type with a correctamtor of 0.85, and the NG/olume concentration
was carried out through the Testo 350 flue gasyaeal

The index of standard deviation was adopted touatal the uniformity of the NOflux
distribution, which could be shown as Eq. (5)[27].

[En,(e—9?/(n-1)
= - X 100% (5)

where ¢, x;, ¥, n represented the standard deviation, the, flix of discrete-nodg, the
mean of NQ flux in the cross-section area studied and thebmirof discrete-node, respectively.

2.3. Analytic method of AlIG branch-pipe weight coefficient

The NQ/NHz mixing ratio in SCR system would be optimized tigb the diagnose of NO
flux distribution which was reflected by the AIG dnch-pipe weight coefficient. The weight
coefficient of each branch-pipe in AIG system understeady load condition could be
guantificationally determined with regard to thestdbution of NQ flux in the corresponding
sub-zone of the cross-section A, which can be de=tias Eq. (6)[23].

@i = [/ fmean (6)

where ¢}, ¥, fmean represented the weight coefficient of branch-pipender steady load
condition of r, the NQ flux within the sub-zone of cross-section A colie@ by branch-pipa
under steady load condition af and the mean of NOflux in the whole cross-section A under
steady load condition of, respectively.

Spatial variation of the N(flux in each sub-zone of cross-section A was featwia the index
of ¢;. The NQ flux would also varied with load condition adjugm. Accordingly, the global
weight coefficient of each branch-pipe in AlIG systeould be obtained based on the following
principles, which could be shown as Eq. (7).

ATT
P =2 ¢f (7)

where ¢;, AT, AT represented the global weight coefficient of brepipei, the time period
of load condition oft and the total sample time studied, respectively.

It can be inferred that the variation of N@ux in the sub-zone with space and time could be
described in line with the index af;. The opening of AIG valves installed on each brapipe
should be adjusted accordingly based on the weigkfficient differences. The corresponding
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relationship between the weight coefficient anduhkwe opening could be described as Eq. (8).

ON; = ONpoy + % (8)
where ON; , ONp0x » Pmax, ¢ represented the opening of AIG branch-pipe valveéhe
maximum opening of all AIG branch-pipe valves, tmaximum weight coefficient of all AIG
branch-pipe and and the compression coefficiespastively.

The compression coefficierit introduced here was an empirical coefficient edato the
maximum weight coefficient, the minimum weight do@ént and the extremum of expected
opening for all branch-pipe valves. The openinghelse branch-pipe valves would be kept within a
reasonable range.

3. Results and discussion

3.1. The diagnose of NOy flux distribution within key cross-section area

3.1.1 Analysis of the NOy flux distribution for within cross-section A

The test work of the NQOconcentration and the velocity of flue gas witbhinss-section A was
conducted rely on the 13 temporary test holes abil under 3 sets of stable load conditions
including 300, 450 and 580MW as shown in Fig. 3(@)~Apparently the NOflux distribution of
each condition within cross-section A had showestirit inhomogeneity. Furthermore, the standard
deviation of NQ flux distribution under the above load conditiomas calculated to be 25.24%,
21.98%, 20.23%, respectively.

NO, flux (mg-s*-m?) NO, flux (mg-s*-m?)
4000
3300
3400+ 3200 4500+, 3750
100 4000

. 35004

3000+
2900

2500+
2800

2000-L_
— - 2700 4000
3000 T~ ~ — 15000
2000 T~ _— 10000 2600

(o
Fig. 3. The distribution of NQflux within cross-section A under different loada) 300 MW, (b) 450MW, (c) 580MW.
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It can be found that the NCflux within the hypothetical 27 sub-zones in limgth AIG
structure differed remarkably. However, an unifddis injection strategy had been applied in the
above SCR system, where a poor mixing ratio of/NB3; was destined to be maintained.

3.1.2 Analysis of the NOy distribution within cross-section C

The serious inhomogeneity of N@ux at the outlet of SCR reactor could be regdrds one of
the unfavorable problems caused, due to the pototimg of NQ and NH. The NQ distribution of
each discrete-node within the cross-section C vidaieed under 2 sets of stable load conditions
including 300 and 580MW as shown in Fig. 4(a)~(b).
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(@ (b)
Fig. 4. The distribution of NQwithin cross-section C under different loads:38) MW, (b) 580 MW.

