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B B AGUEERMEMAEE (SCR) MEALFIFE 200°C LA R A7 7 BURE RCRARKIMIT . Mn S5 40772 —Fhis A A
T IR SCR A6, (H H B B Z X BR Mn JEGE AR PERERF 7T . A SCR F SLUTTE SR 45 R R, il
& T AREMEA S FEER Sm-Mn/Ti-y (yp = 3. 1.5+ 1) #53 sUIRR B AT 45 FEBM,/ Sta-Mn/Ti-1.5 4 5 X
LT NO $ALZRIAF] 90% LA I, N BRIk H] 70% LA -, HEF B3 KI$0 SO, AP RE EN00-180°C T JEIL
BB sr AR R, Sm-Mn/Ti-1.5 F1H Mn* 5 (56.50%) F1I5ERTE M 8RN (280.7 umol-g™ ) H&ET
FARE S . R Mo B (T 2 SSRGS T I s T RS R MR PR TS R R A R, 4R
THIGIER NO et 2, BEGE™Y) NoO ZEH, MMM No . Buéh, 125N Sm*/Sm (24.10%) 1 0,/0
(25.12%) EESHUET Sm-Mn/Ti-3 Al Sm-Mo/Ti-1, XFH 20T Mn*/Mnd FNSH3/Sm2 I WAL IE JRAG IR, 4ERE
M, B B AL AR B NoO . WL R, T RIE Sm3/Sm EEEMEREML, 58 Sm-Mw/Ti-3 ) NO #4k
1R H N MG T Sm-Mn/Ti-1 [ O/O & fEferm, (HH Mnk/Mn SEARMEZAL M, FEH NO FHiLEK.
g5 LT, A AL R S T Sm-Mi/Ti HEAEFTIAREEE T S BRMEAT s B R ARG, 3RI8 T HemiE NO
AR A RAF Ny PR Sm-MTi-1.5 AL, TF R =R SCR i Ak ISR AL 1 s o
KR EBEMEMAOE R Mn B TTRB A ERA AN Ny R
nES X511

Study of performance on Sm-Mn/Ti honeycomb SCR catalyst at low

temperature

ZHANG Sheng-yang", WU Bosn#Y), HONG Chen-cheng?, ZHANG Shen-gen'-? ™, ZHANG Bo-lin® **
1) Institute for Advanced Materials and Fechnology, University of Science and Technology Beijing, Beijing 100083, China
2) School of Physics and Material Science, Nanchang University, Nanchang 330031, China

P4 Corresponding aiithory E-majl: zhangshengen@ncu.edu.cn, zhangbolin@ncu.edu.cn

ABSTRACT “Selective catalytic reduction (SCR) technology is a key technology for industrial flue gas denitrification.
However, traditional SCR catalysts suffer from low efficiency below 200°C. The Mn-based catalysts exhibit high catalytic
performance and great application potential under low temperature, but systematic studies on monolithic Mn-based catalysts
are lacking. In this article, Sm-Mn/Ti-y (v = 3, 1.5, 1) monolithic honeycomb catalysts with varying active component loads
are prepared by co-precipitation combined with mixing-extrusion molding method. Honeycomb catalysts with no cracks on

