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ABSTRACT The emission of nitrogen oxides (NO,), the primary air pollutant in China, reached 8.96 million tons in 2022,
considerably higher than the emissions of volatile organic compounds, particulate matter, and sulfur dioxide (SO,). NO, emission control
is the focus and challenge with respect to air pollution management in China. Selective catalytic reduction (SCR) is widely employed to
control the emission of NO, in industrial flue gas because of its high efficiency and stability, and it can be used to realize ultralow NO,
emission. A catalyst is a vital factor of the SCR technology. Commercial V,05/TiO, catalysts have satisfactory tolerance to poisoning
factors such as SO, and H,O, and the operating temperature is generally in the high-temperature range of 300420 °C. Although the
catalysts can be more effectively adapted to the medium-temperature range of 200-300 °C by increasing the loading amount of V,0s,
their low-temperature activity is poor at temperatures less than 200 °C. The development of efficient and stable catalysts for SCR at low
temperatures can prevent the high energy consumption associated with flue gas reheating, resulting in considerable energy saving and
carbon reduction benefits. Manganese oxides (MnO,) exhibit remarkable redox properties due to variable chemical states and abundant
lattice defects, and they have considerably strong surface acidity, showing satisfactory low-temperature activity in the reaction of
catalytic reduction of NO,. However, Mn-based catalysts suffer poor resistance to H,0/SO,, making it difficult to achieve efficient and

stable denitrification (i.e., deNO,) over an extended period of time. They have poor N, selectivity and are prone to catalytic conversion
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of NO, into the greenhouse gas N,O. Modification and enhancement of Mn-based catalysts have been extensively researched in recent
years, which has expedited the pace of their industrial application. This study summarizes the latest research progress on reaction
mechanism, elemental doping, and structure design of Mn-based catalysts in the aspects of low-temperature activity, N, selectivity, and
stability. Elemental doping modification is the primary method for optimizing the N, selectivity and H,0/SO, tolerance of these
catalysts. In terms of comprehensive low-temperature activity, N, selectivity, and stability, the doping components should have
satisfactory oxygen storage—release ability to provide abundant oxygen vacancies and high stability to disperse MnO, and increase the
tolerance to H,O and SO,; appropriate structural design can block the poisoning of H,O and SO,; in particular, surface hydrophobic

modification can weaken the promotion effect of H,O on poisoning of SO,. In conclusion, this study indicates the ongoing research

focuses and difficulties, which can provide references for future research.

KEY WORDS nitrogen oxides; selective catalytic reduction; Mn-based catalysts; N, selectivity; stability; element doping
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Fig.4 Possible SCR reaction route on MnTi catalyst (purple: MnO, species; gray: TiO,)"*")
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Langmuir-Hinshelwood mechanism
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l ] l monodentate I l

NH,(ad)== NH,NO, é==NO); === NO === NH,NO¢=NH,(ad)

Mn—Fe spinel catalyst

Eley—Rideal mechanism

NH;(g) N,+H,0 N,0+H,0
NH,(ad) NH, NH
Pocusiinie;: N A

‘ Mn—Fe spinel catalyst ‘

E5 Mn-Fe RO 1 L-H A E-R Lk B 2R 2 A
Fig.5 SCR reaction through the Langmuir—Hinshelwood (L-H) and
Eley-Rideal (E-R) mechanisms over Mn—Fe spinel catalyst**)
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Fig.6 Reaction mechanism over highly N, selective catalyst via the construction of amorphous support’
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Qo Manganese oxide
Bl 7 CeiB445rH MnO, IR N, MR 2 0

Fig.7 Ce-doped dispersed MnO, to increase N, selectivity
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Fig.8  NHj-activated and NO-activated NH3;-SCR data of the NO,

catalytic cycle®™”
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Fig.9  Water and sulfur tolerances of Mn/TiO,, Mn-La/TiO,, and
Mn-La—-Co/TiO, catalysts'™
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Fig.10 Protection of SiO, shell on Mn component and adsorption energy (E,q4,) of SO, on Si and Mn sites!””
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(b) 15-PTFE-Mn-Co/LDC

(a) Mn—Co/LDC

(¢) 25-PTFE-Mn—Co/LDC (d) 35-PTFE-Mn-Co/LDC
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Fig.11  Images and contact angles of (a) Mn—Co/LDC and (b—d)
PTFE-Mn-Co/LDCs™"
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13 CrooeMngosCeTiO,  One-pot 500,5 SO0 mLemin’ ) 32{7{%‘“ - 11705027(”: at (25 ; é 22) - loe?ffzrtg 4Nh85% [97]
o eCora e s e RS R S0 e
15 MnZCcei\/Ira(:%izézorous Impregnation 500, 6 150000 h™'! ?(S)Zooéét (17 éé (Zg) 9jfi;to~868 Zp [99]
16  MnCeWFe/cordierite — impregnation 1000, 5 500 mL-min"' 9? ;:)%‘Jca t ~lgg‘7:Cat (153 02 9’3) 90£;? :18}91% [100]
R BN TP
18 MmSm/TiO,  Impregnation 500, 5 80000h" ggnxscat ~128‘7§Cat (25(’) 01002) - 9212”;’1 S hs % oo
19 SmoMATiSnO,  solvothermal 5005 100mLmin' oot oo (255’02%) P 03]
20 Mng»sFeg s Impregnation 500, 5 30000 h! ?‘2‘05/”02 ~1120502/é at (1105’ 02%0) - loff:/;“l’o~h88% [104]
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Fig.12 Optimized configurations and energy profiles for the O, activation pathway with/without H,O on the SO?‘_ -preadsorbed y-MnO, (100) surface

(purple, Mn; red, O; yellow, S; and white, H; IS, TS and FS means initial state, transition state and final state, respectively)!
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