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Research progress on poisoning and regeneration of catalysts at

medium-low temperature NH3-SCR
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Abstract The selective catalytic reduction (SCR) of NOx with NH3 at medium-low temperature
are widely used in steel, coking, ceramics, glass, cement, waste incineration, gas boilers and
other non-electric industries. Different working conditions, sulfur, acid, alkali metals, fly ash, etc.
lead to poisoning of SCR catalysts. Therefore, how to prepare SCR catalysts with the excellent
anti-poisoning ability and regenerate deactivated catalyst are still a big challenge and attracted
more attention. This review compares and summarizes the application, the mechanism of
resistance to poisoning and regeneration methods under various industrial SCR conditions of
medium-low temperature. Finally, the prospect of SCR technology at medium-low temperature is
discussed.

Keywords medium-low temperature NH3-SCR, deNOy, catalyst, resistance to poisoning,
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Fig. 1 (a) Schematic diagram of NH3~SCR of Cuo.2Ce/CAC-CNTs*7;
(b) Schematic diagram of relationships between the sulfate species and NO conversion on the sulfated CeO,*!;
(c) Adsorption models of SO proposed on CeO,, Ce/TiO2 and Ti/CeQ,[51
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Fig. 2 (a) NO conversion versus loading K20 amounts at 100 <C over CeMn and CeMn-Z5. Reaction conditions: 0.05% NO,
0.05% NH3, 5% O3, 5% H20, and balanced with Ar, WHSV = 60000 mL h g%; (b) Schematic illustration of the anti-K

poisoning mechanism over CeMn catalyst coupled with ZSM-5[58]
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Fig. 3 Proposed mechanism of SCR on regenerated MW/Ti (M =Fe, Mn, Cu, V) catalystsl™
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69.83%77 il Pk 52 &5 90.57%F1 96.5%, R TR HEVR Ja AL TFITE PR L 0 P e/ o FAR SR PR E R A
AR = B — A AT LA AL L R T AR FLAAR AR , 225 3 95 3R [ Lewis 1 Brensted B0 &1,
AR R ERESE, MK E T SCR 1RE.

2.4 HAth

B AR EBAR K7L ULFE ABS 18 SCR fi4kifl. Song 5BV HL, ABS ikl
V205-M003/CeO2-TiO2 AL NH3-SCR i1 v Ll BLHzR K ik . Aok, — SR yE R
] DU R0 P AR B 4 R B AN . LI SRR A PR AL 1) T 9 A R o My 5 AR £ 0 Tk
(OP-10) XH5H (1) V20s-WOS/TIO, AL, KIUAH LLAL SRR ERIA WS, OP-10 HA K
B Ca?t LR MBARMNETELH 7 V205 FIHFE, o8 T AR I RO UAEE A Rl . AR
R BRI & T LAAL B A 2 AR, AR AR = S TRk B — e A, I P AR T bR e . A
TR IRAE IR H Y AT AR FEE B o AR B A R R A . Niu 508502 ) FH g e P A A B AT T ) % 1
EE TR AR R, IR IR AR AR, N SRR DU £ B, AU . Ak, Ak
BRBRAT B P AR E K EVE R R R IR T, R IR S (-S-H) Hhag i -S Bt O-As
ST IE L) ASSRT ASY, BEUH 21 AR AsS. ILAEWIR HIARHE T As (RO 4 77
YIRSk, A LG5 AL SRR S & (o A R AR R 24

M, BAERARAEZE GRS, T HIEFHRER SR, . RENEMHR. 0 GE
J5) AL RE A RS . BT RO . R .

