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FEATR I NH; B2 5 FHE R (NH;-TPD) | X I
LA (XRD) | X GHEOLHL T HEHE (XPS) . N, I
Bif-RE R (BET) | H, 25 THild i It (H,-TPR) i,
&G NO B HEALIL B (SCR) BN P 4507 1%
fF5¢ CeO,-MnO, LI Ce Mn 2153 Xt SCR
R EOEATTN

1 K HES

1.1 fEeHHE &

K 3L PUBE i i & CeO,-MnO, fiE L. LA
Mn(NO,),, KMnO, fil Ce(NO,), + 6H,0 HHjIK{K
B, BHF Mn/Ce b4 01,3 :1,2:1,1:1,
12,1 3 e R s 7okt Hrp Mn(NO, ),/
KMnO, 252 : 3. MIAGGRIRE, Al ek HAa ki it
PERE, AT HARNR SCR {6 1. AR FmRIR e
IKAEUTHER, P81 pH {Hik 2] 10. T80 CHig
FES h, FrERC12 b 5. WU, YR, JRFESS0 C
fbe, FFREMEARIE R, 20 lid oy CIM4, CIM3,
C1M2, CIMI1, C2M1 F1I C3M1. F4EfLFNH &30t
- NAE N v [ I e 5 A6 I R T ST e
1.2 L SRAE

XRD AN « X SRFEATT S b 2 A 5 2 7 1Y
Bruker D8 Advance i, FEE S H Cu ¥, W&
40 kV, M3 40 mA, A 0.02°. FHHHZ 6°/min,
HFHVEE 26 =10° ~70°.

BET #y il %2. FH 3£ Micromeritics 2y ] )
TriStar 113020 BYHyHEN AL E I Ho R TR | P44
FURFIFLES. MEAERIRETTE 300 CR il E s kb 1
4 hJg, PLN,(FE-196 C R ) Dy W B ot 5l 4t

XPS fyilzE : AR oA 7ESE [ PE 24w AR 7
i) ULVAC PHI 5000 Versa Probe- I %I Hg, FHE#E{X |
PEAFT. LA AL Koo AF 9 380R I, X RE S 04T Bl B 28
(FLZ5 BE/NTF 8x107° Pa) Ab3, R TR R,
Fl € 15(284.8 eV) K.

H,-TPR i & . BURE §h 50 mg, 7RI &N 30
mL/min ] Ar K50 F LA 10 °C/min FHEHEETHE R
400 °C, fEIEAIT 40 min, DURR 2410 e R A4
SRIGIHEIR 2 60 °C, 7F 30 mL/min H,/Ar(H,=5% )
A T LA 10 °C/min JHE# A THE 2 900 C, £
4%y TCD.

NH,-TPD (il 7€ . A 100 mg, 73 & 30
mL/min f] He S5 F LA 10 °C/min FHEHEBFEE
400 °C, fEIRMFT 40 min, DR 2 2% 187 0 W% (S 4.

SRIGIEIRZ 100 °C, DL 30 mL/min ()3 5 E I 0% fff
2% NH;+He 30 min, %% )5 LA 10 °C/min F4iE# K T
TR ZE 500 °C, Kill#eh TCD.
1.3 {ELE TSR

PEAL IS PE VR TE [ 8 R A1 9648 (1. d. =10 mm)
AT, B A RN 0. 08% NO, 0. 08%
NH;, 5% O,, P 0 N, , f#EALF &K 0.4 mL,
258k 60 000 h™', J e A AR E 3 AR A B A
(COM - J2KN) #ll NO, fhyfe B2 Sy O It 1Y) i
SR A2, F s B RE R, BN T T 5 SR i 4
TE N EEAE 30 min J5 17,

2 HR5U®

2.1 EALFIEE TN

Ala] Ce/Mn FEIR HE CeO,-MnO, AL SCR
IETESS R LA 1. i 1 AT, Ce0,-MnO, AL
HAT RAF A ARR 6 ¥ #E25 #0k 60 000 h™' R,
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Fig. 1 Catalytic activity of CeO,-MnO, catalysts

with different Ce/Mn ratios at low temperature

Reaction conditions; 0.08% NO, 0.08% NH,, 5% O,,
balance N,, GHSV= 60 000 h™'

CIML fiEAEFRIAE 91 “CIE NO ALK F] 90% . |l
# Ce/Mn BE/RLAEFEAR, ALK SCR AL
PERLRIE . 2 Ce/Mn /R FUELIA B —E (HRT, {1
TG TEREE Ce/Mn IR HUAE B BEAR BT R R 24
Ce/Mn [ ELAEHE R, AR SCR {5 P A 2 A%
BN D 150 CHf, C3IML fEALTH Y NO [y
ARAUEF] 52% . il A1 CIM3 BA s ERY I
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RIKF]90% L L.
2.2 ZEAF N

