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1.1.1 ETS-10 #ik#l4%

T K IAGEH 44 ETS-10 WG &R A% n(SiO,):
n(Ti0,):n(Na,0):n(K,0:1n(H,0):n(H,S04)=5.5:1.0:3.7:
0.95:171:2.82, HEMER: 1.56 g H,SO, il 4.32¢
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1(a)fT7~ N ETS-10 ) XRD %, 7 12.3°.12.9°.
20.1°, 23.8°, 24.7°, 25.8°. 27.1°. 31.8°. 35.3°, 35.6°.
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Fig. 1 XRD patterns of ETS-10(a) and Fe-Mn/ETS-10(b)

2 ETS-10 5 Fe-Mr/ETS-10 K] SEM 14

Fig. 2 SEM images of ETS-10 and Fe-Mn/ETS-10: (a) ETS-10; (b) 5%Fe/ETS-10; (c¢) 5%Fe-0.5%Mn/ETS-10; (d) 5%Fe-
1%Mn/ETS-10; (e) 5%Fe-2.5%Mn/ETS-10; (f) 5%Fe-5%Mn/ETS-10
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B3 5%Fe-1%Mn/ETS-10 [] SEM 15 J% kM. ) 70 2 TR 348 20 A

Fig.3 SEM image and EDAX element mappings distribution of 5%Fe-1%Mn/ETS-10: (a) SEM image; (b) Na; (c) K; (d) Ti; (e) Si;

() O; (g) Mn; (h) Fe

2.3 FTIR RIER T
4 Fi7nN FTIR . #f45 ETS-10 7£ 500~4000
Y Py B R A e ) iR R A B S S R
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3600 cm ' ) BE U K S 4R IR B R A I R S i 4R
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FFFAEE . GBI A BT L0 AR B, AT DL B 5 R
ETS-10 73 T () & 1, [RS8 ETS-10 WA &
FaE AL 34K . Fe-Mn/ETS-10 #4 K H ) Mn, Fe
YR R S el FTIR G As I 2 oe B4k
AEWEERS L S B F & ¥ Fe-Mn/ETS-10 £ i
f\] Mn F1 Fe & &1%.

(a)

1029.81
973.89

4000 3500 3000 2500 2000
Wavenumber/cm™!
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Fig. 4 Infrared spectra of ETS-10(a) and Fe-Mn/ETS-10(b)
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Fig.5 Fe 2p XPS spectra of Fe-Mn/ETS-10: (a) 5%Fe-0.5%Mn/ETS-10; (b) 5%Fe-1%Mn/ETS-10; (c) 5%Fe-2.5%Mn/ETS-10; (d)

5%Fe-5%Mn/ETS-10
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W& HAFAE. Fe 2psyn M Fe 2pp BURGS G HEALE,
I3 HINTRE 710.3 eV A1 723.8 eV, JHAJET Fe*'; Fe 2psp
Fl Fe 2p,p B mdh G RN E, R 712.7 eV Fl 726.510
eV, HEF F M A BREIEWMIAET Fe'.
W 5w s I AR Fe-Mn/ETS-10 1
ANIE Fe #IFprAERT &8, R WE 1 fos. W@
NO, IR B AL J5 1 B L e T HEAL IR TH /) Fe b
HKY Fe HEEVIMI, IR ATE BN KD
BR: 1) CO fEMEARIR I M, FESENE ST
R, AT 72 A 5 000 TR D 46 Jes 2 TR R A 1 4 A
2) NO fEILJE 2T Fr Wb, R )5 5 B (IR
£)CO J R AR A0, 5 [ T 5 K 8 1 /N ek
SEAIBORLAT LA 752 NO, W R3S M0, Fe,0;
I A S S AR AE FeP R FPORBS Z A AR, i
AT A 1 e 52 G S iz ), R ik 7 B R AR SR 1Y)
Fe' WIFf Je/NH Fe,05 HIFR /2 CO-SCR I BL TG
JRMST, AR RAE LS R, Fe YR/ A5 (1 B Z 1,
i1 FeX B IN T NO, (WL &, 1M SE4F ¥ Fe #0Rh5y

640 645 650 655
Binding energy/eV

640 645 650 655
Binding energy/eV
& 6 Fe-Mn/ETS-10 ] Mn 2p Jit

#F1 Fe-Mn/ETS-10 1 Fe JLH & &5 HT
Table 1 Analysis of Fe element content in Fe-Mn/ETS-10