As can be seen from the Fig. 4, the outlet,Ni&tribution had showed serious inhomogeneity
with the standard deviation about 51.79% and 83.67%00 and 580MW load condition. The total
amount of NH should be excessively injected in order to entegenaximum NQconcentration of
all discrete-nodes, such as the dimensionless d#ftbf test hole 5 under 580MW load condition,
meeting the strict standard. As a result, the animescape of the minimum emission discrete-node,
such as the dimensionless depth 1/6 of test holedér 580MW load condition, would be bound to
significantly increase resulting in a large amooi&ABS generation. Besides of that, the single poin
sampling method for monitoring the concentrationootlet NQ was adopted in the continuous
emission monitoring system of power plant. The meawent accuracy of N@oncentration would

be sharply reduced owing to the serious inhomogerdi concentration distribution, which went
against the safe operation of the plant.

3.2. Optimization of NH3 injection strategy based on weight analysis

Based on the weight coefficient determined methamhe&d in Eq (6), the weight coefficient of
the 27 branch-pipes under 300, 450 and 580MW |aadlition was quantificationally calculated
respectively according to the structure of theipantcontrolled AIG system adopted showed in Fig.
2 and the distribution characteristics of Nifix within cross-section A showed in Fig. 3. Tingh,
medium and low operating load conditions of thenpktudied can be represented by 300, 450 and
580MW respectively. Accordingly, the load distritaut characteristics of the plant studied was

roughly analyzed on the basis of the operating fdeita0 consecutive days as shown in Table 1.
Table1

The load distribution of the plant within 20 congtiee days.



Load distribution High load condition Medium load condition Low load condition

interval (>500MW) (400MW-500MW) (<400MW)
Sum of time periods 1495 h 121.0h 2095 h
(AT7)
Proportion 31.15% 25.21% 43.65%
189 Consequently, the global weight coefficient of #¥ebranch-pipes for the plant studied could be

190 obtained featuring the distribution of N@ux in each sub-zone under full load conditioAs.shown
191 in Fig. 5, it was easily found that global weigloefficient varied greatly for different branch-pgoe
192  For example, the global weight coefficient of brapipe 5-1 was found to be the maximum reached
193 to 1.087. Meanwhile the global weight coefficiert lmranch-pipe 9-1 was only about 0.760.
194  Accordingly, the opening of the valve installed branch-pipe 5-1 should be maintained at
195 maximum, and the opening of the valve installed bbanch-pipe 9-1 should be maintained at
196  minimum. Only in this way can the NIH3z mixing ratio be matched well.

1.10 < B branch-pipe i-1

d : ®  Dbranch-pipe i-2
1.05 A " i A branch-pipe i-3
e 1 :
g 1.00 4 : ‘ A ry
.S 1 u
5 0.95-
O 4
o)
= 090
= 1 A
£ 085
20 _
£ 050
] L ]
0.75 4 =
T T T T T T T T T
1 2 3 4 5 6 7 8 9
Serial number of AIG branch-pipe i
197
198 Fig. 5. The global weight coefficient of 27 branch-pipéshe SCR system.
199 Table 2
200 The strategy for NElinjection based on the weight analysis.
1-2 2-2 3-2 4-2 5-2 6-2 7-2 8-2 9-2
Valve
) 1-1 2-1 3-1 4-1 5-1 6-1 7-1 8-1 9-1
numbering
1-3 2-3 3-3 4-3 5-3 6-3 7-3 8-3 9-3
56 58 54 80 80 70 54 60 39
Valve
) 54 60 52 75 80 80 54 58 38
Opening (°)
52 58 54 65 65 65 56 56 44
201 The opening of AlIG valves installed on each brapigte should be adjusted accordingly based

202  on the weight coefficient differences and the cowtion principle as shown in Eg. (8). The AIG
203  valve used in this case had a maximum opening D886 a minimum opening of 0°. Moreover, the
204  @pax Was found to be 1.087 and tliwv,,,, was empirically assumed to be 80°. The opening of
205 these 27 AIG valves would be kept within a reastmalange via a reasonable compression
206  coefficient ¢, which was empirically set to 0.011 here. Theropted NH; injection strategy adopted
207  could be shown in table 2.
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3.3. The evaluation of the optimized NH3 injection strategy

The application effect could be reflected throulgld &nalysis of the ammonia consumption rate, the
uniformity of outlet NQ distribution and the rising rate of the flue gasistance of air preheater,
once the optimized Niinjection strategy was put into use for a period.

