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W, Fan, Mk, B ¥, RIRFE, A

CHITOR 2 SRS BHRE e , SRR TR SRR, Wi I 411105)

FE . RAKIGENIE T MnO,-FeO ML, 76 B @ IRBURMEAR SR T B8 AN I M, IFIF e AR i bt
KBLHPERE; R XRD, BET | TEM, TG, XPS Fl H,-TPR Fi RXHMEILFIIAT T RAE. ZERFI, —E Rk %
] MnO,-FeO (Fe/(Fe+Mn)=0.5) L7, 7E 80 CH} NO,FERHH 90% , 120 CIAEHCRIEF] 99%. FAEKIM—
KL U AT Mn il Fe Z MIFAZE R AHEARER, Fe M52 T MRS (9 2 16 10 BRIl 22, R 2F AR NH, -
SCR R hif. H I L F 1 AR L R A AIGA  A e B i FL R S R Ak NO TR . R IBOAE R - 19 25 7K A o)
AL Fe/ (Fe+Mn)= 0.5HT 7EIRJE XA 150~ 250 °C N, NO BRI KF] 989% LA I, [al i iZ a3 5
AR BUKPURERE, 10%H,0 F10.6%S0, FIHEM 8 h, NO AL RALEAF1E 73% o4y, T — Lk PaES W
ARELEHR], HLZE 500 CHEALHFA IR, HEALTITE R T AR, X AT RERE T Fe/ (Fe+Mn) = 0.5HT (LTI, FeO,
AYEE MnO, R0, W/ T SRR e Eh MR R M TORR, 380 T AL RIPTaRyiK e fg.

KR : MnO,-FeO MEALTR]; KL, FUKPUAL; I NH,-SCR

RESES: 0643.32 MHRERERD: A

AW (NO FINO,) , FERBETFIRERA,
A HREHAR L S T RS, R T5 ei E 205
Yz —. EMNaSH—FRIERHHRE R, 0
Jeb2EINSE | BRI | S FE AR BN S NH,
PEEEPEA AL AL L NO ( Selective catalytic reduction of
NO with NH,, NH,-SCR) #i AR, HA mk Btk fs
A, TR PR SRS T P Bz . SCR ik
FUEZAE AR B, XFSEEL NO, 1 i 350 B 28 6 T
2 V,0,-WO0,( MoO, ) /TiO, /& R AEAL 3]y H i T
v b TR R ARG, SO I EE — A 350 ~ 400
CZidi, SCR iR B — B T BR A A B AT 2 1 2
A, (HEBOH A S A R KA Mmoo E (W
K. Na, Ca, As %) & SO, 554K, Zyfdififb i)k &
TR ORI T R RO R 2 R
ATAT R0k e L3R R) R (E BAE 7 A A 7 7 2 X 3k
FIIRIE (<160 °C) ZcPE R, MELUARIEH A 76 1
B, TR TEARIR B R A B4 SCR I M ALK
R T AR U — S A 5T T 1]

H A58 AR SCR A Ak 5] 935 14 40 70 LA
EE&JENFE, FEMUFEE V., Ce, Cu, Mn, Fe, Cr %%,

s HEA. 2018-02-07; f€E HHA. 2018-03-25.

HHr | Mn/TiO, . MnO,-CeO, J2 Fe-MnO, % Mn & 4
J& A AL AL ZE AR TR NH,-SCR S o 3 v 7w
HERE X 58 v B I M. AT R A R R R AR TR NH-
SCR J N H B 4 s A AL PR RE L X AR T BE S
BRI LT AR O BRI L5 Dy 3d4s? RIS
T AER H Aha U 4 JE HAT T L AR
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1 £ A *

1.1 EEFIBE &

BRI A K OB ) 1 A« PREG— S 1 1 L TR AR
(0.02 mol) A 10 mL 2% & F7KF1 30 mL &, —Jdi
FER R, BT 100 mL KIS 22 H, 180 °C [ 8
h, FERV R GRS, A5 % TR T 80
CTH 24 h. ic8 MnO_. EALERGK R i 25 7 7%
[ L, 124 FeO,.