Ryt — 5% CIM3 (1) SCR G fEfb 1t RE, 38
Tt 1 CIM3 i Ak 50 76 A [\ 25 3 19 NH,-SCR
TEPE. W 2 fros, BB 2 HEAE N, NO MIRELfE
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CZ ) NO, By % b3k 90% VL . 75 3
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Fig. 2 Effect of space velocity on catalytic activity of
C1M3 catalysts
Reaction conditions: 0.08% NO, 0.08% NH,,

5% O, , balance N,

2.3 XRD 4 #f
A [ CeO, - MnO, i 11 5 9 XRD [ 3% WL &1 3 .

H AT, AS[F] Ce/Mn BEJR LA ) CeO,-MnO, i
RN F B T 57 7 % A H 17 CeO, (PDF: 65-
5923) AH. B Mn 5 2 A3 i, AT S04 5 R U
HAE CIM3 1 CIM4 Ak 50 b 4G 0 2] &4 14 J7 41
MnO, (PDF: 65-2821). XK ALY FZE LT
FERIE R A B A TE. BEE CeO, & 3G AT,
VAR R SR, HAT S B AR AR, X R WIALE CeO,-
MnO, fiEfL7H, % Ce/Mn BEIR LUAE I /)N, i
PRI SR RSHI/D. L R] T CeO,-MnO, AL
YA ZERE 52 Ce/Mn BEJR SR,
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Fig.3 XRD patterns of different CeO,-MnO, catalysts
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1 WoR T ANE] CeO,-MnO, AL 1 H 2 1
1 LA FPEY LA, X T CIMI fiEfR5], HAH N
IR 4> 5] 62.3 m>/g. 0.2157 m*/g il 12. 3
nm. 4 Ce/Mn JEE/R UAH Bk /N, AH L F CIMI,
Ce0,-MnO, AL LR T AL AL B AL R, 2

#& 1 A[E CeO,-MnO, EAFHLRER, FLEMFLE

Table 1 characterization of BET, Total pore volume and Average pore diameter for different CeO,-MnO, catalysts

Sample BET/(m* - g") Total pore volume/(cm® -+ g™") Average pore diameter/nm
C1M1 62.3 0.2157 12.3

C1M2 73.3 0.2289 11.4

C1M3 97.3 0.2740 9.36

Cl1M4 78.0 0.2555 11.7

C2M1 101.8 0.2854 9.78

C3M1 111.0 0.2047 6.6

Ce/Mn FE/R I K, CeO,-MnO, AL B H 22 1
FRRIRE R B B R fadi. g5 GG R AT A, C3ML

HA ORI He 2 i BUH AR AL I P fe 22 dy g ml
I, CeO,-MnO, HEALTY LE e 1 AAS 2 2k E H SCR
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I LR E— R K.
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i Ce, Mn &8 UL 2. fEAF 4 CIM3 Al
CIM4 rf S0 Mn 5 B R, Ce S EBAK, X T
C3MI fEfLHH], 200 Ce/Mn =6, AHXT T FRIG A i 22
BR. W12 Ce/Mn & ik 5| —E {HI (Ce/Mn =

1:3) AR Ce K2 RMTRS, (&8 1AM
Mn 5 PEAE, AT T Mo [m AT, S8
Mn YyFpfe CIM3 LG R 70 A5 %, 2 Ce/Mn=
1 4 [ Mn PyfleRs S AE AR FR 0 AR, (EA5-15 1
DL KK, i) SCR LT M. PRk, Ak
7 CIM3 ARt T 1 dre

%2 7FE Ce0,-MnO, ELFRARTEIRE

Table 2 Surface atomic concentration of different CeO,-MnO, catalysts

Surface atomic concentration/%

Sample Co Mn M/ Mn* +Mn®* Ce¥ /Ce +Ce3 0,/0,+0,
CIM1 24 22 23 10 25
C1M2 21 24 22 14 23
C1M3 18 26 28 15 27
C1M4 15 28 27 17 26
C2M1 31 16 20 13 26
C3M1 41 7 18 9 18
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Fig. 4 Ce3d XPS spectra of different catalysts