3.3.1 The ammonia consumption rate

The ammonia consumption rate (ACR) was adoptedviduate the application effect of the
optimized ammonia injection strategy as shown in(@} It could be inferred that the higher ACR,
the lower the utilization rate of ammonia and ther@érammonia escape.

ACR = M, /[(C&, — €24 Qf] (9)

where M (mg-H"), ¢ (mg-Nmd), Cg¥(mg-Nmd), Q-(Nm®h") represented the mass flow

of ammonia consumed, the mass concentration of M&, the mass concentration of outlet NO
and the volume flow of flue gas, respectively.

The optimized NH injection strategy was applied on the SCR systetheaend of June. The
ammonia consumption characteristic of the SCR sydiefore optimization could be reflected by
the average ACR in the first half of the year, whicas calculated 0.420 as shown in Fig. 6.

0.6 4 Bl Before optimization
B Afier optimization

ammonia consumption rate

month
Fig. 6. The ACR before and after optimization in the casekwo
However, the average ACR was reduced to 0.367 @ dbcond half of the year after
optimization. It was obvious that the average AGRhe SCR system reduced about 12.62% due to
the application of the optimized NHhjection strategy. The occurrence of the ACR dase could
be designated to the optimization of the JAH3; mixing ratio. The formation of ABS can be
significantly confined, improving the operation fmemance of the plant.

3.3.2 The uniformity of the NO distribution of cross-section C

After the application of the optimized NHnjection strategy, the NQdistribution of each
discrete-node within the cross-section C was obthiagain under 2 sets of stable load conditions
including 300 and 580MW as shown in Fig. 7(a)~(b).
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Fig. 7. The distribution of NQwithin cross-section C under different loads aftptimization: (a) 300 MW, (b) 580 MW.
As can be seen from the Fig. 7, the uniformity alet NO, concentration distribution was both

obviously improved under 300 or 580MW load conditidhe standard deviation of 300MW load
condition was reduced from 51.79% to 14.27%, amdséime indicator of 580MW load condition
was similarly reduced from 83.67% to 14.16%. Itlddoe calculated that the standard deviation of
outlet NQ, concentration distribution would reduce from 624/® 14.22% with a decrease of about
79.01% after the optimization. Consequently, thialtamount of ammonia could be reasonably
injected to limit the ammonia escape at any diseneide within cross-section C.
3.3.3 Therising rate of the flue gas resistance of air preheater

There is no doubt that the ammonia escape woulgdigced due to the reduction of the ACR.
This would help to inhibit the formation of sticlABS on the cold side of air preheater, confining th
rising rate of the flue gas resistance of air patée

3.5~

A side-Optimized
B side-Unoptimized

3.0 1

2.5+

Applied |

2.04

‘u ﬁw

M p M

|l‘l \1

‘lll

0.5

0.0

The resistance of air preheater (kPa)

0.5 T T T T T T 1

6 7 8 9
Month

Fig. 8. The rising trend of the flue gas resistance opedéheater in the SCR system
As can be seen from the Fig. 8, the rising trendhefflue gas resistance of air preheater showed

different characteristics before and after optimitwa Before the application of this technologye th

average resistance of A and B side was about OR¥,5k.026kPa. And the monthly rising rate of
these two sides was relatively low, at 11.01% aB@&26, respectively. The rising rate has changed
dramatically after the optimization. The risingeraif the flue gas resistance of A side was still
increased slowly, but the increase of that of Besihs obviously accelerated. According to the
analysis of the three-months operation data dfieoptimization, the average resistance of A and B
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side was found to be about 1.099kPa and 1.815kBhould be noted that the rising rates of A side
optimized increased by 14.67% and the rising ratd3 side unoptimized increased by 53.85%. The
rising rate of flue gas resistance could be redune@bout 39.18% due to the application of the
optimized NH injection technology. This implied that the formoat of the sticky ABS on air
preheater was significantly inhibited through tipplecation of this technology.