— KRR AL . PRI SRR | RS Rk
(45 0.02 mol) T 2B F/Kh (Hirp Mn, Fe JEE/R
LA Fe/(Fe+Mn)=0.5) , MA—&E & L R,
FREUKIATT pH 8 11, #ES9EFE 20 min, 285 HHR
AVWE T 100 mL KRS £, 180 C KM 18
h. FEIR AT, FICK S BEM L8 F K0 Bk
Y. P EHE T U 80 °C T 24 h, 400 CHESR
SR FIBEBE 3 h. 30N Fe/(Fe+Mn)=0.5.

WAL K Rl AR . B I AR
WO 4388 30 min, INARSRRERE W (H P Mn, Fe
BEIR LR Fe/ (Fe+Mn) = 0.5) , #5 S8 FE 5 T4
/K Z pH o8 2.7. BHR G W EFE A 100 mL 7K #4
RIViZE, B THAE T 180 CARIMN 3 h, B vk
. IrHE A 80 C TR 400 C SRR T
1% 3 h. it N Fe/(Fe+Mn)= 0.5HT

PRAATUTE T i A5 A 7). FRE— s it 1) SR AL
GERIORL, N A B K, A 20 min, —E 5 1Y
TSPRERVES TR, TEREIPEFE S T INZK 2= pH
2.7. IREBWIRAT, 60 C/KIE 3 h, WHERL. BT
HEAE 80 °C T4 24 h. 400 C &SR FIBEE 3 h.
it A Fe/(Fe+Mn)= 0.5CP
1.2 EAFIREMS

PR R 3 P I A [ IR S g s v 1A 7.
R, FEHC 1 mL KiAE 0.450~0.180 mm FOAEILF) &
FHAR 8 mm A7 5 S N 45 1 . [ IR N 2%
R AU B P O O T L, AR AR 4R
H: [NO]=[NH,] =500 ppm, [0, ] =5% (/KB4
i) Ny, RRER R 500 mI/min, GHSV =
30 000 h™'. 03I B YE B Ry 50 ~ 250 C. A qk
NO, % & i & & AL ¥ 53 #7142 ( Quantachrome Instru-
ments, 42i-HL, USA ) SCHFZEZ AN, A Ak 751 A9 36 12
(NO Ffb ) ¥ F X T
¢( NO+N02 ) in]et_d)( NO+N02 ) outlet

G(NO+NO, ) 1

XNO,«( %)=

1.3 EHFIHRA

1.3.1 LLEREBUNE (BET) K £ E Microme-
ritics Instrument Corporation 23 F] ASAP 2020 Surface
Area and Porosity Analyzer %I N, 0% B S0 2 4 £k 551)
fLESH S5, AR LRI, AL FALAE 1.
FIH Brunauer Emmett Teller( BET) J5 #1848 L7
Bt R AL, R Barrett Joyner Halenda( BJH ) 1574
AR AL B AL S

1.3.2 S 44 55 (XRD) K H A B 2 N
Rigaku D/max 2500PC %% #I X SR AT SO 44 Ak 5]
P X B AT Xoray diffraction, XRD) ik, LIX}
FCHEAT AR AT HT. MRS DL Cu 8 R ST 2R T8
HLE 50 kV, T 150 mA, K 0.1, iR
4 °/min, FAEVEF 10°~90°.

1.3.3 B FHEIAL )5 (H,- TPR) H,- TPR JH3k%
TEAEE AL B 4838 SR PERE , 7535 ] Quantachrome 2
4B 77 ) Chembet-3000 %4> H sh 4k 242 1% [ _E 3k
7. WRAUE 10% 8 Hy, P He <, T8 A
H,- He HUZHT, HEALFILE 200 CF He "R
AbFE 1 h, H,- TPR 25 M E R4 LA 10 C/min 3
ZIHE ZE 800 C.

1.3.4 AFE 7 (TGA) R AR ) PR M A A
TEM R 1) TGA/DSC1SF/1382 %I #4443 BT A | 3 47
(), FREGE o AE 5 B TR N, DL N, A0S
(30 mL/min) , M B 16 R 53 28 500 C, FHl
R A 10 °C/min.

1.3.5 FE 4 AL BE (TEM) K F 3 5 rL 8 (TEM,
Philips 23 74771 Philips T20ST %) % il £ f 44k
FIFE S ATE S HEA T 4387, TEM TAEH R 200 kV.
1.3.6 X St FRE ik (XPS) X SOt F
BT (XPS) 2 B A /A7 10 2 DI Re L T-Re ik 2 At
G 7E (85| Axis Ultra DLD) , JHELZMHTHE S 26 16
TCRMAIA, B XA A, WE A, B Al Ka
STERUR, RS 10 mA.

