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Abstract: Nitrogen oxides (NO,) are the long-term focus of air pollution control, the technological core of industrial
mainstream selective catalytic reduction of NO_ with ammonia is deNO, catalyst, and the research and development of envi-
ronmentally friendly and highly efficient deNO, catalysts is a common requirement of the world’s environmental protection.
The background of deNO,_ demand, the application status of deNO, catalysts and existing problems are briefly described, and
the research progress of three types of deNO, catalysts, including noble metals, metal oxides and ion-exchanged zeolites are
summarized. The development progress of the environmentally friendly rare earth-based deNO, catalysts and the research pro-
gress on non-toxic SCR catalysts for marine deNO, are highlighted. The rare earth-based deNO, catalyst independently devel-
oped by China is the second flue gas deNO, catalyst for large-scale industrial application, which has been designated as a
substitute for the vanadium-based catalyst by the three state ministries and the national development and reform commission,
and will become a key material for industrial deNO, applications in the future. From the two aspects of ultra-low NO_ emis-
sion demand driven by different industries and the difficulty of deNO, in severe working conditions, the new challenges of
deNO, catalysts are discussed. The ultra-low temperature deNO, catalysts with strong anti-water and sulfur dioxide poisoning
abilities, the high temperature deNO, catalysts with high hydrothermal stability, and the new multi-functionalization of
deNO, catalysts for treating other pollutants, are the focuses of future development.

Key words: deNO,; selective catalytic reduction; vanadium-based deNO, catalyst; rare earth-based deNO, catalyst;
cerium-based complex oxides; ship deNO_; deNO, new challenge
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Table 1 Performance-price ratio of three main deNO, catalysts

Catalysts Noble metals Metal oxides ITon-exchanged zeolites
DeNO, activity High Mid to high Mid to high
N, selectivity Low High High
Active temperature Low Mid Mid to high
H,0 influence Weak Weak Strong
S0, influence Strong Mid Strong
Cost Very high Low High
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TAEALTE PR 5 3R 2 8] B SO S R, R T
55 AR S AT 1 2H 73 45 4 22 1] A R 17 58 245 B 1
AR ST Tl R e 3 SRR iy R A e . B IRk
LT RPR A R R B 22 5 | i v e 5 3% TR T 2 A 1k
F L b4k T (R i 2 AT Bronsted PR AL A Lewis B2 1
B, R T ZIuE A ALY RN A7 £ Bronsted FR {7 A
Lewis FRPENLIHT ™, o T Tanabe [ 200 G
AR U B E AL IR IS A7 7E Bronsted I Lewis [k
AE7 BRI, WAL, AR IR P 5l R DR ey
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P, R BE R AL TR 0 1) 2 A o A TR 2 T 2R
R AT A K KU B AME TR 2 E A T
2R EA SRR A R SR O L R SR 1 [ 2
KKV, PRI AT, HA5 PR PR A AL 50 P AR T
ZAALE, JooKIE Y R, KR AR T B AT AR A B
i

x2 WMEESELY NH,-SCR BHHLHE

Table 2 Development history of cerium-based complex oxides for NH;-SCR of NO,

Year Typical catalyst Performance
2006 Ce0, doped Ti0,-Si0, *! Highlight promotional effect of Ceria on honeycomb ceramics for NH;-SCR of NO
2007 Ce0, doped Al, TiO5-Ti0,-Si0, -3 Highlight promotional effect of Ceria on honeycomb ceramics for NH;-SCR of NO

Ce0,/ACF!

2008 Ce0,/Ti0, [0

2009 Ce0,/Ti0, %

2010 Ce-P-0!%4)
Ce-Cu-Ti !

2011 Nanotube-confined Ce0, %

2012 Ceg 7521y 250, -P0O, 3 167]
Ce-W-Til%)
Ce-Ti'®!

2013 Ce-Sn-0, (™

2014 Ce-Fe/WMH™")

2015 F doped Ce-Til7!

Ce-Ti-Mo0, |7

2016 Ce/Ti0, ™
Ce-Til ™!

2017 Ce; W,Sh0, 170

2018 Ce0,/Ti0,-Zr0,-50,2~ [77]

2019 CeWTiO, 78]

NH;-SCR of NO>85% in 120~270 °C

NH,-SCR of NO>92% in 275~400 °C , with high N, selectivity

Strong stability at 350 °C in presence of 100 ppm SO,

NH;-SCR of NO>90% in 300~550 °C
Strong anti-SO, poisoning
NH;-SCR of NO>95% in 270~500 C
NH;-SCR of NO>80% in 250~450 °C

High activity and 100% N, selectivity in wide temperature window

Amorphous phase is active at low temperatures

High activity in 100~400 °C, strong resistances to H,0, SO, , K,0 and PbO

Strong anti-SO, poisoning
NH;-SCR of NO, reached 97% at 180 °C
NH;-SCR of NO, >90% in 175~425 C