4. Conclusions

A technical method for diagnosing the distributiohNOy flux was proposed for optimizing the
NO./NH3; mixing ratio in SCR system of power plant. The AGRthe SCR system was reduced
about 12.62% and the uniformity of outlet NOx dimttion was obviously improved by about 79.01%
with regard to the standard deviation after theliagipon of the optimized NElinjection strategy.
The rising rate of the flue gas resistance of e@hpater was about 39.18% lower than that of the
unoptimized side of SCR system. The formation wkgtABS might be significantly confined with
thanks to the application of this technical method.

Acknowledgements

This work was supported by the international callalion project from Department of Science and
Technology of Jiangsu Province [grant number BZ2QH].

References

[1] X. Cheng, X.T. Bi, A review of recent advandesselective catalytic NOx reduction reactor
technologies, Particuology 16 (2014) 1-18.

[2] L. Dong, H. Liang, Spatial analysis on Chinaggional air pollutants and CO2 emissions:
emission pattern and regional disparity, AtmosghEnvironment 92 (2014) 280-291.

[3] T. Boningari, P.G. Smirniotis, Impact of nitrexg oxides on the environment and human health:
Mn-based materials for the NOx abatement, Currgmnion in Chemical Engineering 13 (2016)
133-141.

[4] J. Hu, J. Zeng, L. Wei, Failure diagnosis antetant control method for hydrothermally aged
SCR system by utilizing EKF observer and MRAC colhér, Energy 156 (2018) 103-121.

[5] Y. Gao, T. Luan, T. LU, K. Cheng, H.M. Xu, Permance of V205-W0O3-MoO3/TiO2 Catalyst
for Selective Catalytic Reduction of NOx by NH3,itdse Journal of Chemical Engineering 21(1)
(2013) 1-7.

[6] C. Wu, X. Sun, B. Shen, P.T. Williams, Evalaatiof carbon nanotubes produced from toluene
steam reforming as catalyst support for selectatalgtic reduction of NOx, Journal of the Energy
Institute 87(4) (2014) 367-371.

[7] M. Shuangchen, C. Jin, J. Kunling, M. Lan, 4ji€& W. Kai, Environmental influence and
countermeasures for high humidity flue gas disangrgrom power plants, Renewable and
Sustainable Energy Reviews 73 (2017) 225-235.

[8] W.Z. Shi, M.M. Yang, X.H. Zhang, S.Q. Li, Q. ®¥aUltra-low emission technical route of
coal-fired power plants and the cooperative removahongguo Dianji Gongcheng
Xuebao/Proceedings of the Chinese Society of EbattEngineering 36(16) (2016) 4308-4318.

[9] X. Wang, X. Du, L. Zhang, Y. Chen, G. YangRhan, Promotion of NHAHSO4 decomposition in
NO/NO2 contained atmosphere at low temperature ¥2&5-WO3/TiO2 catalyst for NO reduction,



295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338

Applied Catalysis A: General 559 (2018) 112-121.

[10] T. Schwammle, F. Bertsche, A. Hartung, J. Biearstein, B. Heidel, G. Scheffknecht, Influence
of geometrical parameters of honeycomb commerd@R-HeNOx-catalysts on DeNOx-activity,
mercury oxidation and SO2/S0O3-conversion, Chenttoglineering Journal 222 (2013) 274-281.
[11] Y.F. Bu, L.M. Wang, X. Chen, X.Y. Wei, L. Dend. Che, Numerical analysis of ABS
deposition and corrosion on a rotary air preheatgaplied Thermal Engineering 131 (2018)
669-677.

[12] L. Muzio, S. Bogseth, R. Himes, Y.-C. Chien, Dunn-Rankin, Ammonium bisulfate formation
and reduced load SCR operation, Fuel 206 (201791830

[13] F.Y. Gao, X.L. Tang, H.H. Yi, S.Z. Zhao, C L, J. Li, Y. Shi, X. Meng, A Review on Selective
Catalytic Reduction of NOx by NH3 over Mn—Based dldts at Low Temperatures: Catalysts,
Mechanisms, Kinetics and DFT Calculations, Cataly$?) (2017) 1-32.