2 R 5118

2.1 EAFIRYE R

RIIBFSE T AR [H] Fe/Mn A5 X6 7K #0325 1 45 19
FEA ) 6 % NO, &5 1Y 52 ), i 8 Y Fe/((Fe +
Mn)= 0.5 Jpfc kg . B 1 K3k il 4 59 Fe/
(Fe+Mn)= 0.5, Fe/(Fe+Mn) = 0.5HT, Fe/(Fe+
Mn)=0.5CP FeO, A K& MnO, fEALF 7 5 X 45
P BT, KA 45 1) FeO AL ) iz s 1 1
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—0— Fe/(Fe+Mn)=0.5
—0O— Fe/(Fe+Mn)=0.5 HT

—O— FeO,
—A— MnO

—8—Fe/(Fe+Mn)=0.5CP

Conversion/ %

Temperature/°’C
Pl 1 KA 28 (AR e AL T Pk
Fig.1 NO conversion on Fe-Mn catalysts prepared by
hydrothermal method
Reaction conditions: [ NO] =[ NH, ] =500 ppm,
[0,]1=5%(vol), GHSV=30 000 h™'

1H 20% , MnO fEALFIFE 250 C ik F =, NO i
B8 K 60%. TMi7E(150 ~250 °C) iR IX A, 3 Fhyik
il 28 1 i 52 5 AR AL R v 1 NO, B B
RIBH T 80% ~ 100%. TEAK I X 6] PY (50 ~ 150
C), Fe/(Fe+Mn)= 0.5 i b 5504 4k 35 14 B b =
A FTFP I 2501 5 AR, 120 C R, H NO M
BRRIAF] 100%.
2.2 XRD

Pl 2 SR K R A R4 R) XRD B35,
[&] 2 T LA th K e i 4 194l FeO, XL Fe, 0,1
WA, H XRD KIiETE 20  24.1°, 33.1°,
35.6°, 40.8°, 57.5°4bByfiiHtiE 5 Fe,05(1CDD PDF
#87-1164) [19(012) . (104) . (110) . (113) . (018)
mm ARV & 4l MnO AL £ 2L Mn, O5 FTE 45
fefe, H XRD K& % 78 20 & 28.7°, 30.8°,
36.3°, 38.3°, 48.5° AL AT I 5 Mn O (111) |

[

eMn;Os AFe;0, o Fe;O; €Mn.O;

Intensity/(a.u)

30 60 90
20/(°)

Pl 2 AR XRD 3%
Fig.2 XRD patterns of FeO -MnO, catalysts

prepared by hydrothermal method
(a) Fe/(Fe+Mn)= 0.5HT, (b) Fe/(Fe+Mn)=0.5

(201) . (220) . (221), (130) AhTEAHW) 7. PI2EIK
POkl 2 AL Fe/ (Fe+Mn)= 0.5HT, F2H B
T IRERH" Fe, O, Fll Mng O, (A7 1. SR F— 45 7K 4
L5 AL Fe/ (Fe+Mn)= 0.5, H XRD K%
FE IR Fe, O, AT TG, £ 20 4 18.3°,
30.1°, 35.4°, 37.1°, 57.0°, 62.6° Kb (437 5 06 43 1)
5 Fe,0,(ICDD PDF #88-0866) [ (111) . (220) .
(311), (222), (511), (440) fhmAHxFR; >, H:
XRD Fl3 A5 Mo FH R S8 A0 90 4R AE 437 559 06 11 1
P oA H B S PR AT BE R Min (9 484k 0 FE A AR ) h
SIS, AR LIRS, WA KR
SRR SRR B A R TR IR NH,-SCR R
RV, 3% 5 A AR T P SR A —
2.3 BET

XFRER RVt R A FLE SR
PEAT AT B RN 1 R . 4k | A B ek

& 1 Fe-Mn AT RER, FLAERFEHILE

Table 1 Specific surface area, pore volume and average pore size of Fe-Mn catalysts