the surface, good smoothness, and excellent molding ability are obtained. The performance test results demonstrate that the
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Sm-Mn/Ti-1.5 catalyst exhibited over 90% NO conversion and 70% N, selectivity between 100—180°C. Characterization and
testing techniques, including XRD, FESEM, N, adsorption-desorption tests, XPS, H,-TPR, and NH;-TPD, are conducted to
explore the effect of the Sm-Mn/Ti ratio on the surface phase, structure, species, redox capacity, and adsorption capacity of
the catalyst. The XRD results indicate that only TiO, phase exists, with no other phases detected, this indicates that the Sm
and Mn elements are uniformly dispersed on the catalyst surface and do not form any long-range ordered lattice. The SEM
characterization results show that the catalysts are consisted of colonies and nanoparticles on their surfaces. Highly dispersed
element distribution and small surface structure are beneficial for improving the catalytic performance. N, adsorption-
desorption tests indicate that the catalysts are consisted of the mesoporous structures. The XPS characterization, H,-TPR and
NH;-TPD test results reveal that the Sm-Mn/Ti-1.5 catalyst possesses the highest Mn*" content (56.5%) and weak acid site
amount (280.7 pumol-g') among the tested samples. The elevated Mn*" concentration enhances the catalytic activity by
facilitating the activation of more reactive species. While the increased amounts of weak acidity sites provide sufficient
adsorption sites to promote the conversion of NO and reduce the formation of N,O. Notably, the XPS characterization results
also show that the Sm-Mn/Ti-1.5 catalyst exhibits a lower ratio of Sm*/Sm (24.10%) than Sm-Mn/Ti-3/ and a lower ratio of
0/0 (25.12%) than Sm-Mn/Ti-1. This effectively regulates the double redox cycle of Ma*"/Mn3* and Sm3*/Sm?*, sustaining
high activity while mitigating N, selectivity. It is found that Sm-Mn/Ti-3 has a high NO’conyetSion but a low N, selectivity
due to excessive Sm**/Sm and decreased acidity on its surface. Although Sm-Mn/Ti-1 has\the highest ratio of O,/O, its low
NO conversion is due to the fewer amount of Mn*'species and weak acid sites. [l§ummary, the synergistic optimization of
the oxidation ability and acidic sites of Sm-Mn/Ti catalyst is achieved by regulating the loading of active components,
resulting in a Sm-Mn/Ti-1.5 catalyst that balances high NO conversion rate and good N, selectivity. In order to verify the
SO, poisoning resistance of the Sm-Mn/Ti-1.5 catalyst, the NH;-S€R /experiments are carried out in a 50 ppm SO,
atmosphere at 120°C. The results show that the high NO conversation rat¢ and N, selectivity maintained for 12 h without
significant decrease, which demonstrates that the Sm-Mn/Ti-1.54atalyst also exhibits excellent SO, resistance. The present
study achieves the formation and optimization of activexcomponents of Mn-based catalysts, offering a new strategy for
efficient low-temperature SCR catalyst development.

KEY WORDS selective catalytic reduction; Mn-based catalyst; element doping; monolithic catalyst; N, selectivity
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1 R 5E

1.1 ARSI =

EAFIH SR (D EpuE: BIUKZRE (AR, 99.0%) FI/N/KIHERE (AR,
99.9%) WEART 28 T /K PR BTSRRI B 1.6 M I /K TRORT BT SRR 7 7 FI I N 1000 mL
EE KB AT IR0, B ARIERE, f# pH AA&ARFF 10.0. (2) Zfk: HILPURE IR
BIAREY), RIZINRE2A 24 /N0, FE 2 KRG iR B A S A AT IR K . (3D IS
Bl R IR, S 1 kg AT, TIN50 g PIELT4E. 1 g 40K, 10 g iffs
B2\ 35 g Hhy 25 g FLBRAEAIRL, TN 13 g REM LI 8 g RILIR LA JER GRS . (4) R
Yr: W ATIRARYE IR VAR FORHRSE 2 /NS, BRI\ BB ARL 78 /TR SR 1 /), BRGNS AL
LTV TR LA A 3 SR S5 TR R /N, e A B AR AT SRR ekt e (5D FRHHEOE: M
PR, R i A BB A BIFLN TR 6 cm x 6 cm, KEA 60 emig &= ML AT 1A
(6) TIRFNRERE: AF AR B 1) Bk e a7 UM R AT A7 25, 7Bl @ RS R 11 5 21 7
K FFATRTEATIRIG, 16 500°C MR 2 /N 245 3] Sm-Mn/Ti-y 153 sUfEqbsT, HA(Sm  +
Mn) / Ti (B /RJEFHEA y 10, 3EPEA D EE y B3y 1.50 1.
1.2 EUFIRRIE