Mass fraction/%

Sample

FeO Fe,0; Fe’" sat

5%Fe-0.5%Mn/ETS-10 47.37 24.92 27.71
5%Fe-1%Mn/ETS-10 43.20 30.28 26.51
5%Fe-2.5%Mn/ETS-10 46.82 26.39 26.79
5%Fe-5%Mn/ETS-10 46.74 25.35 2791

Aif e T AT . 5%Fe-1%Mn/ETS-10 HA[H Fe
VIR A S 2835 AR, 5%Fe-1%Mn/ETS-10
T Fe MRl K Fe,O5 Friticion, Jeili MOt &5 iy
%z, B, AT BN RS AIEEAT o

Kl 6 fii7~ A Fe-Mn/ETS-10 ] Mn 2p S, Hr
Mn,0; 2k« MnO, &N i, )@ Mn 7ERE & 2 22
L= AU ST A TE, HOGIEE M4 G e b
HIREIE, AL FIR T AFAE Mn> P F .

640 645 650 655
Binding energy/eV

@ Mn 2p;)

640 645 650 655
Binding energy/eV

Fig. 6 Mn 2p XPS spectra of Fe-Mn/ETS-10: (a) 5%Fe-0.5%Mn/ETS-10; (b) 5%Fe-1%Mn/ETS-10; (c) 5%Fe-2.5%Mn/ETS-10;

(d) 5%Fe-5%Mn/ETS-10
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Mn 2ps, HITEZ) 641.4 ¢V, Mn 2p,, HIFEZ] 653.2
eVl ARAERT L LYY, Mn 2ps, MR 4G REA
Mn 2p;, FIBHIRES & B AL B 7 Hil X B 641.2 eV F1 652.6
eV, AN Mn’"; Mn 2py, I 45 & RERT Mn 2p,, 51K
(K454 BEA BXT N 643.4 Al 655.0 eV, A Mn*", SZE&
ARG AR E 6 Fiis.

L 6 L@ A THE Fe-Mn/ETS-10
RANTE] Mn P9 AN &5, SR AEE 2 H 0 P
Hr, SEAEILE Mo Mot A, 20 AE
A BRI R AL S5 e, RIHAEAE 2
R ARG A, BRI TR . ER
A& EE AT, Mn,0; RILHFRER CO Atk
PEBE. 5%Fe-1%Mn/ETS-10 F1 Mn**/Mn* L5 %
BHRT =0 B VU BT A A 6, X 5 FC B A PE e
B E ARG

#F2 Fe-Mw/ETS-10 7' Mn ST R & &7
Table 2 Analysis of Mn in Fe-Mn/ETS-10

Mass fraction/%

Sample Mn**/Mn**
Mn,0; MnO,
5%Fe-0.5%Mn/ETS-10 73.57 26.43 0.359
5%Fe-1%Mn/ETS-10 68.80 31.20 0.454
5%Fe-2.5%Mn/ETS-10 75.89 24.11 0.318
5%Fe-5%Mn/ETS-10 79.36 20.64 0.260

2.5 #4F CO-SCRIEMMIR X 747

7 FR AL FIAE 50~600 °C 1 i fis ik o dh 2%,
R A, ASFEGELLBI Fe-Mn/ETS-10 F &1 it
fis P RESS BE A IR B 1 T i R e . LRI, 1
50~600 CYEHE N, 5%Fe-1%Mn/ETS-10 i fiff i e He

100
80
=
£ 60
5
>
=1
S 40
S —a— 5%Fe/ETS-10
z —o— 5%Fe-0.5%Mn/ETS-10

—— 5%Fe-1%Mn/ETS-10
—v— 5%Fe-2.5%Mn/ETS-10
—— 5%Fe-5%Mn/ETS-10

100 200 300 400 500 600
Temperature/C

20

B 7 Fe-Mn/ETS-10 [Ffi A= il 25
Fig. 7 Denitrification rate curves of Fe-Mn/ETS-10
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[l A 20

3 SRS

HRPEHTSC XRD Fl XPS ERAE T 733 2], M4
JE& 5] Fe-Mn/ETS-10 fEAGT, MEAIEIEZ AN TT
IR 1) JOLHIERES T Fe''s Fe,0 WG PEN S
it 2) MR EEAD A FZ A (MnO,, Mn,05)
AT DATEA [R5 0 Bl T A e R, R AR 98 T 3
PEE .