Samples Surface area/(m” -« g™') Pore volume/ (em® - g™") Average pore size/nm
Fe/(Fe+Mn)= 0.5 48.88 0.112 18.445
Fe/(Fe+Mn)= 0.5HT 39.43 0.168 56.600
FeO, 10.31 0.014 19.000
MnO, 23.34 0.248 124.440
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IR IR 25 R T ) RO A 1 BE S K LB P BE B 5T 243

TR /I | AN (] 7 2 i 5 1) 0 A A7) 22 B 10 AR )
IR R T 25 K B ) 44 1) Fe/ (Fe+Mn) =
0.5 HT 4L b m A /N AR 39.431 m? - g7,
SFHFLAE R 56.600 nm. fif— A K L £ B Fes
(Fe+Mn) = 0.5 f# b 57 H b F 10 FLH 48.880 m” -
g ' EHIFLAE N 18.445 nm, 5 Fe/(Fe+Mn)= 0.5
HT fAERIA b, B AU K, S FLARREAR. 25
£ SCR 11 (1’ —) F1 BET 45 %007, 2% i AR
PEAR TR PR — R B AR S, A A7) 4 2 1 2 NH, -
SCR R &AM, R AR, BRE ML
FF R PR AT Z WS PR s, A R T RO <A
R B RIIE A, AT B2 o A A TR G
2.4 H,-TPR %7

HEAR T Y Sk 3 T fiE 7 [R) A X T NH,-SCR
VA A HER R, FRATE L H,-TPR S2 500 &
FAHEALT A A AR B RE T, S5 A IE 3 TR, 4l
FeO, 1k 567 °C HBLE ik JRIE I 7E>700 °C A7 —
U, ROZIALE T Fe, 0, FeO Fl FeO F Fe HLJT
AR . 2l MnO 7E 481 F1 582 °C Hi 3L T M~k Jit
g, FE4BZ% Fe J& Mn [HCLAR IS R BE FEAIL. — 20K
T ) 25 P A G D 1) 9 A S0 S D, 433l 7
T 470 F1 665 °C. 470 °C /245 H B IE J5 06 ] i 2
Fe™ Fl Mn™ (8 Mn*") 3L [E 4938 JF/ER. (Mn, 0,—
Mn,0,,Mn,0,—MnO L f& Fe,0,—Fe0). 665 C
A B S AR SR T REJHJE T FeO—Fe H Y
R SR FH W 25 K AL 2 B A AL R Fe/ ((Fe +
Mn) = 0.5HT, FI02] 17~ 38 S0 73 B T 544 Fi
702 C. & I ) I B B S R T — 2P K Rk A

1Y FeO -MnO HEAL . A5 1Y 510 I8 J5LRE 7 Hh
R DA B FRAIE I D I R AR, kR Y Ak
W JFHE T B5R. Fe/ (Fe+Mn) = 0.5 {4k A JF 04 1R
JETAR, A I RE 7 ik, KA AT NO [ NO,
AL, MTAEHETGHE SCR BIFEAT, 45w AL 750 )
RIS,

481 572

MnO,

Fe/(Fe+Mn)=0.5

H, Consumption/(a.u)

Fe/(Fe+Mn)=0.5HT
567

FeO,

100 200 300 400 500 600 700 800

Temperature/ °C
3 A[A FeO,-MnO, fiEfL i) H,-TPR &3
Fig.3 H,-TPR profiles of the FeO -MnO, catalysts

2.5 X St& LB FaEiL (XPS)

2 AR R FTTEM A RIS R, NR
Ha] LU SR 207K Bk i 4 i A0 77 2R 1 Mn/
Fe J5i B TP AL KA AL, 3P Fe/ (Fe+
Mn )= 0.5 {7 HAR 6 PR 21 20 1) 1 7 fi AL 750 26 T
ST, SRR A S PR R .