KA X BEATHAL (XRD, Rigaku-2038, HA) SRATMIFERIVIFALE . KA BT 55
Bi (FESEM, ZEISS Sigma 300, fE[E) MEEA AL IO I K H 4 | 3h R i LR E
3BT (Micromeritics ASAP 2460, FE[E) 47 N, WS sy e AL A O FLE5 1, AR
$& Brunauer-Emmett-Teller (BET) % JZW [t #i& A1 BarrettxJoynersHalenda (BJH) 77327 HrfiE L7
LA FLAMILE AN R X ST REEf0 (XPS, Thermo Scientific K-Alpha, £[H)
S HTRE SR C R AR TN SRR T FHBA SR BT A (RIS 5080, HED HHAT
PP TR (NH;-TPD) FUAT R FHEIG S (H*PPRD M.
1.3 fEAFIREEETES

ARSCAEF SCR i P BE MR & 6 A7 M BEREAT VPAN, AU B 43 500 ppm
NH;. 500 ppm NO. 5 vol% O, ($1 SO, HEVEREMARE A 50 ppm SO,), Ny A<Mk, ik
SREN 300 mL-min!, ZSEEEA 2000 hle SRAEIE R SMES ML (Madur Photon 11,
PGD 100, HHUF]D K/ ONO, AMIKSE . WM 22670 R N2, FR@ N AU S Fe e
&, FHEZEHRREE, Bl fSy il M H T NO. N,Oy NO, SRR EE . L7111 NO
AL R A N SR B B A a0 R 1451,

C
Xyo = (D-—282 5 100%

CNO, in

(D

2
SN2=[1—-——529££——Jx100%, (2)
cNO, in

- CNO, out

A X M8y 71378 NO FeAb 3R Ny 41, ¢ i, I NO HIREFTREE, Cyo oue N

NO. NO,. N,O HJH HKE .
2 ERE5R
2.1 FTEGHRFESRSH

Bl 1 JE7R T TiO, B FIA [y 14 20 43tk & 1) (i Ah 7)) XRD B, @i AR, Sm-Mn/Ti-
3. Sm-Mn/Ti-1.5 F Sm-Mn/Ti-1 #4671 F AW 52 3 FEAAH 8] 1) 8Bk AL Tio, AT (No. 21-
1272), ULBA AT AL 1 S AT 2038 Tio, #AU2], XRD PR H A AG W 2T 5 Sm. Mn 4
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[
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1 AFHEAFK XRD Kl
Fig.1 XRD patterns of different catalysts

W BT B (SEMD BF5L T Sm-Mn/Ti-y (y = 3+ 1.3 UM GFTE P45 571 38 i
AT WIE SR . & 2 fos,  BTra M FITEAR BN 5 B DA AN ERTE 5K, 52
RAEEOWEERT LUK I, BRI [B1 5 5 1 RS S8 /N 9K RTREZR R, 3% A7 ) T 2 B S <A 5 R THI Vs
VRl 6] (R 78 0 i 0 EE =M i A0 1K) SEM I RT 01, WA 2H 7 07 480 0o e A4 771 2 THD TR 30 52 i
AR RAMIX TR 2T (EDS) X/ NEWCAIABEAT 1A, AcRa-mEh LA
F, Mn 1 Sm JCERIENRLR I A ABIS, o BRI 7o 3= 20 A A R T A M Re o 316, B
FIEVEA D FECER N, Mn A1 Sm oo 3 7E (PG 2 AN B SRR BE WS

1

100 nm
—

B2/ FEEL ) SEM RAITE R 2040 (a) Sm-Mn/Ti-3; (b) Sm-Mn/Ti-1.5; (¢) Sm-Mn/Ti-1
Fig.2 SEMimages and element distribution of different catalysts: (a) Sm-Mn/Ti-3; (b) Sm-Mn/Ti-1.5; (¢) Sm-Mn/Ti-1
TR N WS B - T PR 256 RAE R R} TiO, 3ARFIANF Sm-Mn/Ti AL 7)) BET R IHIFAM LA (E
B @R E 1 PR,
®1 EAHLERER, 1LE. 7LE8H%

Table 1 Specific surface area, pore volume, and pore size parameters of the catalysts

BET surface area /

Catalysts mg ! Pore volume / cm3-g™!  Pore size / nm
Sm-Mn/Ti-3 64.0 0.27 17.2
Sm-Mn/Ti-

