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Abstract: Selective catalytic reduction of NO, with NH; is a powerful technique for the abatement of NO,. The
operating temperature window of commercial V,0s-WO; (MoO5)/TiO, denitration catalysts is too high to satisfy the
requirements of low temperature and wide operating temperature window, and therefore the development of low-
temperature denitration catalysts with wide operating temperature window becomes a hot spot of this research
field in recent years. Iron-based catalysts are widely used in the low-temperature NH;-selective catalytic reduction
(NH3-SCR) of NO, because of their good redox ability, rich resource reserves, low-cost, non-toxic and harmlessness,
tc.. Based on the different roles of Fe,O; in NH;-SCR catalysts, we have performed a systematic review of the

latest research progress of iron-based catalysts in the NH3;-SCR reaction for the following aspects: Fe,0; used as
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support, promoter, active species, and iron-based catalysts with new structures. In addition, the NH;-SCR reaction

mechanism and H,0/SO, tolerance over iron-based catalysts are emphasized. Finally, the perspectives on the

opportunities and challenges of iron-based catalysts for NH;-SCR in future research are presented.

Keywords: iron; selective catalytic reduction; nitrogen oxides; flue gas denitration; structure-activity relationships
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Fig.2  Graphical representations of the crystal structures of Fe,0O; (Colored spheres at the centers of polyhedrons

and white spheres on the edges represent the iron and oxygen atoms, respectively)”
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Table 1 Proposed reactant species, intermediates and active sites in different mechanisms

and/or kinetic schemes for SCR on iron-based catalysts

Reactant species

From NH, From NO Intermediate Catalyst Supposed active site Reference
NHs(ad) NO(g) WO, /Fe0s W-0-Fe [12]
NHy(ad) NO(g) sulfated Fe-Ti SO /Fe* [26]
NH,(ad) NO(g) Fe,M,0, (M=AL Ti, Ce) [29]
NHs(ad) NO+/NO;(ad) H.NNO/H,NNO CuFe-SSZ-13 Cu*-0-Fe* [40]
NH;(ad) NO+/NO5(ad) NH.NO/NH.NO; Fe/Cu-SSZ-13 [41]
NH.'(ad) NOs(ad) NH.NO; Fey(S04)yTi0, [46]
NHy(ad) NO(g) Fe,04/WO04/Zr0, Lewis acid Fe* [49]
NHs(ad)/NH,'(ad) HONO/HNO; NH,;NOy/NH,NO; FegsMnoasTiO, [59]
NH*(ad) NO, Fe . W,05 octahedral [FeOgl/[WOq] [73]
NHs(ad)/NH, (ad) NO(g)/cis-N,0,*(ad) FeNbTiO, [78]
NHs(ad) bidentate nitrate/NO,(g) Fe,0yTiO-NS [80]
NH*(ad) NO; (ad) NH,NO, Mn,05-Doped Fe,05 [88]
NH*(ad) NO,(ad) NOy(NH,), Fe-ZSM-5 Fe* [95]
NH*(ad) NO, (ad) NH,NO, Fe-ZSM-5 [96]
NH,(ad) NO(ad) Fe/HBEA neighbouring Fe* [97]
NH,(ad) NO(g) Fe-Ti-V spinel [98]
NHs(ad) NO(g) (FeaTi)os04 [99]

(A) L-H mechanism at low temperatures

2NH Brensted acid

Redox NO+1/20,

2Ti*-0 -H-N+H3\/- O,N-O-Fe**

Ti*-0n+++HN"H, -0

Ti*-O™--H-N*H,--O

2Ti*-0-H

/ N-O-Fe?*
Fe**=0

& 11

FrRERWISE,

2N,+3H,0

(B) E-R mechanism at higt temperatures

Lewis acid Redox
Ti* NH Y O=Fe**
Ti*- NH,--H- O Fe?* 1/2H,0
Tl4+
Ti*-NH, N—o H-O--Fe?* 1/40,
Ti*--NH, N—O H-O-Fe*
N,+H,0

FeTiO, 1t £k 7 15 7S [ 36112 65 I 7T RE ) SCR AL 0o

Fig.11  Proposed SCR mechanisms over FeTiO, catalyst in different temperature ranges!'""
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