3 2 Fe-Mn /L7 H9 XPS iR
Table 2 Surface atomic distributions of Fe-Mn catalysts by XPS

Atomic concentration/ ( mol% )

Atomic ratio /%

Samples
Fe Mn 0 0,/( Oa+03) Mn*/( Mn*** Mn** +Mn*"
Fe/(Fe+Mn)= 0.5 19.15 34.10 45.12 28.51 48.3
Fe/(Fe+Mn)= 0.5HT 39.03 12.78 48.31 23.23 35.2

¥ Mn 2p,, #3150 3 1~ 1&. 640.4.0 ~ 640.7,
641.8~642.0 Fil 644.0~644.3 eV 43 5%F W F Mn™,
Mn’“, ﬂ] Mn4+

22 d W TH AR AR AR 11 A R Fe/ (Fe+Mn) = 0.5
HEALTR T Mo AEXT B iR 48.3% , BH B im T koK

R A& A . A DR R A = & B Mn™ ]
DIME i B 1 3R B e Ak, i SR A D R R 1 91
W 58, INFEPAIAEL, — LK G ] 45 19 Fe-Mn
PEAR T 119 Ak 27 W B S8 AH X 75 54 28.5%, 17 Fe/
(Fe+ Mn) HTHE A0 7 Y Ab 27 0 B SR B ARG 5 129
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a O1ls b Fe** Fe2p
Fe
Op Oq Fe/(Fe+Mn)=0.5HT
= Fe/(Fe+Mn)=0.5HT
g =
£ %
- =
2 Fe/(Fe+Mn)=0.5
= I
Fe/(Fe+Mn)=0.5
1 1 1 1 1 1 [l ! 1 1
526 528 530 532 534 536 706 708 710 712 714 716 718
Binding energy/eV Binding energy/eV
c Mp* Mn** Mn 2112/3

3

&)

i Fe/(Fe+Mn)=0.5HT

.‘a

-]

3

=

=

Fe/(Fe+Mn)=0.5
| | | |
636 638 640 642 644 646

Binding energy/eV

[l 4 K[ FeO,-MnO, HEALTI XPS [l
Fig.4 XPS spectra of the FeO, -MnO, catalysts

23.2%. KEMFERM, MAFIERIA O, &l FIHEYA MBI R4 &R ZE AR, XU
(RIS (0,+0,) WY LB R) , 8A F T NHy-SCR - MR AN 5 DS i 17 1 22 55 1) SR A
FOSTREAT  MEAL R 2 BT B O AT 1, X2 2.6 4L TEM 247

PR A Al 2 R B 46 LU ks SR LA S e R sl v, R4 S &P AL Y TEM &, 525 7K $ il
PSR g R R IE A AR Fe-Mn fiE4L A% (AL R FeO JBURL TR /E MnO, UKL 16T, 43 L

> - ; ™
al k " .
g 4

=k . ' il

%

Kl'5 FeO,-MnO, AT TEM 513
Fig.5 TEM images of the FeO, -MnO, catalysts
(a) Fe/(Fe+Mn)=0.5, (b) Fe/(Fe+Mn)= 0.5HT
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PEEAT. MnO, 4 KSR ELAZ R 70 nm. — 2K #43%
FHE KK T SRR S pH (EH 2 11, fff Fe®*  Mn™
TV CZLAR L0 VE Fr BRAA iy B A P 5k 7K AR
T i g R PREE R K. 48 | B ALY 177 i FR
K.o=(Mn").(OH )", Mn, Fe & ALYV B
AR 1.9% 1072, 4.0x 107, 3 1k 1545 ] 20 1 W
pH=11 i}, AP FAEIE 2 U0E5E 4. Mk AW
IR BGE AL TR, o T4 Fe’ JIAAE MnO, %
I, VW pH Hoh 2.7, ff Fe¥ AR TURLS
Fe(OH),, #ARIFIEAEIMFRE, K4 Fe(OH),
HEER. MRS myLE G A — &
PIARSAZ , 40 v AR o — (AR, K
pi A% S PR AR, I B B LR K
K. ZRSFHEAZ, WP EESHY R, S
BT T 5 B A AR AR T IT S B, BT M
GRS TTRR B AR I 1, JF 76 BLBERl - gk 2k
KK
2.7 SO, X3 & 4k 7 iE MR R M

L6 Ay 3 BhAS [F] 5 3ok il £ 1 e A 770 0 5t R
S0,, 5 hJiF VI BRSO, i#f <5 NO W B2k % & . i &l

100 —BST — Ll e g1
/ SEE—— =S
= A —®— Fe/(Fe+Mn)=0.5

—A—Fe/(Fe+Mn)=0.5 with SO,
—A—Fe/(Fe+Mn)=0.5HT
—O—Fe/(Fe+Mn)=0.5HT with SO,
—@—Fe/(Fe+Mn)=0.5CP
—0O—Fe/(Fe+Mn)=0.5CP with SO,