1.5 68.8 0.27 15.7
Sm-Mn/Ti-1 76.8 0.30 15.5
TiO, 83.6 0.37 17.9

MEHER], EFAFERT, TiO, BAKKI LRI, LA IUR RO, BEE S TR & i
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fn, PERMEAR. FLARFRFIFLAR A DA RIFR B 080/ o 36 i 285 SR 1) 5 R T R TR 2Rt #2 H Sm-
Mn FTORAAETE TiO, BARIFLBR A TTRR,  TERT 8 J5 T B B BURLE A fLIE 5 2 IhAh, KSRt iR S5
TiO, JR A LA, 15 LR FIPEAC. 450 BRI M MREs FrT kn,  EPE4L 4 Sk & A [H
B bR AR 22 S of AR e gt RE I DGR R UT), R 1 R T DUR I, BEE VS 205 Sm-Mn 7
B, FUARBURETRDN, LG, UL M4 o B A Bh oKL R, g
ANFLECR . TR PELL S OIS BRI, AR B RS AR AL, R S R A7),

B 3(a) 1(b) 7 51 2 M o PR 0 B - Bt B SRR 2 AN 2 T BIH VA S LR A i 2k . &
3@FTR, BrAFESERE VB EZE A H2b B RIER . XSRS (PP N 0.7-1.0 T, HFES
TEALIE ) BANEER IS, IR PR (12, VLIRS S 2 B FLAE MU, i 3(b)FioR, TiO,
JERHIFLAR 2 A 2R I BAE 18 nm AL, T Sm-Mn/Ti-y (y =3. 1.5. 1) fEALFIHIFL4E i th
LRIV HIRAE 13 nm &b, HE— DA AT R = BN A ALas s Pl EE e LLE B,
Yoy SR y BN, FLAR S A i LR VA W B PR, LA A 2 1) K LRI e 28 5

(a) ()] .13.10m
a c
; "‘E . Sm-Mn/Ti-3
20 . = Li NN
"z | Sm-Mn/Ti-3 T j\
< 7 = i )
f2| = A A\ 4 Sm-Mn/Ti-1.5
E Sm-Mn/Ti-1.5 /§§' S a7 N/
<) [+#] R
— ad 14
g T3 8 L Sm-MwTi-|
= | Sm-Mn/Ti-1 4 =1\
< - S |27V
z /7 D le
g ;' = P TiO
g | Tio = = g e 2
T T T T T & 4 T T T T T T T T T T T T
0.0 0.2 . 0.4 0.6 0.8 1.0 o 20 40 60 20 100 120
Relative Pressure (P/P,) Pore Diameter (nm)

B3 AT N, WP A B i 2650 BIH FLA% 53 ih 45
Fig.3 N, sorption isotherms and BJH pore diameter distribution of the catalysts

22 RETERNTSHHT

K XPS AN Sm-Mn/Ti ARSI Sm 3d. Mn 2p. Ti2p. O Is Yeiib4r 1704, 4552
4 L2 R NE2HER, WHEEASEEy =1, 1.5, 3 [ Sm-Mn-Ti-y {#L75ZH Mn/Sm JF
TN 0.9 1.0 F1 0.6 F s N 4] 7o Sk BB is i, (A6 FRIZR I Mn o2& & 2 I3 i
JE IR/ B . IR TR W AL S e N, MnO, IR ER N, SRR Mn & 2RI,

Kl 4(a)Bn TG Mo 2p Otil, Hr @& WA B REUE />R, 535108 M 2py, A1 Mn
2p3ne BAMN  2pshffEdERUNG, AR T 641.2-641.9 eV HIAFMEIE TR T M3 Wk, 1T
642.6-643.8 eV ARTRHIE W R M ) Fh(20. 211, Mn** B A b M SEBR (0240 PE, 805 1) Mn*/Mn L
B BT AR R RE . XA R Tk SCR ML FEH B 2 NO/NH; WA iS4k, XHFHE

i i 1 i A g (200,
R2 EHIRE T RERFE T
Table 2 Surface elemental composition and atomic ratio of the catalyst
Catalyst Elemental composition / % Surface valence atomic ratio / %
Y Mn/Sm  Mn (6] Sm Ti Sm**/Sm  Mn*/Mn 0,/0 "Sm3* “Mn**