3 ME5RE (Summary and outlook)

HGiRE NHs-SCR 72 H AT AR AT ML B I iR BoR, T Lo B 2%, B m AL )
Sy P RE A IR o A S RS T AR AT ML T PR B D <3 L K B BRI AR S5 2% BTN NH3-SCR
AR RN, ApTrh aE SCR MEALTAIBETTH SRS,  DUIIE — @R LRI/ 2% BORHE PEA R 35
AR, S0 2% b S AT R A S N5, RE M P s PERE . BRAh, X T ARG AIBLA AL, /41
TOEAMBARAR B, MEAEE. SRR, Jui (1D SJETEE0h2 B B Sk i .
ARRATHIRT5 5 Fi& Hh ST B RO R A7) 5 e AR DA S 2 2 b L A ek e PRI A A7), HERE R AT
MRS e i A T R R

8 £ X B (References)

[1] SILAS K, GHANIW AW A, CHOONG T S Y, et al. Carbonaceous materials modified catalysts for simultaneous SO,/NOy removal from flue gas:
A review [J]. Catalysis Reviews-Science and Engineering, 2019, 61(1): 134-161.

[2] ROLLINS A W, BROWNE E C, MIN K E, et al. Evidence for NOy control over nighttime SOA formation [J]. Science, 2012, 337(6099):
1210-1212.

[3] KAMPA M, CASTANAS E. Human health effects of air pollution [J]. Environmental Pollution, 2008, 151(2): 362-367.

[4] LELIEVELD J, EVANS J S, FNAIS M, et al. The contribution of outdoor air pollution sources to premature mortality on a global scale [J]. Nature,
2015, 525(7569): 367-371.

[5] MOSTAFAVI N, VLAANDEREN J, CHADEAU-HYAM M, et al. Inflammatory markers in relation to long-term air pollution [J]. Environment
International, 2015, 81: 1-7.

[6] ZENG Y Y, CAO Y F, QIAO X, et al. Air pollution reduction in China: recent success but great challenge for the future [J]. Science of the Total
Environment, 2019, 663: 329-337.

[7] e NRSLFNE A S FREEET. 2016-2019 4 EH A S LA R [R]. 2020.
Ministry of Ecology and Environment of the People's Republic of China. National Ecological and Environmental Statistics Bulletin: 2016-2019

[R]. 2020 (in Chinese).



[8] %%, DUl 1A%, 5. P ERGAT I HEBOE B LRSI e [3]. R EFRER 2, 2020, 40(4): 1493-1506.
Tang L, JIA M, BO X, et al. High resolution emission inventory and atmospheric environmental impact research in Chinese iron and steel
industry [J]. China Environmental Science, 2020, 40(4): 1493-1506 (in Chinese).

[9] B, G748, EEA, %5 SCR BAHAIEIEBAT RS IA B R R [9]. BLAIL T, 2019, 39(10): 24-28.
ZHANG D J, MA Z R, WANG B D, et al. Progress in application of SCR denitrification technology in treating flue gas of non-electric industries
[J]. Modern Chemical Industry, 2019, 39(10): 24-28 (in Chinese).

[10] EfBxr, Z=fads, MiTr, 55 TEREAHTBEE R BRI R [3]. TikfEf, 2019, 27(2): 1-23.
WANG X W, LILL,SUNJF, etal. Analysis of NOx emission and control in China and research progress in denitration catalysts [J]. Industrial
Catalysis, 2019, 27(2): 1-23 (in Chinese).

[11] %% 4, PMET5, TR EARER (< 150 <T) SCRBEAT Ut [J]. fT5:4k, 2020, 71(11): 4873-4884, 5362.
Tang C J, SUN J F, DONG L. Recent progress on elimination of NO, from flue gas via SCR technology under ultra-low temperatures (< 150 <C)
[9]. CIESC Journal, 2020, 71(11): 4873-4884, 5362 (in Chinese).

[12] A%, xI2), BER & REMECERBEECTMRER D] BREFIR, 2009, 37(2): 317-324.
ZHOU T, LIU S G, TANG M Z, et al. Research progress on selective catalytic reduction deNOy catalysts [J]. Journal of the Chinese Ceramic
Society, 2009, 37(2): 317-324 (in Chinese).

[13] CHAIEB T, DELANNOY L, CASALE S, et al. Evidence for an H, promoting effect in the selective catalytic reduction of NOyx by propene on
Au/Al,O3 [J]. Chemical Communications, 2015, 51(4): 796-799.

[14] NGUYEN L Q, SALIM C, HINODE H. Roles of nano-sized Au in the reduction of NO by propene over Au/TiOy: an in situ DRIFTS study [J].
Applied Catalysis B: Environmental, 2010, 96(3-4): 299-306.

