%%ﬂ%‘——'ﬁ ﬁ* 2024,30(1) :17-24

Journal of Combustion Science and Technology DOI 10.11715/rskxjs.R202312012

TESEBZX Mn0,-CeO, K8 SCR HEERI 2N

IWE, T4, EEE? xS, RFE, M OB, kHEB'
(1. WL SRR T A E R B S2me 2, i 310027; 2. HrEAZSh Ao it B, MEF 610213)

# E: BRI EE A AR T B SRR 2Mn-Ce-M (M 24 Fe, Cu, Ni, Co)##fb#l, H&T it
P4 BB IR SCR BifPERERSEM. P 2Mn-Ce-0.2Cr AL L AEA, AfLidlsgeEd, BA+
B BB SRR ST | B BAL 2 IR R 4R B i SRS BE , A R TFIRIR R NH;-SCR S FIRAIE . 2Mn-Ce-
0.2Cr HEALFIAIMRIR NH;-SCR TG VEfAF, REAE 100 ~ 225 CHYTERIE X N PRES 80% L) E % NO, #fk%, &
125 ‘CH} NO, #5 bR IR 99.1%, A {RIEAELIE AR 1 NO, 4L TR B . 1k4h, 2Mn-Ce-0.2Cr 5 H
A RIFPIRRPUKAE S, 76 150 CF, A 40x 10° /) SO, K Sh, HAELIGHERGELE 98%; 18 3%AIKZES
T, HACRLARE 95%L |

XEIF . JEEEBLAE; MnO,-CeO,; il SCR; sKAFIRSN A LA JFTEL
HESES: X511 XakERER: A XEHRS: 1006-8740(2024) 01-0017-08
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Abstract: The 2Mn-Ce-M catalysts (M = Fe, Cu, Ni, Cr)were synthesized by hydrolysis driving redox method
to investigate the effect of transition metal doping on the SCR performance at low temperature. Among them,

2Mn-Ce-0.2Cr catalyst has larger specific surface area, moderate redox capacity, rich acid sites and oxygen va-
cancies, and the highest chemisorption oxygen content and acid site strength, which is conducive to the smooth
progress of NH;-SCR reaction at low temperature. Meanwhile, the 2Mn-Ce-0.2Cr catalyst has the best low-
temperature NH;-SCR activity. It can maintain more than 80% NO, conversion in the wide temperature range of
100—225 °C and reach 99.1% NO, conversion at 125 ‘C, which provides a new idea for NO, catalytic reduction in
flue gas at medium and low temperature. It also has good resistance to sulfur and water. With 4010 SO, added at
150 °C, its catalytic activity stabilized at 98% after 5 hours of reaction. What’s more, its efficiency remained

above 95% with the introduction of 3% water vapor.
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1.1 EUeFHEESRA

AR SR K S R s B A JRED) il 45 T
4R 2Mn-Ce-0.2M (M A Fe, Cu, Ni, Cr) #E4k5
(B Mn.Ce .M #EipyarZ bl 201 :0.2). 40k
(1) ~ B3) s, i gt &8 8 7 (Ce™  M™) 78
KK g e A 4 @ DLIEY M HY, H 9K 3 H,0,

KMnO, &A= AR 50, IF77 45 MnO, UIUE , AT
HEME A EEAAY. HARIT - #e it & AR
KMnO, (=99.0%, [E24) . Ce (NO3) 3+ 6H,0 (=98.0%,
Falhz 1) A M(NOs), + yH,O(M 4 Fe, Cu, Ni, Cr)
(=98.5% , [E24) (Mn,Ce M ¥IRMEZI N 2 :
1:0.2) AT 300mL EBEFKT, HIERRK
A f 0.1 mol/L 9 Hy0,(30% , [E2) 7 InE 7
WA LRI, AR R DIEY). B R | R
Ja BIUTHEYITE 100 CH4 12h J5, 76 400 C RS
Bk 3h JFR &, 1178 2Mn-Ce-0.2Fe , 2Mn-Ce-
0.2Cu, 2Mn-Ce-0.2Ni Hl 2Mn-Ce-0.2Cr HEfL7]. Itk
Ab, IR AMIFE 564 T 2Mn-Ce 4B, 1E A%t

HEZH A 718 P 3 S AH e AR
Ce’ " +3H,0 = Ce (OH) 5 (s) +3H" 1)
M"+3H,0 =2 M (OH) , (s) +nH" )
2MnOy4 +3H,0,+2H" = 2MnO, (s) +
30, (g) +4H,0 3)

% A Quantachrome Autosorb 1Q3 W 4% , 7£
77K WRE SR A AR A U B PR 2R A
S, RIS AL Y e 2 AL (BET) | FLA AP 4L
125 i X S 2 i (Rigaku D/max 2550PC)
Wi X Gt i, R Cu Ko $EAHH (1=
0.154 06 nm) , i KA th D34 18kW , Il X [A] 2
10 ~ 80°; i L 5B A AnifE Al Ko i (1486.6 eV) FIOE
HL T AE1% (Y (Thermo Scientific Escalab 250Xi) 15
XPS &L A, Ry A S AT B (Ho-TPR |
NH;-TPD . O,-TPD) TEAL 2 43 #14% (Micromeritics
AutoChem I 2920) F52)g.