Sm-Mn/Ti-3 0.6 4.2 68.1 6.6 21.1 30.8 49.3 229 2.0 2.1
Sm-Mn/Ti-1.5 1.0 4.6 67.3 4.6 235 24.1 56.5 25.1 1.1 2.6

Sm-Mn/Ti-1 0.9 3.5 67.1 3.8 25.6 22.3 31.3 52.0 0.9 1.1
T "M RIS SR I BRI AR D9 3R iR TR L ATAS [R) 47 25 R AR R L A 2R

WER 2 frow, BEEEPEA SR A8m, #4LF)ER T M /Mn EB] 2856 BTG R RERIEA
Sm-Mn/Ti-1.5 FIH ) Mn*/Mn LB E, X3 56.50%; H K& Sm-Mn/Ti-3 4L ZR H Mn*



167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

186

187
188

189
190

191
192

/Mn, N 49.3%. 4TI R T ERFR BEAUAN R 28 T 5 L3545 31 1) 3R 1 Mn* R FES1 158 2
o Sm-Mn/Ti-1.5 RH Mn* K E (2.6%) B ET Sm-Mn/Ti-3 (2.1%), Fi# 3R 55 1 Mn+ K
55 HAR R RIS A& . W IR T LA EE 2], Sm-Mn/Ti-3 AL Mn - 2p 3% m) 5= 45
LHREAMRRS . XS T IZMEAL S TEZH 4> Mn A1 Sm R JEEE, Mn 1 Sm 2 [AIAELE (SR 2 HAE
F, B g R4 o A i i = AR A2

WK 4(b)Brn TR O 1s Bk, ¥ O 1s ik G AMFIENE, 455607 T 532.3 eV
b FA IR B R S PR Oy 7T 530 eV ARV I AR AR 4R Opl23 241, R 2 AT DAE H, BEETS
PR R y B0, Sm-Mo/Ti-1. Sm-Mn/Ti-1.5 #1 Sm-Mn/Ti-3 1AL 7 0,/0 ELFIIK s,
3N 52.0%. 25.1%F0 22.9%, UiBRVEVEAL & i, AR T REAGTIR TS A T . TR
T 158 Oy A2 B TE BRI S8 Fl,  7E SCR R SH HA L AR s 4 Op B s #2238, mIR i LIE SR
TEIRIHEAT2S], N FIR G5 AT 40, R Sm-Mn/Ti-1 F1f O, AN & B f i, (HH R Mn* 5 EEA
B, W FEOLEIEE TR

K 4(c)in T Sm 3d it & HIAMLT 1083.8 eV Al 1080.6 eV AEAMRALIE, 4 Hil%}
Sm3Fl Sm2 A4 261, BB TR A R y SN, AL IE Sm3/Sta MG . Sm3* RGN
P EAL IS JFEEHS M3t + Sm® o Mn* + Sm2THIiE Sm3t M 744, Mimnieit
NH,/NO, Y1 S M2 A TG AR 7] DAL Smo 3d 1% ef FME T BN SR 2, FlE 1G4 7 &
BN, H Sm 3d g m A A RE AL, BEIETEA S SmoRI M [EH BLAE 3G 5R22), B 4(d)fE
7~ T AR Sm-Mn/Ti 6] Ti 2p B XPS w7 Fae il Bl . Wil s, /BEE & T2 505 & y AR,
AT RL Ti 2p Yol F R A 4L R AR, i B TE-PE 4L IR st Ti 453 I AN 56 2%

(a) Mn 2p,., Mn2p,, Mn2p| (b) O1s

Mn* o ‘ 3 o 4
) Mn A\ 0, Op
—_xY RN SoywTis 4

Sm-Mn/Ti-3

i\ Sm-Mn/Ti-1.5

Intensity(a.uy)
w2
B
&
S

Intensity (a.u.)