[15] MORE P M, NGUYEN D L, GRANGER P, et al. Activation by pretreatment of Ag-Au/Al,O; bimetallic catalyst to improve low temperature
HC-SCR of NOx for lean burn engine exhaust [J]. Applied Catalysis B: Environmental, 2015, 174: 145-156.

[16] KANG M, KIM D J, PARK E D, et al. Two-stage catalyst system for selective catalytic reduction of NOy by NHj3 at low temperatures [J].
Applied Catalysis B: Environmental, 2006, 68(1-2): 21-27.

[17] LAN T W, ZHAO Y F, DENG J, et al. Selective catalytic oxidation of NH3 over noble metal-based catalysts: state of the art and future prospects
[J]. Catalysis Science & Technology, 2020, 10(17): 5792-5810.

[18] CAMPA M C, DOYLE A M, FIERRO G, et al. Simultaneous abatement of NO and N,O with CH, over modified Al,O3 supported Pt, Pd, Rh [J].
Catalysis Today, 2022, 384: 76-87.

[19] LI JH, CHANG H Z, MA L, et al. Low-temperature selective catalytic reduction of NO, with NH3 over metal oxide and zeolite catalysts—A
review [J]. Catalysis Today, 2011, 175(1): 147-156.

[20] SHAN Y, LIU Y X, LI, et al. A review on application of cerium-based oxides in gaseous pollutant purification [J]. Separation and Purification
Technology, 2020, 250: 117181.

[21] JABLONSKA M, PALKOVITS R. Copper based catalysts for the selective ammonia oxidation into nitrogen and water vapour—Recent trends
and open challenges [J]. Applied Catalysis B: Environmental, 2016, 181: 332-351.

[22] HUSNAIN N, WANG E L, LI K, et al. Iron oxide-based catalysts for low-temperature selective catalytic reduction of NOy with NH; [J].
Reviews in Chemical Engineering, 2019, 35(2): 239-264.

[23] XU J Q, CHEN G R, GUO F, et al. Development of wide-temperature vanadium-based catalysts for selective catalytic reducing of NOy with
ammonia: Review [J]. Chemical Engineering Journal, 2018, 353: 507-518.

[24] TIAN H Y, PING Y, ZHANG Y B, et al. Atomic layer deposition of silica to improve the high-temperature hydrothermal stability of Cu-SSZ-13
for NH3 SCR of NOy [J]. Journal of Hazardous Materials, 2021, 416: 126194,

[25] MOHAN S, DINESHA P, KUMAR S. NOy reduction behaviour in copper zeolite catalysts for ammonia SCR systems: A review [J]. Chemical
Engineering Journal, 2020, 384: 123253.

[26] SJOVALL H, BLINT R J, OLSSON L. Detailed kinetic modeling of NH3z SCR over Cu-ZSM-5 [J]. Applied Catalysis B: Environmental, 2009,
92(1-2): 138-153.

[27] NIU C, SHI X Y, LIU F D, et al. High hydrothermal stability of Cu-SAPO-34 catalysts for the NH3-SCR of NOy [J]. Chemical Engineering



Journal, 2016, 294: 254-263.

[28] GAO F, WASHTON N M, WANG Y L, et al. Effects of Si/Al ratio on Cu/SSZ-13 NH3;-SCR catalysts: Implications for the active Cu species and
the roles of Bronsted acidity [J]. Journal of Catalysis, 2015, 331: 25-38.

[29] MIHAI O, WIDYASTUTI C R, ANDONOVA S, et al. The effect of Cu-loading on different reactions involved in NH3-SCR over Cu-BEA
catalysts [J]. Journal of Catalysis, 2014, 311: 170-181.

[30] EHuFi, A E, 2=mems, 55 BRAEMAFR AR NH S B EMR SR NO I Feik e [J]. A2 Tl T, 2015, 32(3): 46-52.
WANG Y L, HE Z G, LI X X, et al. Research progress on carbon supported catalysts for low temperature selective catalytic reduction of NO
with NH3 [J]. Chemical Industry and Engineering, 2015,32(3): 46-52 (in Chinese).