2
=
T
>l>

Conversion/ %
=
S
T
0\
®.

o)
20 /
/O
o———O
0 1 1 1 1
50 100 150 200 250 300
Temperature /°C

[l 6 SO, XAk 3G 4 19 52 i
Fig.6 Effect of SO, on NO conversion over
Mn-Fe catalysts
Reaction conditions ;[ NO]=[ NH, ] =500 ppm,
[0,1=5%(vol), GHSV =30 000 h™'

AT, MR SO, 5, 3 FEAL I NO M fk A fh i fE
AT R R, b RO IR B 120 C B, Fe/(Fe+
Mn)= 0.5CP f# 1k 71 3% M T B 50%, 1M Fe/( Fe+
Mn)= 0.5 HT #EALFE PE T BEAUH 20%. i E

IBF] 150 °C 2247 R H ORI 2K FeO, 1) Fe/
(Fe+Mn)= 0.5 HT ffi k5] C B AR S 30307 e A4 16 57
K, AN — 2K g il a5 A AL R 7E 170 <C
3R B A AL R K
2.8 SO, %1 H,0 X7 SCR iE IR0
RNEREE R 150 °C Z5F T, 10% H,0 F10. 6%
SO, [F 8 AR 3 FAS [7) 77 15 45 19 FeO,-MnO, 4
e i P BE S DL 7 iR, mIE 7 Argn, kst
DUBEZE & AL BT SO, A1 H, O Y BE B 22,
8 hJ& SCR {GPE(L R 45%. 7Ei A H,0 F1S0,30 min
J&, KGRI Fe/ (Fe+Mn) = 0.5 4L NO %%
B3R M 99% i F [ & 80%, = )5 %18 k&,
180 minJi, NO, Ffb [ E 65%. T IR /KA M2
FeO Hil#5 1) Fe/ (Fe+Mn)= 0.5 HT L7, 7E 10%
H,0 0. 6%S0, 4 F i 8 h,NO_ BB FRF1E
3% LA, T AP PR LK PERE.

100

b —m—Fe/(Fe+Mn)=0.5
90 —v—Fe/(Fe+Mn)=0.5HT
V —V—v—y —e—Fe/(Fe+Mn)=0.5CP

80 L] \
T L \ V/V\V’V—V\V‘V—V/VNV——V‘<
[ )

_E—A—g_ a—E—n
o . i—N—p - \-——l—l—l—l—l

\.
50 - e

40 -

~o—o—0
—0—0—g_ o _0—
*—e O—o—0—0—o—

Conversion/ %

S0,+H,0 in
30 |

20

Time/h
(&1 7 SO, 1 H, O XAk 55 1% P4 1Y 52 i
Fig.7 Effect of SO, and H,0 on NO conversion
over Mn-Fe catalysts
Reaction conditions: [ NO] =[ NH;] =500 ppm,
[0,]1=5%(vol), 10% H,0, 0. 6%S0,, GHSV=30 000 h'

2.9 MBS

BATHET Fe/(Fe+Mn)= 0.5 HT il Fe/( Fe+
Mn) = 0.5 #EACFTIFEDT K BUs LS IS PR R,
SEIRANIE 8 s, BB LK G 0 G R 1k 71 3 7
300 °C LA 1 300 ~500 °C [i] 4 BLBA & i 2 . &l o
300 °C LAF 4] 46 2% 5 -5 1 5 I BT /K DL R 3T 2
FAT K, 300~500 °C AL ) 2% B2 Ak 750 3% Th1 i
FRER PRI A A S 30 0 I R, A TR
J& X 8] 4 300~ 500 CH}, Fe/(Fe+Mn)= 0.5 {1k
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R E R K 1.38%, i Fe/(Fe+Mn)= 0.5 HT 1
A AN 0.28%. Fe/(Fe+Mn)= 0.5 HT
PEA R 0 28 B AR T Fe/(Fe+Mn) = 0.5 fiifk
F. 2 SR 20 K HGE i 45 (1) Fe/ (Fe+Mn) =
0.5 HT {4k 5 2 1H G FR R Wy A (1) 52 2D T Fe/ (Fe+
Mn)= 0.5 EALF]. 254 TEM B R a0, WKk
ZUOKIATIE Y FeO, ALY 43 BUTE MnO, K 1T, X
AIRBTE—E FEEE Lyl 1AL R T AR IR ER A Y
UL