X CO-SCR [, AL 5 SOV <4k NO Al
CO Hefulsf, NO 3t Se W AR B b, TR A
A IR B S NO 0%, R JERB FME AN O, 2
JEfEE I N 515 NO 4/ Fa5 & T N,O. e, CO
Gr T AN E] =4 NLO F AR SES COp St 2477 i Noo
3 A N I N Langmuir-Hinshelwood(L-H) Hl
H, o, NO HffEs it CO fx NO [
B, AT LLEOE N—O B LUEHE NO K sy,

£ Fe-Mn/ETS-10 fib 5, Fe,O5 A S8 S A i
BRAE P R Fer A6 4 RIS, RIAR 2 18] AR AH B
YR AT LA Rckh = A= R T P A S S i e AR O, 3R IH
P IA S A R REAE & B AR P AR A, T AN BEAE B2
&R R VMRS AR . TR A
B K P E S AL FEAE, Fe-Mn X4 J& AL S
PR

[, % F NO+CO M, Fe’*+Mn’ <> Fe**+Mn**
AL JF AT, BT DU FL R R PR 4 2 A (1)
RS H. HI, PGl fegkmiFe . Fe’ K
EPAMn® . Mn*), NSRS T IR T
RO, HIFS N—O BRfE, A THWRMMT NO
YRR RS, AT AT CASESE CO I8 R NO FIMEAL TG 1 -
Xt 5%Fe-1%Mn/ETS-10 it fi 75 24 55t e 0 J5 A

4 Z5ip

1) 8 R E AR T 45 ) Fe-Mn/ETS-10 fi#
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7], WHEATIM B SR RITES. 858, YIAH
HRRAERIN, edhid 5 AT ARFE ETS-10 %
IR R SR AREEAE) DRI S5 A AT oy £ )\ THTARE AR T
W, Bk IR 4 R L B A B A A A AE T
ETS-10 #fAaKi, Z5 B RN .

2) 7E 5%Fe-1%Mn/ETS-10 B4 T ffE Ak 750 it Al 0
Phf R RN 300 °C B 450 "CHY, FiAER Bk
£ 80% 12 90%.

3) Fe-Mn/ETS-10 fiA 7, 2k S5 800 ¥ [F1E A
FIF R P, F Fe, Mn YIRA RN 12
A F P, Rt Fe* +Mn® <> Fe* +Mn* 8 4L iE J7 P45
S, B R A b B TS
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Preparation of Fe-Mn/ETS-10 catalyst and
its CO-SCR denitrification performance

FU Guo-you', HE Han-bing" >3, ZHANG Li', MA Ying*

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. National Key Laboratory of Environmental Protection Mining and Metallurgy Resources Utilization and Pollution
Control, Wuhan University of Science and Technology, Wuhan 430081, China;
3. Key Laboratory of Metallurgical Emission Reduction and Resources Recycling,
Ministry of Education, Anhui University of Technology, Ma’anshan 243002, China;
4. Yongqing Environmental Protection Co., Ltd., Changsha 410001, China)

Abstract: Fe-Mn/ETS-10 catalysts with various compositions were synthesized by high temperature solid state reaction.
These catalysts were characterized by X-ray diffractometry(XRD), Fourier transform infrared spectroscopy(IR), scanning
electron microscopy(SEM) and X-ray photoelectron spectroscopy(XPS). The effect of different amounts of
Fe-Mn/ETS-10 on the morphology, composition and the catalytic reduction performance was studied. The results show
that Fe-Mn/ETS-10 has good uniformity and dispersion, the morphology and crystal structure of ETS-10 are kept.
5%Fe-1%Mn/ETS-10 has more active sites and higher deNO, performance. The catalysts activity of CO-SCR results
show that denitrification rates of 5%Fe-1%Mn/ETS-10 are 80% and 85% at 300 C and 400 °C, respectively. So, it is
concluded that an optimal Fe-Mn/ETS-10 catalyst support ratio (5%Fe-1%Mn/ETS-10) enhances the catalytic activity in
the selective catalytic reduction reaction.
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