[31] 5z, ABRE, MEMEZR, & BB AMESBE AR 0] 58T, 2012, 30(4): 73-75, 52.

SU Y, SHAO P, SUI G R, et al. Study on technologies of flue gas denitration in glass furnaces [J]. Environmental Engineering, 2012,30(4):
73-75, 52 (in Chinese).

[32] JEEHE, AT, BREEE:, 5. FHIE Tk a8 <t IR SCR BN H AT 5L [9]. #FE LA 4, 2015, 9(2): 817-822.

TANG Z X, CEN C P, CHEN X B, et al. Pilot-scale study on SCR technology applied in flue gas deNOx of flat glass furnaces at low & middle
temperatures [J]. Chinese Journal of Environmental Engineering, 2015, 9(2): 817-822 (in Chinese).

[33] XLz, W%, 2ok, 45 Ce 574k TiO,-V20s-WOs fEMLTITER B E B P IR [J]. MBS 4L 515iR, 2019, 41(6): 668-671.

LIU H B, GU J, LI W, et al. Denitration application of Ce additive TiO2-V,0s-WOj3 catalyst in cement kiln [J]. Environmental Pollution &
Control, 2019, 41(6): 668-671 (in Chinese).

[34] BE L0, XIpRU%, FRHE, 45, hisfi Bkl SCR ML AL FIRIAF k& [9]. IARIL T, 2022, 42(2): 31-34.

XIONG S F, LIU Q L, ZHANG W, et al. Research progress on application of SCR denitrification catalyst in waste incineration [J]. Modern
Chemical Industry, 2022, 42(2): 31-34 (in Chinese).

[35] WU Y J, LUO C H, WU W, et al. Denitration of the gas-fired boiler flue gas based on chemical-looping combustion [J]. Chemical Engineering
Journal, 2019, 361: 41-49.

[36] #BL, A, HEM, 55 Mn-V-Ce/TiOp (RIRMLIESR NO PEREFTSL [9]. RRME %244, 2010, 38(3): 343-351.

ZHENG Z H, TONG H, TONG Z Q, et al. Catalytic reduction of NO over Mn-V-Ce/TiO; catalysts at low reaction temperature [J]. Journal of
Fuel Chemistry and Technology, 2010, 38(3): 343-351 (in Chinese).

[37] SUN W Q, ZHOU Y, LV J X, et al. Assessment of multi-air emissions: Case of particulate matter (dust), SO,, NOy and CO, from iron and steel
industry of China [J]. Journal of Cleaner Production, 2019, 232: 350-358.

[38] Bt z, ARUEHE, EZH8, 5. o EPHIEAT R s R AERT . (3], S EEREERL, 2018, 38(12): 4451-4459.

ZHONG Y Z, SONG X H, WANG Y C, et al. Emission characteristics from flat-glass industry in China [J]. China Environmental Science, 2018,
38(12): 4451-4459 (in Chinese).

[39] CHEN Y X, LI C, CHEN J X, et al. Self-prevention of well-defined-facet Fe,O4/M0O; against deposition of ammonium bisulfate in
low-temperature NH3-SCR [J]. Environmental Science & Technology, 2018, 52(20): 11796-11802.

[40] ZHANG L, WANG D, LIU Y, et al. SO, poisoning impact on the NH3-SCR reaction over a commercial Cu-SAPO-34 SCR catalyst [J]. Applied
Catalysis B: Environmental, 2014, 156: 371-377.

[41] WANG H J, HUANG B C, YU C L, et al. Research progress, challenges and perspectives on the sulfur and water resistance of catalysts for low
temperature selective catalytic reduction of NOy by NHj3 [J]. Applied Catalysis A: General, 2019, 588: 117207.

[42] XU G Y, GUO X L, CHENG X X, et al. A review of Mn-based catalysts for low-temperature NH3-SCR: NOy removal and H,0/SO; resistance
[J]. Nanoscale, 2021, 13(15): 7052—7080.

[43] GAO C, SHIJW, FAN ZY, et al. Sulfur and water resistance of Mn-based catalysts for low-temperature selective catalytic reduction of NOy: A
Review [J]. Catalysts, 2018, 8(1): 11.