1.2 KERE

T [ 5 PR S 0L A Nt T LA £ 3 U 4R 1
2Mn-Ce-M (M 4 Fe, Cu, Ni, Cr) fi. k) NH;-SCR
i, IS RGN 1 PR,

MFC AL

KR {8
TP NO — —
MFCl—— L
NH, — —
MEC bl
(NI ML g=8 mm)
OZ —— —
MFC
N, — —
ETIR RIS MFC (LR N, -
5o, Ty e
— — (Gasmet DX4000)
MFC pirgsy
KA
N:

B 1 NH;-SCREMMNXRZETRE
Fig.1 Experimental set-up of NH;-SCR activity test system
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Fig.2 Catalytic low temperature activity of 2Mn-Ce
catalyst after doping with different metals
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2.2 XRDZXRIE
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(JCPDS#44-0141) fil CeO, A JCPDS#34-0394) (145
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Fe.Cu.Ni.Cr i, fEALFITE 20 = 30° B T — K5
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Fig.3 XRD patterns of different catalyst samples
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Tab.1 Pore structural parameters of the catalyst samples

n e D A7 44 2
fiEfeA E[:i%mj:;/ (cj:::j: gi) q:iqjll:jr :
2Mn-Ce 166.5 0.63 13.39

2Mn-Ce-0.2Fe 178.8 0.53 9.26
2Mn-Ce-0.2Cu 148.5 0.57 11.03
2Mn-Ce-0.2Ni 153.4 0.69 13.22
2Mn-Ce-0.2Cr 159.3 0.64 12.45

72 1) BIH WAL AT ; 2) BIH BEFFF 14 FL4%.

2.4 NH;-TPD R1E

NH;-TPD JURE5 RN 5 B, A4 it e 1)
TRPEFEE, PR R 3 AN, 4351 %60 55
iRz (<300 C) | H5® R (300 ~ 600 C) Fl5k iR fif
(>600 C) "1 55 W A1 e B 07 o 5 W BRI B | fbpe
WZFFFA NHs 050 56, SRS NH, BB R A el
PEAR TR R 07 A5 1Y) NH BB D3R 2, NH BB Y
K/INAT DA R R A7 fy ek RN AT i
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SR
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Fig.5 NH;-TPD profiles of the catalyst samples

F2 EUFIERLN NH; BHE
Tab.2 NHj; desorption quantity of the catalyst samples

e E'HEEKTITE/ *?ﬂ‘il?dﬁ/ ﬁiﬁa’i{ﬁ/
(gh (g (g™"
2Mn-Ce-0.2Fe 45.53 37.41 8.13
2Mn-Ce-0.2Cu 56.77 41.59 15.18
2Mn-Ce-0.2Ni 43.77 35.85 7.92
2Mn-Ce-0.2Cr 70.82 55.83 14.99
2Mn-Ce 48.05 37.11 10.94

A HAbAE AL, 2Mn-Ce-0.2Cr fE4LFITE 100 ~
300 ClaAa —A~Kaens, HHEA i & iR RO i
A LB B S, 156 P HLA R 2 R R 57 s R i
BR5RJE , IX A e AR ™ HA B 47 SCR 1:RE
AR T 2Mn-Ce-0.2Ni A A% NH; Bk &,
XA g R B Re AR 22 1Y S R 2 —.
2.5 O,-TPD R1E

0,-TPD HHZUNE 6 Fin. MEHATLIE H, fi#
EFIEAT o B0 55 3 DRI, —BoRut, PR it
A ALZFI B A AR T TE PR AT T 500 °C AR A
TR R0 | STV 1T S AARAH A R 500 C LAY
E RN 2Mn-Ce-0.2Cr 7E 460 ‘C T (4 Bifi g
X R F Al 2 W B4R, 20 TR R, DB LA 5
(A7 B A A Al 2R R A R T NO ik
H NO,, MIEHE “Ped SCR™ v, A F) T4 s it
e A AR,

PN
2Mn-Ce-0.2Fe
o B
% 3Mn-Ce-0.2Cu
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i EE1C