T

Sm-Mn/Ti¢1

Sm-Mn/Ti-l
______ T //\

656 652  6ASG. 444 N 640 636 536 534 532 530 528 526

Binding Energy (eV) Binding Energy (eV)
() Sm 3y, Sm3d  Sm3d, (d) Ti 2p, Ti2p,, Ti2p
ke i L
Smt AN, . Smt\. ! T
ST N ) A\ SmMn/Ti3 1< 564ev /)
7( Sn1-M]1/T1—37 ', Sm2+ g : e / i\
8 " A < 1
‘% | S, SM-MIVTE-1LS /i Z Sm-Mﬂ"'Ti-l-Si_ f\
gt Y " - -——-——-—,—.;——-'____"_____a__—
ks E T':_‘ £ = ! s
. ] ! A
. Sm-Mn/Ti-1 Sm-Mn/Ti-1 L. /i
1120 1110 1100 1090 1080 468 465 462 459 456 453
Binding Energy (eV) Binding Energy (eV)

4 REMEAFIF XPS B, (a) Mn 2p; (b) O 1s; (¢) Sm 3d; (d) Ti 2p
Fig.4 XPS spectra of the catalysts. (a) Mn 2p; (b) O 1s; (c) Sm 3d; (d) Ti 2p
23 REEFEFHE RS
AL R 1R T A SR P — R P8 RAE M A 2 P I 8 v 1 AT LA I8 T 8 1 e 71281
K Ho-TPR BEARIRTL TGRS 618 (p = 3+ 157 1) X Sm-Mn/Ti-y ffE 4k 7R AR 5 58 /)
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W 5w, AT Hy-TPR #h£E S8 = 3 EHE JEIE: A7 FRIE X H] 242-302°C P[]
IR T X MnO, 18 J5 4 MnyOs [FIE 2, 471 [X [8] 430-463°C P4 If134 JF I 11 X8 Mn,Os 18 JiE N
MnO FIIFE LA SR 73 SmP Rt fIL S5, A7 T8 i FEE X [H] 554-647°C 1A ()38 BRGNS B Sm )k (1)
W6 R A6 291, I ] DL, Sm-Mn/Ti-3 EALTH B = ANE JE IR KT Sm-Mn/Ti-1.5.
X5 XPS /Mg R —3, Sm-Mn/Ti-3 iG TR /A N E3E i, B H g 205 Sm A Mn 7727E K AH
HAEH T Sm-Mn/Ti-1.5. Kk, Sm-Mn/Ti-3 FHLH FARAIE IR . =X FhE IR R fE g
5, JEHET NH; Al NO, i EEAL, fFEIFZY NoO A RGR EEIEIN, F& S8 N, P K.

(a) Peak IT b
452 ( )10007 Peak I
Peak II
Peak I Peak III T:u Peak 11T
0 800 - —
5 293 1585 =
vy
m-Mn/Ti- =
=z 463 = 600-
% % 478.1
-] = ]
647 2
I SmMuoTi-15| 8
430 ;‘ 200.209'9 1875
2424 554 F <
B 7 -
Sm-Mu/Ti-3 0 \_, | |
100 200 300 400 500 600 700 800 Si-Mn/Ti-3, St-Mn/Ti-1.5 Sm-Mn/Ti-1
Temperature (°C) Catalyst

5 Sm-Mn/Ti-y (y=3. 1.5, 1) fELGIH HTPRIEE [ Hy W AER 7315
Fig.5 H,-TPR spectra and H, consumption distribution\of Sm-Mn/Ti-y (y = 3, 1.5, 1) catalysts

Kl 5(b) MR 3 7R 1 HRYE Hy-TPR £k ()38 RIS BT SR A5 B [RIAE SR H, v FEE . AEH
EH|, Sm-Mn/Ti-1.5 AL )FEE T Hy WFEE NS 4 478.1 umol-g™!, HIKJE Sm-Mn/Ti-3
Sm-Mn/Ti-1. Sm-Mn/Ti-3 {47713 138 J57 0 T IR g, T4 #6 5 5 K BE o5 17 1t 20 40t s ) 3 nm £2 4
RIEE 2 555, Sm-Mn/Ti-3 AT E A I ER &, Rz 7R I Mo/Sm R +-1 0.6 B4
BAKT Sm-Mn/Ti-1.5, FUEHRE Mot IKE (2.1%) /0. @RI RIE 48 S s 7 1
M Gy FERE , Hy Y AR B AR AR 502 IR 90 [ P PR 4 43 R i A 300,