[y CeO,-MnO, fEALTIHIFEAE Ce™ Al Ce™, JFHE
FLL Ce" TERAFTE. Ce™ F ik th R BV/NIIT Ky -
C1M4>CIM3>CIM2>C2M1 >CIM1 >C3M1. SCHk i
W2 BRI Ce et AR AR JRPERE , M
WESRAEALTE M. 12 Ce 3d B, AL CIM3
1 CIM4 [l B4 5 CIMI Ry Uik 12\t 2 4 i
FHLE & Ce UIMA, Ce F ALY TEAE AL 2 I /31K
BT, K2 s AL 7R i A kA AR, A Bh
THEE NH; (5L, S ®InAR, Ce LYK

KA R MR, AR Ce RN M, &
SR 2 1005 AL kD, R i AR A ROR
I AT, ASTR] Y Ce/Mn B8 LU 4552 Wi HC 32 T
Ce™ ik, NI IR FLAEALTE P

5 SCR B H, AL R 1045 &% 2 5 NH;
ATE AL L & NO Y%A, R A A 79 ) 2 T 4R 75
S LTS RO SG. NI, MR A9 SH OO0 R

AT T XPS Jpfr. BS O 1s BIEIE. 48 SRk
Opn /~\
/N2 o
o o
/& cimi
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Binding energy/eV

Kl 5 AL H O1s i) XPS [&]3%
Fig.5 Ols XPS spectra of different catalysts

W R MARICH 0,(521.3 ~531.9 V), &
AT N 0,(529.3 ~530 V). L5432 a4,
Ce0,-MnO, AR 1 48 &% = AR A ITUT 2 C1M3
(27% ) >C1M4 = C2M1 (26% ) >CIMI (25%) >
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Fig. 6 Ce3d XPS spectra of different catalysts
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F Ce(HA RAFMIE A B AR S IIBIA, 4L
i Ce 1l Mn 2 () AR B4 F, 420 T AL iR AL
WIEPERE. 75K Mo R FREE T, hnsk 17 %
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Fig.7 H,-TPR profiles of different CeO,-MnO, catalysts
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Fig. 8 NH,-TPD profiles of different CeO,-MnO, catalysts
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TG TERY S . AnlEl 9a fi7R, Bl Ce/Mn FE/R LL
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Fig. 9 NH, oxidation activity (a) and the surface Mn** ratios (b) over the CeO,-MnO, catalysts.

Reaction conditions: 0.08% NH,, 5% 0,, balance N,, GHSV= 60 000 h™'
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NO, i, SCR sz B AL etk BB (5 ) #EAT, b
AR W . X T Ce0,-MnO, AL,
M S e T Bl A 9T o5 1 L9 (1819 b)
A: CIM3 (28% ) >CIM1 (23% ) >C3M1 (18% ).
i Ce*" +Mn* —Ce’ +Mn* AJ 1, Mn* M £ | ERE
Ce” TritiZ, PIARHEE 2 CLECR G, DO A
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Fig. 10 NO oxidation activity over CeO,-MnO, catalysts
Reaction conditions: 0.08% NO, 5% O, balance N, ,
GHSV= 60 000 h™'
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Effect of Ce/Mn Molar Ratios on the Low-Temperature
Catalytic Activity of CeO, -MnO, Catalyst
for Selective Catalytic Reduction of NO by NH,

SONG Zhong-xian, NING Ping, LI Hao, ZHANG Qiu-lin, ZHANG Jin-hui,
ZHANG Teng-fei, HUANG Zhen-zhen
(1. Faculty of Environmental Science and Engineering, Kunming University of Science and Technology ,
Kunming 650000, China;
2. College of Environmental Science and Engineering, Hunan University, Changsha 410082, China)

Abstract; Ce0,-MnO, catalysts were prepared by improved co-precipitation method using potassium permanganate
and manganese nitrate as manganese sources, and the effect of different Ce/Mn molar ratio on the SCR performance
was investigated. The catalysts were characterized by XRD, BET, H,-TPR, NH,-TPD and XPS. The results indi-
cated that the CeO,-MnO, catslysts exhibited the excellent catalytic activity at 50 ~ 150 °C. The crystal sizes and
redox properties of Ce0,-MnO, catalysts were dramatically affected with the addition of Ce speices, and the intro-
duction of Mn species could contribute to the low-temperature catalytic activity. When the Ce/Mn molar ratio was
1 :3 (CIM3), the C1M3 catalyst showed the best catalytic activity and above 90% NO conversion was obtained at
82 ~ 150 C. The excellent SCR activity of CIM3 was attributed to its higher surface oxygen species, its excellent
redox property, its abundant weak acid sites and its higher surface Mn*' species, which were dependent on the
Ce/Mn malor ratios.

Key words: selective catalytic reduction; low-temperature catalytic activity; acid sites; Mn** species