B 6 ARELFIEEME O,-TPD Eik
Fig.6 O,-TPD profiles of the catalyst samples
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2Mn-Ce-0.2Cu (4.35 mmol/g.,) . 2Mn-Ce-0.2Cr #{L 7]

1E 306 CIE T — 1N RIYE G106, MHT 2Mn-Ce i
B3, © A R g — 2 B E b mRR X R gl , vl
B Cr o, MALRIZEARE T A AR v se 5 2 7
2Tt

— R, TPR I IHFE Hy 82, FEA Y
WEPEYIFI 2. 2Mn-Ce-0.2Ni [ H, IHFER AL,
UEHHAA IR SR RE B 25, T 2Min-Ce-0.2Cr 1Y Ha 1M
PR, XUl S A B2 Gy, iy
P A LIS IR PEREFE T, WX F 2Mn-Ce-0.2Cu, B4R
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i, (R SR E AR SR R BE VT RE & 80 NH, 193t
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Fig.7 H,-TPR profiles of the catalyst samples
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Fig.8 Biding energy spectrum of the catalyst samples
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F3 EALFIESE Mn 2p F1 Mn 3s BliL 4R
Tab.3 Mn 2p and Mn 3s spectrum of the catalyst samples

+ +
e LY M Sao
ZELREV | LBl | G5EREEV | HeBil/%
2Mn-Ce-0.2Fe 643.7 27.8 641.9 68.2 3.30
2Mn-Ce-0.2Cu 643.5 30.9 641.6 67.8 3.30
2Mn-Ce-0.2Ni 643.3 33.9 641.8 669 |3.26
2Mn-Ce-0.2Cr 643.6 31.0 641.6 69.1 3.31
2Mn-Ce 643.7 29.3 641.8 69.7 3.28

Bl 8(b) /R T 4 FEEAALYIN Mn 3s Eli,
53 G BUE A (5) THEAE S TR A 4 S A
B (Sao) , Hivh AE, N W 45 4 Bk 22 (1 PV,
Mn,Os Mn*") ) AE, K T4 F 53eV, M MnO,
Mn*) 1 AE, 298 4.7eV. Sao —EFE FAFE T HE
R AR RN S, S ALY Sao MHZEAR
K, HiH 2Mn-Ce-0.2Cr 1Y Sao WK T HAAEALT, A
R HER S A AT BB , AR T NH3-SCR I
N HEA T
Sao = 8.956 — 1.126AE; (5)
8 (o) JE/R THEALFIRY O 1s T K fi B A 1)
MLk, S FIEEE5 BRI/ INIUT , 43 3Rk 27K
B4R O FTARAE AL O, FEH 2R IR IR Og 1AL
FIR) TR BT . SRR 25 5 RE S L lE R 4
HB L S AR TR A2 IR 4R 1) I AN
2Mn-Ce (56.5% ) >2Mn-Ce-0.2Cr (53.8% ) >2Mn-Ce-
0.2Fe (53.7% ) >2Mn-Ce-0.2Cu (52.8% ) >2Mn-Ce-
0.2Ni(50.6% ). ATLAE Y, il Ab 7] B fb = 0 B 4
LU A5 349 1 T AR AR L8] BIF IR SR B, Al i B 4R
O, A HEMEITHAR, PILE KA 0, HA
BHFTETER. BeAh, KRR AR O PRl
FIT NO &b N NO,, A LI “Peidt SCR” K i
K. BAEEE , MR B 4R L s T
K, VLB S 2Mn-Ce fEAL AT S IARZE R AT BE A 2E T8k
Ag. Hirp 2Mn-Ce-0.2Cr HAT 5 i A Hk 240 B 48 HE 151
FUR AT AL PR AR, DB Onq AT RUMGEARIR T 19
NH;-SCR i, $& m AL FI ik fE. 11 2Mn-Ce-
0.2Ni HAFALH Oad/On HB, FHOMEALTE 1)

F 4 EEFIERB O 1s B
Tab.4 O 1s spectrum of the catalyst samples
O Oud
ZEA eV | LBl | 454G eV | ELl%
2Mn-Ce-0.2Fe 529.4 46.3 531.0 53.7 1.16
2Mn-Ce-0.2Cu 529.4 47.2 531.3 52.8 1.12
2Mn-Ce-0.2Ni 529.5 49.4 531.1 50.6 1.02
2Mn-Ce-0.2Cr 529.5 46.2 531.0 53.8 1.16

2Mn-Ce 529.4 43.5 531.1 56.5 1.30

ital 04/Ona

REAIR.