[44] HAN L P, CAI S X, GAO M, et al. Selective catalytic reduction of NOxwith NH3 by using novel catalysts: State of the art and future prospects
[J]. Chemical Reviews, 2019, 119(19): 10916-10976.

[45] LI Y F,HOU Y Q, ZHANG Y Z, et al. Confinement of MnO,@Fe,Oj3 core-shell catalyst with titania nanotubes: Enhanced N, selectivity and SO,

tolerance in NH3-SCR process [J]. Journal of Colloid and Interface Science, 2022, 608: 2224-2234.

10



[46] JEON S W, SONG |, LEE H, et al. Enhanced SO, resistance of V,0s/WO;-TiO, catalyst physically mixed with alumina for the selective
catalytic reduction of NOy with NH3 [J]. Chemical Engineering Journal, 2022, 433: 133836.

[47] YANG L, WANG P C, YAO L, et al. Copper doping promotion on Ce/CAC-CNT catalysts with high sulfur dioxide tolerance for low-temperature
NH3-SCR [J]. ACS Sustainable Chemistry & Engineering, 2021, 9(2): 987-997.

[48] GUO K, JI JW, SONG W, et al. Conquering ammonium bisulfate poison over low-temperature NH3-SCR catalysts: A critical review [J]. Applied
Catalysis B: Environmental, 2021, 297.

[49] GUO K, FAN G F, GU D, et al. Pore size expansion accelerates ammonium bisulfate decomposition for improved sulfur resistance in
low-temperature NH3-SCR [J]. Acs Applied Materials & Interfaces, 2019, 11(5): 4900-4907.

[50] ZHANG L, ZOU W X, MA K L, et al. Sulfated temperature effects on the catalytic activity of CeO, in NHgs-selective catalytic reduction
conditions [J]. Journal of Physical Chemistry C, 2015, 119(2): 1155-1163.

[51] ZHANG L, LI L L, CAQYY, et al. Getting insight into the influence of SO, on TiO,/CeO for the selective catalytic reduction of NO by NH3 [J].
Applied Catalysis B: Environmental, 2015, 165: 589-598.

[52] LI S C, HUANG W J, XU H M, et al. Alkali-induced deactivation mechanism of V,0s-WOs/TiO, catalyst during selective catalytic reduction of
NO by NHjz in aluminum hydrate calcining flue gas [J]. Applied Catalysis B: Environmental, 2020, 270: 118872.

[63] FLB5 4R, XUBEAK, WEE, &5 MRBUKIE & RBRAMIRAR 200 RS JeR At [J]. PR5ERE, 2019, 37(9): 113-118, 148.
DU Y L, LIU H X, TAN H Z, et al. Characteristics of distribution and emission for fine particulates from a cement kiln tail [J]. Environmental
Engineering, 2019, 37(9): 113-118, 148 (in Chinese).

[54] CHEN L, LI J H, GE M F. The poisoning effect of alkali metals doping over nano V,0s-WO3/TiO; catalysts on selective catalytic reduction of
NOx by NHj3 [J]. Chemical Engineering Journal, 2011, 170(2-3): 531-537.

[55] WANG C, WANG C, WANG J, et al. Effects of Na* on Cu/SAPO-34 for ammonia selective catalytic reduction [J]. Journal of Environmental
Sciences, 2018, 70: 20-28.

[56] LIU T Y, JIANG Y, YANG Z D, et al. Insight into the influence of K on the adsorption performance and reaction pathways of CeO2/TiO; catalyst
[J]. Fuel, 2022, 312: 122813.

[57] TR, (5%, KR, 5. V,0s-WO3/TiO, SCR AL B HLELHT AT [J]. SLFIEALS ARl %), 2018, 26(1): 1-11.
HE D L, REN H Y, ZHU T X, et al. Study on the Calcium-poisoning mechanism of the V,0s-WO3/TiO, SCR catalyst [J]. Journal of Basic
Science and Engineering, 2018, 26(1): 1-11 (in Chinese).