M EREERAT T, RE Sm-Mn/Ti-1.5 FH LI §E 70855 T Sm-Mn/Ti-3 {167, {H)& Sm-
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Tab.3 H, consumption and acidity amount of the catalysts

H, consumption (umol-g~!) Acidity amount (umol-g!)

Caiglyst Peak]  Peakll  PeakIl  Total ' ook ~ Medium  Strong — p )
acidity acidity acidity

SmMn/Ti-3 209.9 802.1 31.0 1043.1 217.0 196.4 1354 548.8

Sm-Mn/Ti=1.5 478.1 492.4 57.1 1027.6 280.7 95.9 94.2 470.8

Sm-Mn/Ti<1 187.5 534.5 142.5 864.5 166.4 376.6 371.4 914.4

NH; Wt 2 SCR FBifis S B CHEER T, MEAGTRIR IR M E,  Hoxd NH; [ bt g FyiekamB,
JEIT NH3-TPD SEIHR T T iEME4L 4 fu i y 3 Sm-Mn/Ti-y (y = 3. 150 1) HEALFFIR R 1 M iR
PEOL S BE A HIs A, g5 RanE 6 FIE 3 Fis.

W 6(a)ffizr, B ALK NH;-TPD #3230 4 08 NH; BLRtig. Hoep, A FREKX
[f] 157-167°C F 223-268°C 4k () Bt Bt T F1JE B U& 11 VA1 T- Bronsted S5FRVERL &, A7 T-HiEX
423-435°C AbI i i 111 VAR T Bronsted H sER A £32), 7T 574-633°C 4b i Mt Bt v AR
W B R TR IK) Lewis SERAL 1300, P b A () it B 0 L Xof J97 5 FEE AN () (RO R Az, o e T A T
fERR AL B, 7E SCR BRI FErp, AAE SR R IR R ER AR IR o 27 S5 S A2 VIR A W% B it
SRIERMEAL S L, RAESWICIE MG, H N =P UL, SEEREMGIASZI, MR SCR
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Fig. 6 NH;-TPD profiles and acid sites amount of Sm-Mn/Ti-p(y = 3, 1.5, 1) catalysts
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Fig.7 Honeycomb hole mold and the Sm-Mn/Ti honeycomb catalyst
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Fig. 8 (a) NO conversion, (b) N,O concentration,/(c)N, selectivity, and (d) SO, resistance of catalysts

ML 8(0)H AT LUK, AT NoO A2 AR BEANE 120 7 th s i B ILIEAH ORI G R 1E
60-180°C Ji[H N, Sm-Mn/Ti-1 BA &K NO 3, MHEAIY) N,O IRE =& K; 7E 120°C LA
I, Sm-Mn/Ti-1.5 ) N,O WEEBH /N T Sm-Mn/Ti-3. MR LAES], Fra L7 NL,O W E
bt B2 B e MBS (OB LI, AR N, e 43t [R5 B 5 V7 1k 2 70 47 3 B 0
I RRAR, I ELBEE T T R HR . 76 180°C B}, Sm-Mn/Ti-1 1 Sm-Mn/Ti-1.5 #EALFIHI N,
RFENE T 19 84%1 68% ] SMMn/Ti-3 AL T N, ik R GE 1% 5] T 33%.