K 8(d) JE/R THAERIA Ce 3d NG, B
mmara 6 ANEEERENE, ARIC vovT, v ou Al u”,
Hor, vl wigERE T ce Rl Hoft g2tk
T Ce" P ce MR G EIER 5 5
AR Ce DL Ce* T, Cel TR HLIE N 5
BEAh, A BFFE T, Ce¥ Al LIAE W4 28 7 I, IF
384 58 S8 W) ol 7E A Ak 70 2 18 A O B P, 2Min-Ce-
0.2Cr AL B fe R Ce® AHxt & i, {2t T
fIGIE T 9 NH3-SCR S .

x5 EUFIERE Ce 3d BEiEHE
Tab.5 Ce 3d spectrum of the catalyst samples

HEALH] (Ce*/Ce) 1% (Ce*'/Ce) 1%
2Mn-Ce-0.2Fe 14.8 85.2
2Mn-Ce-0.2Cu 14.9 85.1
2Mn-Ce-0.2Ni 11.5 88.5
2Mn-Ce-0.2Cr 153 84.7

2Mn-Ce 10.8 89.2

2.8 ERPTIKIERE

Ve BUTE P B U 2Min-Ce-0.2Cr i 1L 7 , 1
150 ‘CF R T Hisi . Yok B, 455 0K 9 pr
. AR M SO, (40 x 10°) T, 2Mn-Ce-
0.2Cr MEALTE MIEAAAS , Sh JEFETE ~ 98.0% .
24 SO, AT ECH 80 x 10 B, AL FINEMAE Sh )5
TREN ~73.0%, HHI—EBRERRIE. 4 SO, (A
OIBUERTEZE 120X 101 AL =415, 76 5h 5
WM TR ~ 53.6%, KA R TP aE. X i
2Mn-Ce-0.2Cr SHIEHFEERY SO, HA BT 1yt 52 fe
J7, T EE R SO, WIS PR 6. ZEHTK I
H, I 1% K Z8 S5, A A0 00 8 4 I 1 T %
F ~97.6%. KIS ETHE R 3%)5 , fELRNG
PET BRI R BE S SR K, BEEARER A #E ~ 96.0%. 151k
HWAKZESG , HEAL TS M AR &2 28 1 8 K-, 1
Bibi & Wt Al TP prii R

L A L )
oo} 1%H.0 {%IEH,0 3%H0 (g0

NO k%1%

80F SO,

60 ——40x10"°

40F —=—80x 10"

20F ——120x 10"
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Fig.9 Sulfur and water resistance tests of catalyst samples



PINRIRRAE . P BRI A% MnO,-CeO, filik SCR PERERI R

MR FERA

3 & it

AR K IR S AR R R ik, e T — &
B0t 4B U R ) MnO,-CeO, #ELFH , #5957 H:
FEMIGIR T A SCR fEARTE M, A5 tH DL 458

(1) A AT B 336 1 F2 T 0P R AIK - 2Min-Ce-
0.2Cr > 2Mn-Ce-0.2Cu > 2Mn-Ce-0.2Fe > 2Mn-Ce >
2Mn-Ce-Ni. H ' 2Mn-Ce-0.2Cr EA &I IHfELTE
£, 7E 100 ‘CH} NO, F b2k %] 90%LL . 7E 125 °C
B, BT 99.1%H9 NO, #44L%, F-7E 100 ~ 225 °C
1) T T DX ] N A 80% LA F 1 NO, 41k K.

(2) SR FH K A 8K 8l 48U Aads T i il £ (R A AL 7R 45
FEEE AR RLAR BN, 4 IA) B AT B0 i AH AR
FH. e ELA R P 2 LA s o 1 e T

S, A I I 7 A ARG | AT A T BEL A

(3)2Mn-Ce-0.2Cr A fz fm 1Y H o BR A I B
FILS BB, 156 B HA T 2 (R IR o7 si I EE 5 Y R AR
B, RV R R A G EER R
—. 2Mn-Ce-0.2Cr (138 J5ild— e AR BE I [ I X B
3, AR Z W m R, A2 i A fbis R b
REPETE.

(4) AL Fe i EHBA XA M, X AT
BT B0 VR B 1) S o R A o, (A AR A T 2
Hagm. Hirp 2Mn-Ce-0.2Cr HA T (AL 24 2 i 480 HE
fiF Cce® &, HAIT NO A4kl NO,, fEik “Hek
SCR” I ) KAz, I HAEAGIE T #9 NH3-SCR S )i

(5)7£ 150 ‘CF, 2Mn-Ce-0.2Cr XMEWJER SO,
BB 0T 52887, 0 = W BE ) SO, M 2> fifi et
P 5 TEIKFESMRFI B 3wlt, AL B RCR R 47
FE 95% LA I, 452 113l ATKZE s LS PR IEA R .
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