H, 0 and SO, improved high-temperature deNO, activity

NH;-SCR of NO, >95% in 210~360 C

Wide active temperature, strong resistances to H,0 and SO,

NH;-SCR of NO>96% in 225~425 C
NH;-SCR of NO>92% in 200~460 °C

2009 4F, A A BAIF A 114 J0 PR - S5 58 i e A 79
AR LA, AL R AR B PR BB A BR 22 7
(2012 AEBE A N IR RBERMRBHCA IR A R, O E A
T A ME— 1 7 T R P DR i i A AL T 19 ol
FRIR T RE S T3 5L 05 KA B B AR AL R A 7 2 2016
AF, AT BT A 1) B R JBERM AL AR B AR, Blar
TSGR ER B A RA R, @52 18 %™
AE S J7 5L T5 A/ AF BB RS AR A 2k o s - Jd A A 551
Je TS — BRI ACHE RN B R AL R0 7= e, IR 36
PR (>90% ) . S HRLEEVE [ 98 (280~450 C) . SO,/50,
FAbRAR(<0.4% )  PThEERES o . HUMEREE W . (1
i, HRA M/ R MR A CO K& HC Y5
Iifie RICAEEAEL T NO, T TR, #ilE T
s - TR0 06 45 P A4 f 3 Ji ( SCR) I il 4 AL 771 ) 18] 5K 4 o

(GB/T34700-2017) , Ak [ 5 & Jily ¢ & 19 B R 3R AR 44
ARFeg R (2014 4210 ) o (B S 00 A 7 A & 50
=) BR AR SR (2016 AERR) ) - CRRREOAR [E PR I
T HERIMEEOR (2017 42) ), Dt AR PRI T 2 4
LG RN N 5 IR (B DA ALK 3= LT S 503
J&o o AR BEREA A SO ELA T RE TR BRAR, A
e T AR ERCH AUBT AR E LN R Y 5 H R (2017
AERR) D o FREEAC T TR - 0 A AR ST R S R

4 MRFAFXE SCR BRAEEMLFIFEA

MARZAEPL 3D 4. Tk 2 )5 B 88 = K NO, HER I,
& 24HT NOGABEAYE £l 2016 47, [ BRMTIARS 15 5L A 2
(MARPOL 2224 B0 VI 55 3 [ Be NO, HERCFRE ST, ™
SN T E PR 55, BEARBAE R B0 . FEILEOR
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W, 2015411 12 H, BHEHBEAR T E K H Sk
Rt RATS YR SHERI BT 15 L 0 2016 4
JESS— T H W didEm , Hb 3.5 MEAATS de HE R 4
ARERIE” B VKA AR A 51 Dy B S N2, TR A
A NO, HEJCEE W e B = HE R fE BESR 7. 2011 4
SCR JBAHH AR S 62 Ji it 1 PR PR 23 (MEPC62 ) 458 5 A iy
AR N, HAT, BR T SEML3h 48 21 Cu/Fe
NFLB A RS AR, A B 8 P T
PR AR . SR, AR S A TR L% T
WA, BR T NO SN, IAFAE CO Jz CH 5555y ; HE4
MU BRI B, MEARBLAS 25 (] /0N, BRI A Ak 700 X DA 1
AEARRR A TEIE MR IR IREE , V, O R 4% A AN I8 T 8 7 4
TPl RS . TR ENEAR SCR RS A JE 2 5k, H i
TEAERTE SCREZIT L L™, BHBA LTI
SCRJBims fiE A7) A7 g, AT SCR B A i AL 7R F 4 3 Ak
TERIRIY B, 7EF 00 fi AL R R o S 202 B M LR 1A
RARYT8 o DIt BF M EREE AU 3 k3L B
F e FLRER IR CO A1 HC 1y @ s s Ak a1k
LRI DN

2016 4, VEE M T H:EH“ MR ROC#E SCR LA A
AEFNEAR G735 W0 H A5 5 4t E 5K E s A RS
VYRR SR AR R N T B . 0 H X
W RS R AR TOE, SRAMESA IR S R R
PMRIEIHT, KRR T AR TIEREL AL CeSnWBaO,/TiO,
il & WZr0, /TiO, mil RS AL AR R 7 plefkf or
TR AR R, 7E NHyFNO (KB 1, NO i#5
WEE 1000 ppm, 253 8000 h™' ', CeSnWBaO,/TiO, 7£
250~500 °C Py, H: NH,-SCR il NO 3% >90% , %k
% <3 ppm; WZrO, /TiO, 7E 400~600 °C j§ NH,-SCR fiii &
NOZLHR > 90% ™, WK 3 B s, LRSS VAR % €O,
CyH Al O, 52, 327K 28 50M1 SO, AR /s 78
BRI R, R RE BRI AL AL CO S G H Ry €O,
R T A5y DR EAAE FIFLEE, CeO, 2 M4 IE M 4147,
W, Sn Jz Ba 73 &b S B EALT], TiO, 24k, WiH
SERL T A AR R HTRGT “ B (K 15 em x 5 15 em) x
155 (50~150) em, fLEFJE 46cpsi (40 x 40) ™ e 5 X A AL 711
R &, DUIRBA ST T B s AR 25 1 T A S8, dJ#Eor
T PSHT-26D 7 v fiy i1 553 AL SCR B i 1A% 1 FH A 52
Vi, LAEAT BRSO T MARPOL 24 29 i 0] VI 25
= BB NO, FRAFESK

Tt H WK E R B R A G 7 A
RN P AR, g AR NO, s+l , THBRZ 52 . R
WA O, HE B [ B A as g5l fil B kR Al B

g
AR /NS

100 - —
0] ™~

80
707 —s— High-T catalyst
60
504
40
307 Reaction conditions:
20 GHSV=8000h";

109 NH,/NO=1 in mol;
0+ ———

—— Mid-T catalyst

NO removal rate/%

NO,,.;: 1000ppm
0,: 10 vol.%

250 300 350 400 450 500 550 600
Reaction temperature/'C

3 P FRAEILR NH;-SCR JBiBR NO ZCR
Fig. 3 Removal efficiencies of NO by NH;-SCR with medium and high

temperature catalysts
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