ZRENT L =R AT EL RIS, Sm-Mn/Ti-1 A7) BER B e i N e 338 0E,  (H2 i A7)
) NO #5 Ak B SRR A HRNMNHEAL ] Sm-Mn/Ti-3 #EAF B AL 71 NO AL, HH: N, k%
Pz, HisMEAr i s, WA RISA R 1 Sm-Mn/Ti-1.5 AL R A & & NO k2
AR ) N e M, HLEPEAH 7 1 2 PR AIK . BRI, mT BUACH Sm-Mn/Ti-1.5 46 7 2 A
PR 255 e RS IR B AR

=BV Sm-Mn/Ti-1.5 fEAFIHT SO, R, WKl 8(d)F7R, 7E 120°C F, Sm-Mn/Ti-
1.5 HEALTRILE 50/ppm B SO, SURHHER 12 /MG, AKIHORER 95.6% 447 1 NO FAbZH1 92.9% /e 4
(1) N i #61E, Ho NO AL Za Ml Ny G BV KA R B R, UL TR B A T R 1Pt
SO, rhEEERE
2.5 {RIEBFHYIR ST 4

T AN SCR AT 1R S RERL ) 32 A0 455 S0 B AL RR S B P AL ), R BT B S NO,,
O B2 NH; 383 XU Fft 77 Langmuir-Hinshelwood (L-H) AUHEAT O, T B S NH; F1 44
NO J&@ i B B Eley-Rideal (E-R) ALIEAT BB, #5 LLAERF 7R BI04, Sm-Mn #4077 1 [R]i
TE1E E-R ALHIFN L-H ML), Ho E-R HLHILE NH3-SCR J MiEe = SAE H .

E-R ML M R Ut 1-5 114271,



279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

301
302

303
304
305
306
307
308
309
310
311
312
313

NHj(,) — NHy (o) (Bronsted FE A7 51D
(D

NHj (g — NHj( + * — NHz—*(, (Lewis B2A7 10
(2)

NH," ) — NH,+—* — NH,**,) - 2H* - e
(3)

NH;—*, - O-o0— NHy—*, - OH-o
(4

NH,"—*(,) + NO¢y - NH,NO, - N, - H,0 + *
(3

Horr, <@ TR A, “a” RIS YT, < R0 AR AR TS PE AL A

NH;-TPD M4 R K, Sm-Mn/Ti-1.5 #EAGTTIZR T F 2267 Bronsted BRAEDT AR Lewis BRI
Br . Hor NH; W 7E Bronsted BE A7 25 F IR R NH, 3£ B3], 1 Lewis £o7 AU 0 EEOMEH 45 & NH; 2>
T (R 910> . 7£ SCR it ferf, Fofz NH; A1 NH, I A 2 A B a0 » A S o v ) 44
[INHy-* (K11 A 12) o iR S A3 NO B, BB R NHNO WK, H &0 e N,
AH,0 7= (A= 13) B 15

W 9 Fizn, Sm-Mn/Ti AL T AZAE R Sm A1 Mn B [RI/E G Bk 0y 8 (2t XUE AL
B JFAEIR Mn** + Sm2* <> Mn3* + Sm3*SEIL TR N, Ml $2 FLARIR I 1B 361, Mn PR E i
TEERIE PR s, B IR BRHE AL NO/NH; 43126 i 1 f e i S B2 A Min* 408 J58 Min3*; - 1fif
AHAT ) Sm>* ML i 478 3K F (5 Min®* 55 37 0t S A0 Min%, MIsJRRDAE ) Sm2 7 38 T M A2 UVE L R I
KN Sm3*. XA Mn Fl Sm W4 & 2 (8] L E A A0N, 143 Mn*/Mn>*Fll Sm>*/Sm2* [ XU b
W FRIEIAF LLFE ST, B BHK IR SCR R kAT -

electron transfe electron transfe

e T-.& €~ fose electronic ™~ ~
~ - ~

7 \ ,
! get electronic 0* 0,

. electron r v
be reduced t’ transfe o be oxidized
/ “"be reduce-a\ ‘

/ be 0x1d1zed

1
0, NHZ(a.d) NH," on Brensted acid site
,. coordinate NH, on Lewis acid site
A
Ny HyO ¢ [NH,NO] B . K
NOgas) NH, -~

E-R mechanism 3(gas)

B9 Sm-Mn-Ti LTI SCR SR
Fig. 9 SCR reaction mechanism on Sm-Mn-Ti catalyst
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