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Figure 1 (a) Fe/ZSM-5 molecular sieve was prepared by One-Step
hydrothermal method [23]. (b) The main SCR reaction pathway on Fe-
ZSM-5 molecular sieve [28]. (c) Fe-ZSM-5 molecular sieve was
prepared by Fe-Siloxane as precursor [29] (color online).
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Figure 2 (a) NO conversion of Fe-Beta catalysts [36]. (b) NO,
conversion of Fe-Beta catalysts with different Si/Al ratios [38]. (c)
NO, conversion and N, selectivity of Fe-Beta and Beta catalysts [39].
(d) NO, conversion of hollow Fe-Beta catalysts [40] (color online).

TEAOH
,f
{
Al source
Pure silica Beta@Fe l Surface

 Fe species 8 Alspecies @Silicate oligomers a;lsorption

\$ TEA*
A BEsi-o

" Recrystallization @
&
Y

Hollow Beta@Fe

Desilication

B 3 AEFeltT 5 BetaZ T 1 B UL IR0 45 R 1))

Figure 3 Proposed formation mechanism of iron encapsulated hollow
beta zeolites [40] (color online).
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Figure 4 Proposed NH;-SCR reaction pathways on Fe-SSZ-13 and
hydrothermal aged Fe-SSZ-13 catalyst [54] (color online).
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online).
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Table 1 Prepapation method and denitrification activity of Fe based molecular sieve catalyst
A7) i % ik WEHEE C(C) NO,#1b.2 (%) SCHR
Fe/ZSM-5 — A B 573~693 >99 [23]
10 wt% Fe-ZSM-5 BBk 350~450 >80 [24]
10 wt% Fe-ZSM-5/MW 1R % 200~500 >90 [25]
Fe-ZSM-5 B AT MRk 325~550 >80 [26]
1.0Fe-ZSM-5-550C BT A 450~600 >80 [28]
Fe-Beta (Si/Al=9) TEA WU E 175~550 >80 [36]
Fe-Beta (Si/Al=30) B AT MRk 275~550 >90 [38]
% 28§ Fe-Beta IKIAE 250~475 >90 [39]
125 Fe-Beta KA R 225~500 >90 [40]
Fe/SSZ-13 BRIk 350~550 >90 [43]
Fe-SSZ-13 (Fe/Al=0.25) I 25 73 -2 4 350~500 >80 [50]
Fe/SSZ-13 BiE 325~550 >80 [51]
Fe-SSZ-13 — B 300~475 >90 [52]
Fe-SSZ-13 (0.4M HNO;) JEL LR 350~550 >90 [53]
Fe-SSZ-13 (Si/Al=6.9) —4A B R 325~600 >90 [54]
Fe-SAPO-34 [i] 75 B8 T A vk 325~550 >90 [55]
1.03wt% Fe/SAPO-34 —HE 275~600 >80 [56]
Fe-SAPO-34 (TEPA) —HaE B 300~500 >90 [58]
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Figure 6 (a) NO, conversion of Fe/MCM-22 zeolite prepared by
different methods varies with temperature [64]. (b) NO conversion of
Fe-MWW zeolite synthesized in one pot varies with temperature [66].
(¢) NO conversion of MCM-36 and Fe-MCM-36 intercalated in
different columns varies with temperature [67]. (d) NO conversion of
high-silicon Fe-LTA, Fe-Beta and Fe-SSZ-13 zeolites varies with
temperature [68] (color online).
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Figure 7 Proposed NH;-SCR reaction pathway over Zr/Fe-SSZ-13
catalyst [80] (color online).
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E 8 (a) Cu-SAPO-34@Fe-MOR™, (b) CeO,@Fe-ZSM-
5% (¢) Fe-ZSM-5@Ce0,™', (d) MoFe/Beta@CeO,"" 1% 3%
SR TEME F