[58] J1 J W, TANG Y, HAN L, et al. Cerium manganese oxides coupled with ZSM-5: A novel SCR catalyst with superior K resistance [J]. Chemical
Engineering Journal, 2022, 445: 136530.

[59] KIILSTRA W S, BRANDS D S, POELS E K, et al. Mechanism of the selective catalytic reduction of NO by NHj3; over MnO,/Al,0;5 .1.
Adsorption and desorption of the single reaction components [J]. Journal of Catalysis, 1997, 171(1): 208-218.

[60] KIILSTRAW S, BRANDS D S, SMIT H I, et al. Mechanism of the selective catalytic reduction of NO by NH3 over MnO,/Al,O3 .2. Reactivity
of adsorbed NH3 and NO complexes [J]. Journal of Catalysis, 1997, 171(1): 219-230.

[61] Z =¥, #hZ. MG NHa-SCR S RIHLEE KB 1240 FEdt g [1]. fu2#i3E ), 2009, 21(6): 1094-1100.
LI'Y T, ZHONG Q. Recent advances in mechanisms and kinetics of low-temperature selective catalytic reduction of NOy with NH3 [J]. Progress
in Chemistry, 2009, 21(6): 1094-1100 (in Chinese).

[62] YU SH,JIANG N X, ZOU W X, et al. A general and inherent strategy to improve the water tolerance of low temperature NH3-SCR catalysts via
trace SiO; deposition [J]. Catalysis Communications, 2016, 84: 75-79.

[63] GUO K, JI J W, OSUGA R, et al. Construction of Fe,O3 loaded and mesopore confined thin-layer titania catalyst for efficient NH3-SCR of NOy
with enhanced H,O/SO tolerance [J]. Applied Catalysis B: Environmental, 2021, 287: 119982.

[64] ZHU Y J, XIAO X X, WANG J T, et al. Enhanced activity and water resistance of hierarchical flower-like Mn-Co binary oxides for
ammonia-SCR reaction at low temperature [J]. Applied Surface Science, 2021, 569: 150989.

[65] s dmEi, TR, VE. AKVEE RSB BN EORBT AR [3]. PSS 51, 2013, 35(2): 85-92.
FANG J R, MA Z C, WANG L. Research progress on catalytic reduction technique for denitration of cement flue gas [J]. Environmental
Pollution & Control, 2013, 35(2): 85-92 (in Chinese).

11



[66] i, HEFEH, UK, 45 SCR B ML FIBUANF 3 E AL AL 5 FAERF S0 [9]. fb TiEE, 2021, 40(5): 2365-2374.
LU Q, PEI X Q, XU M X, et al. Progress in the development and regeneration of SCR catalysts for anti-arsenic poisoning [J]. Chemical Industry
and Engineering Progress, 2021, 40(5): 2365-2374(in Chinese).

[67] LI X, LI J H, PENG Y, et al. Mechanism of arsenic poisoning on SCR catalyst of CeW/Ti and its novel efficient regeneration method with
hydrogen [J]. Applied Catalysis B: Environmental, 2016, 184: 246-257.

[68] JIANG S, LI T, ZHENG J K, et al. Unveiling the remarkable arsenic resistance origin of alumina promoted cerium—tungsten catalysts for
NH3—SCR [J]. Environmental Science & Technology, 2020, 54(22): 14740-14749.

[69] JIANG Y, GAO X, ZHANG Y X, et al. Effects of PbCl, on selective catalytic reduction of NO with NH; over vanadia-based catalysts [J].
Journal of Hazardous Materials, 2014, 274: 270-278.

[70] JIANG Y, LIANG G T, BAO C Z, et al. The poisoning effect of PbO and PbCI, on CeO,-TiO, catalyst for selective catalytic reduction of NO
with NH; [J]. Journal of Colloid and Interface Science, 2018, 528: 82-91.

[71]ALI Z, WU Y W, WU Y, et al. Inhibition effects of Pb species on the V,0s-MoO3/TiO, catalyst for selective catalytic reduction of NO, with NH3:
A DFT supported experimental study [J]. Applied Surface Science, 2020, 525: 146582.