101 —
adsorbed water &
hydroxyl groups surface sulfate species
100
Weight loss=1.38%
. \
s 99+ —
[ R A, S
Y
=3 Weight loss=0.28 %
98 -
Fe/(Fe+Mn)=0.5HT
Fe/(Fe+Mn)=0.5
97 | 1 1 !
100 200 300 400 500
Temperature/°C

& 8 B SLER 5 1Y FeO,-MnO fi{k 3] TGA K3

Fig.8 TGA curves of the catalysts after the SO, tolerance test

2.10 EUFIBELR

B RIHBT SO, A H,0 256 J5 14 W Fl 48 £k 71 7
ANFRE T A, S T sk, 45 R
frzR. MRS SCHER H (NH,, ) ,S0,, (NH, ), S0, P K&
Fe,(S0,), 1 #4 43 fi i BE, FF 16 1L B ¥ e
170, 380 FI1500 °C ( bb4 B 09 4 53 fif R B i th 24
20~40 °C). MEHATF H 40 AR R R EE TS A5 i
PRI Ak 00 00 A 3 PR R A — o R AR R, UL PA
(NH,),S0,, (NH,),S0, LI K Fe,(S0,) , 3 Ffifii I
R AE P A AL R R A A — o R DT B
Fe/(Fe+Mn)= 0.5 HT f# L F 7E 500 C FiGfb)5
(R LA 1 i L 8 BE AR TR 52 2 5 A1 £k 3910 1 7K F-
Fe/(Fe+Mn) = 0.5 k71 #H 5 F W 25 7K 3k ol &
[ Fe/(Fe+Mn) = 0.5 fb 5] 16 Mk % & 2 B 411K,
500 °C T AL B A AR B BR NO, iy 268 H ik 3
90%. X Al fES& Fe/ ( Fe+Mn) = 0.5 {4k 7 2 1 1L
TR 58 22 1R A 56 15 I %) (Pl Sk T 260 R A
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Fig.9 Effect of heat treatment temperature on

NO conversion rate
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Low Temperature Selective Catalytic Reduction of NO with NH,
over Fe-Mn Catalysts Prepared by Hydrothermal Method

TANG Nan, HUANG Yan ", LI Yuan-yuan, ZHAO Yong-qian, ZHOU Ting,
ZHANG Jun-feng, YANG Liu -chun

( Department of Environmental Engineering and Science, Xiangtan University, Xiangtan 411105, China)

Abstract: MnO_ -FeO, catalysts were synthesized using hydrothermal method and then developed as catalysts for the
low temperature selective catalytic reduction( SCR) of NO with NH,, in a fixed bed simulated coal-burning atmos-
phere. Although the activity of MnO,-FeO catalyst was suppressed in the presence of H,0 and SO,. The catalysts
were characterized by XRD, BET, TEM , TG and H,-TPR techniques. The NO,_ removal rate of the catalyst pre-
pared by one step hydrothermal method reached 90% at the temperature of 80 °C and 99% at 120 °C. It is found
that there is a strong interaction between the catalyst Mn and Fe synthesized by one step hydrothermal method. The
doping of Fe can reduce the initial reduction temperature of manganese and promote the NH,-SCR reaction at low
temperature. And its large specific surface area and low crystallization degree make it have high NH,-SCR activity
in the low temperature. The catalyst Fe/( Fe+ Mn)= 0.5HT was prepared by two step hydrothermal method. It’ s
NO, conversion reached more than 98% at the temperature of 150~250 °C , although the catalyst shows better water
and sulfur resistance. In the presence of 10% H,0 and 0.6% SO, the NO, conversion was more than 73%, when
the Fe/(Fe+ Mn)= 0.5 catalyst drop to 65%. This may be due to the FeO, deposition on the surface of MnO,. This
structure may reduce the deposition of ammonium sulfate and ferric sulfate on the catalyst. Addition, the effects of
different activation temperatures on the activity of the catalyst were studied. When the regeneration temperature is
500 °C, the catalytic activity of Fe /(Fe +Mn)= 0.5HT catalyst can be basically restored.

Key words: MnO_ -FeO ; sulfur resistance; hydrothermal method; NH;-SCR at low temperature