Figure 8 TEM images of core-shell structure catalysts: (a) Cu-SAPO-
34@Fe-MOR [86], (b) CeO,@Fe-ZSM-5 [88], (¢c) Fe-ZSM-5@CeO,
[89], (d) MoFe/Beta@CeO, [90].
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Table 2 Performance enhancement strategy and denitrification activity of Fe based molecular sieve catalysts

A7) AL S 25 WHEE O(C) NO 16 (%) SCHR
Fe-UZM-5 250~500 >90 [59]
Fe-UZM-5(Fe/Al=0.23) 250~550 >90 [60]
Eﬁiﬁ; AL S S B A OB Zizg :g Eﬂ
Fe-MCM-22(Si/Fe=20) 175~400 >80 [65]
FifEFe-LTA 350~550 >80 [68]
Cu-Fe-ZSM-5(SSIE) 300~550 >90 [73]
Cu-Fe-ZSM-5 220~480 >90 [74]
Cug,Fey-SAPO-34 200~375 >80 [75]
Cu, sFes -SAPO-34 300~500 >80 [76]
Culfe-852-13 SUGE RGBT BRI Tl 220 =0 7
Moy ,-Fe/Beta SRS FUINH,-SCRIE ML 3 () 25 P Fe it 225~525 >90 [79]
Zry5/Fe-SSZ-13 HEHCTSEAE T 5B LA 375~550 >80 [80]
Ce-Fe-Beta 311~683 >80 [81]
Mn-Fe/SAPO-34 150~200 >80 (82]
Mn-Fe/Y (1.0wt%AC) 125~300 >90 [83]
Ce/Cu/Fe-ZSM-5 273~610 >80 [84]
Cu-SAPO-34@Fe-MOR 250~550 >80 [86]
CeO,@Fe-ZSM-5 o L 250~475 >80 [88]
Fe-ZSM-5@Ce0, [t | Zéﬁé%ﬁgggzgﬁﬁg ﬁg%ﬁ?j 250~475 >90 [89]
MoFe/Beta@CeO, 225~600 >90 [90]
Fe/Beta@SBA-15 325~600 >80 [91]
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Research progress in Fe-based molecular sieve NH;-SCR denitration
catalyst

Bohui Cai', Zijing An', Yue Wangl, Yan Du', Limin Ren” Chengyang Yin'"

! Institute of Catalysis for Energy and Environment, College of Chemistry and Chemical Engineering, Shenyang Normal University, Shenyang 110034,
China
% School of Chemistry, Dalian University of Technology, Dalian 116023, China
*Corresponding authors (email: lren@dlut.edu.cn; ycy2006cc@126.com, chengyang yin@163.com)
Abstract: In recent years, nitrogen oxides (NO,) have become a major source of environmental pollution in the
atmosphere. It is found that the denitration efficiency of selective catalytic reduction (SCR) technology can reach over
90%, especially the NH;-SCR technology with NHj; as the reducing agent, which is currently the most effective and
widely used denitration technology. In this review, the research progress of Fe-based molecular sieve denitration
catalysts in NH;-SCR reaction was reviewed, and their research overview, preparation methods and activity and stability
strengthening strategies were summarized. The common Fe-based molecular sieve catalysts such as Fe-ZSM-5, Fe-Beta
and Fe-CHA used in NH;-SCR reaction were introduced in detail. The NH;-SCR activity, hydrothermal stability, and
anti-poisoning performance of Fe-based molecular sieve catalysts were improved by strengthening strategies for
synthesizing different topological structures of Fe-based molecular sieve catalysts, introducing different types of metals
into Fe-based molecular sieve catalysts and constructing core-shell structures. Finally, the future development directions
of Fe-based molecular sieve NH;-SCR catalysts in terms of denitration efficiency and anti-poisoning performance, as
well as industrial applications, were prospected.

Keywords: Fe-based, molecular sieve, catalyst, NH;-SCR, denitration
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