[72] CAl J, WU H X, REN Q Q, et al. Innovative NOy reduction from cement kiln and pilot-scale experimental verification [J]. Fuel Processing
Technology, 2020, 199: 106306.

[73] XUPE, Bk, JEhae, 55 JRIH SCR BLAHHEALTI ARt [3]. RIAI{LIL, 2020, 49(7): 1839-1844.
LIU X Y, JIAYY, TANG Z H, et al. Research progress on regeneration of waste SCR denitration catalyst [J]. Applied Chemical Industry, 2020,
49(7): 1839-1844 (in Chinese).

[74] REN X S, OU Z L, WU B. Low-temperature selective catalytic reduction deNOy and regeneration of Mn-Cu catalyst supported by activated coke
[J]. Materials, 2021, 14(20): 5958.

[75] #sade, HhRE, %FE4E. MnOL/PG fikill SCR AL —EALBR th e X AR AFE [J]. PA8EfL#, 2019, 38(6): 1403-1412.
ZHANG X L, MA K, CAI C, et al. Sulfur dioxide poisoning and regeneration characteristics of MnO,/PG low temperature SCR catalysts [J].
Environmental Chemistry, 2019, 38(6): 1403-1412 (in Chinese).

[76] ZHANG X L, LIU S W, MA K, et al. Study on the mechanism of SO, poisoning of MnO,/PG for lower temperature SCR by simple washing
regeneration [J]. Catalysts, 2021, 11(11): 1360.

[77] CHEN Z, BIAN C, GUO Y B, et al. Efficient strategy to regenerate phosphorus-poisoned Cu-SSZ-13 catalysts for the NH3-SCR of NOy: The
deactivation and promotion mechanism of phosphorus [J]. Acs Catalysis, 2021, 11(21): 12963-12976.

[78] MA'Y, WU X D, LIU L P, et al. Critical roles of Cu(OH), in low-temperature moisture-induced degradation of Cu-SAPO-34 SCR catalyst:
Correlating reversible and irreversible deactivation [J]. Applied Catalysis B: Environmental, 2020, 278: 119306.

[791 WANG Y Z, YI W, ZENG Y J, et al. Novel methods for assessing the SO, poisoning effect and thermal regeneration possibility of
MO,-WO3/TiO; (M = Fe, Mn, Cu, and V) catalysts for NH3-SCR [J]. Environmental Science & Technology, 2020, 54(19): 12612-12620.

[80] KIM J, KIM D H, HA H P. Investigating multi-functional traits of metal-substituted vanadate catalysts in expediting NOy reduction and poison
degradation at low temperatures [J]. Journal of Hazardous Materials, 2020, 397: 122671.

[81] WANG X X, MAH Y, SHI Y, et al. Regeneration of alkali poisoned TiO,-based catalyst by various acids in NO selective catalytic reduction with
NHs [J]. Fuel, 2021, 285: 119069.

[82] MXFEFH, 2Rk, BEAEZE, % Flh I V,0s- WO/ TIO fALFITAEFITT [0]. 4 TfiE1k, 2020, 34(5): 407-414.
ZHAO C Y, LI G B, SUI H J, et al. Study on regeneration of commerical V,0s-WO5/TiO, catalyst for arsenic poisoning [J]. Journal of
Molecular Catalysis (China), 2020, 34(5): 407—414 (in Chinese).

[83] SONG LY, CHAO J D, FANG Y J, et al. Promotion of ceria for decomposition of ammonia bisulfate over V,0s-MoOs/TiO; catalyst for selective
catalytic reduction [J]. Chemical Engineering Journal, 2016, 303: 275-281.

[84] LI X S, LIU C D, LI X, et al. A neutral and coordination regeneration method of Ca-poisoned V,0s-WO3/TiO2 SCR catalyst [J]. Catalysis
Communications, 2017, 100: 112-116.

[85] NIU T Q, WANG J, CHU H C, et al. Deep removal of arsenic from regenerated products of spent V,05-WO3/TiO, SCR catalysts and its

concurrent activation by bioleaching through a novel mechanism [J]. Chemical Engineering Journal, 2021, 420: 127722.

12