[14] M. Zhu, J.-K. Lai, U. Tumuluri, M.E. Ford, ZVu, |.E. Wachs, Reaction Pathways and Kinetics
for Selective Catalytic Reduction (SCR) of Acidi®©OX Emissions from Power Plants with NH3,
ACS Catalysis 7(12) (2017) 8358-8361.

[15] I. Malpartida, O. Marie, P. Bazin, M. DatuX. Jeandel, The NO/NOx ratio effect on the
NH3-SCR efficiency of a commercial automotive Felie catalyst studied by operando IR-MS,
Applied Catalysis B: Environmental 113-114 (2012)&D.

[16] X. Liu, H. Tan, Y. Wang, F. Yang, H. Mikulci®/. Vujanovic, N. Duic, Low NOx combustion
and SCR flow field optimization in a low volatileoal fired boiler, Journal of environmental
management 220 (2018) 30-35.

[17] S. Li, Z. Chen, X. Li, B. Jiang, Z. Li, R. Su®. Zhu, X. Zhang, Effect of outer secondary-air
vane angle on the flow and combustion charactesigthd NO x formation of the swirl burner in a
300-MW low-volatile coal-fired boiler with deep astaging, Journal of the Energy Institute 90(2)
(2017) 239-256.

[18] Y. Xu, Y. Zhang, F. Liu, W. Shi, J. Yuan, CFRihalysis on the catalyst layer breakage failure of
an SCR-DeNOx system for a 350MW coal-fired powemnpl Computers & Chemical Engineering
69 (2014) 119-127.

[19] Y.Y. Xu, Y. Zhang, J. Wang, J. Yuan, Applicati of CFD in the optimal design of a
SCR-DeNOx system for a 300MW coal-fired power pl@amputers and Chemical Engineering 49
(2013) 50-60.

[20] M.A. Buzanowski, D. Fadda, Optimized ammonmection for power plant SCR systems,
2007 ASME Power Conference, American Society of edical Engineers (2007) 493-496.

[21] C. Li, M. Shen, T. Yu, J. Wang, J. Wang, Y.athThe mechanism of ammonium bisulfate
formation and decomposition over V/WTi catalysts IfdH3-selective catalytic reduction at various
temperatures, Physical chemistry chemical physRISCP 19(23) (2017) 15194-15206.

[22] D. Ye, R. Qu, H. Song, X. Gao, Z. Luo, M. Nf. Cen, New insights into the various
decomposition and reactivity behaviors of NHAHSO#hwWO on V205/TiO2 catalyst surfaces,
Chemical Engineering Journal 283 (2016) 846-854.

[23] G.F. Liu, D.K. Shen, R. Xiao, Optimization aedperimental verification of AlIG tuning for
SCR system of coal-fired power station based ogmdise of flow field, Dongnan Daxue Xuebao
(Ziran Kexue Ban)/Journal of Southeast UniveraNat{ural Science Edition) 47(1) (2017) 98-106.
[24] H. Sjovall, L. Olsson, E. Fridell, R.J. Blirbelective catalytic reduction of NOx with NH3 over
Cu-ZSM-5—The effect of changing the gas composjtiypplied Catalysis B: Environmental 64(3-4)



339
340
341
342
343
344
345
346
347
348

(2006) 180-188.

[25] L.Y. G. Ramis, G. Busca Ammonia activation oeatalysts for the selective catalytic reduction
of NOx and the selective catalytic oxidation of NH8 FT-IR study, Catalysis Today 28(4) (1996)
373-380.

[26] Luca Lietti, Isabella Nova, Gianguido Ramigrénzo Dall'Acqua, Guido Busca, Elio Giamello,
Pio Forzatti, F. Bregani, Characterization and tiedg of V205-MoO3/TiO2 De-NOx SCR
catalysts, Journal of Catalysis 187(2) (1999) 439-

[27] Z. Lei, C. Wen, B. Chen, Optimization of imeits for Selective Catalytic Reduction (SCR) for
NO removal, Environ Sci Technol 45(8) (2011) 343443



Journal of the Energy Institute

Highlights

NH; injection strategy of AIG areawas obtained viaanalysis of NOy flux

distribution

Ammonia consumption rate and smoke-flow resistance rising rate was limited.

The uniformity of outlet NO distribution was greatly improved.



