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ABSTRACT: The performances of Mn-W/TiO, catalyst for
selective catalytic reduction (SCR) of NO with NH; and its
resistance to different concentrations of SO, at various
temperatures were investigated. The results suggest that WO;
can increase the active sites and enhance the strength of acid. It
is an excellent promoter of MnO,/TiO,. The NO, conversion
ranges from 80.3% to 99.6% during 100 C to 350 C at
gaseous hourly space velocity (GHSV) 18 900 h™*, while N,
product selectivity yields 100%~98.7% over Mn-W/TiO,. The
NO, conversion maintains 98.5% at 120 ‘C in presence of
0.01% SO, and 6% H,O. The impact on catalytic activity will
disappear if the temperature rises over 250 ‘C with SO,
concentration above 0.01%. At 300 C the NO, conversion can
reach to 99% as high as the commercial V-W/TiO, catalyst’s
level with 0.07% SO, in the stream gas. The Mn-W/TiO,
shows excellent performance for SCR NO with NH; and it is
the one of best catalysts with strong resistance to SO, by now.
It was found that the impact of SO, is reversible and the
activity will recover spontaneously with the rise of
temperature.

KEY WORDS: selective catalytic reduction of NO with NHs;
MnO,-WO,/TiO,; performance; resistance to SO,
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18900h ™ i 100~350 “C 715 [l 1A, Mn-W/TiO, fi# 4k 71114 J5L NO,
HI#E1L 2R =15 80.3%~99.6%, N iM% 100%~98.7%. 4
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AR L PERE . Kapteijn. Tae & Singoredjo
I3 ATl MnOyg RARERH 1 S MnOy/ALOs BT T
W, 75 150~250 ‘C3R45 T — & [#iE 1L, Donovan
7 120 ‘CHI1 175 CHEL T /e i AM Tio, Ly 7
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P, Qi Al Yang 4 MnO, FISE ALk (Fe,04) 1
BAE TiO, I, 75 120~180 “C Y P -1 T 4 i 1 %
WA FERER, S MATZE MnO, RN CeO,
JE X MnOy-CeO, &4 B A, k43 7 @ik
N o S O [ RIE = A1 0L EERAA /N S = i
SRR MO, 12T NaY 43+ _L |75 MnO,/NaY
AT, 150 'C. 10%IK/KZESAEAERT NO Hfb %
i% 909%™, Qi M1 Yang 7& USY 479 4712k MnOy
Jazit Ce BY Fe, 80 ‘CH 7 5il#3 2] T 43%1 50%T1
HArR, 180 ‘CHE 14%Ce-6%Mn/USY {4k 71 73
BT 98% 1 LM,

EH AR AR ARKEFEEE MnOy/
TiOp HHAT T il NHg EPEPEfE 1L IE i NO, IS,
B3 T BeAEH &, 80 CIFEIZEAE T 96.9%H)
NO, ¥ 4k#%, 120 CHailr 100%™, {H & H— MnO,
[ N 3 £, 25% MNnO,/TiO, 180 °C 4V 93%,
H¥t SO, # Pk MRE IR ZE, Tl SO, RIATAS L
T I S NB A FTE B TiO, S8 i a i 4
WG, FTRARE N S RIST SO, ARl e,
SEH BRI WO3 X MnO/TiO, 1R U (I Bh i 4k 2%
F, Mn-WITiOp £ AN IEEAIRIK S SO, A7AE
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[F] SO, W J& NHHT RIS, A #r g A, 4K
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1.1 EEFIHE

KLY SRS A 177, K i IR A
PRER R T 22 B 7K JE NN TiO2, i+t m A\ ik
R B Mn(OH), ULE, DIRERR A TiOo, I,
REPETE VLG PN R, 80 C AR, IR
BHEC U Mn(OH)/TiO, i, HE/Ky5E4E
R, 120 CHF, FEpraRimfs FREke 5h, AHG
WFEE, JEME R 0.15~0.2cm(20~40 H )ik .
1.2 fELFIRAE

¥ H4 BEL JAOAN INC /A ¥ Belsorp 1l
bl 2 TR0 s A3 A 1 LR T AR A LA . AL
&, FESLAE 200 CHIALEE 2h, WA 77K T,

W o AL 2 R 5 B e i 2 TR i S AL A . AL

K48 E Bruker 227w [) D8 ADVANCE Y X
SHRATHHCE XRD, 43H7T MnOy. WO3 fE# {4
TiO, F M1 71 215 i o

K H1 2 [ Thermo Nicolet i BLIH- 4 21 40 1%
A S AR A AR A 22 W BRI, FE AR 2E He X 25 °C
AL FE 30 min, 3B @ (NHs)/ @ (He) =0.1%% ikt
(%< 30 min, dSEL AN .

2R P JE B (NHs-TPD) Al 3%
Quantachrome 23] f] ChemBET 3000 7R Jfit B A3
. KERREURE S 50mg, 4E7E 300 °C R sl
He 1h XJFES BT IALREE, FERE4E 100 °C, @A4L
NH3 W B 0.5 h, W # it 1 h, 28 j5 LA 10 “C/min
()38 B AT RE R THIEL A 700 "C A AT, FVS R0 I %)
B NHg, il A5, JEZGEFIE A 1h,
PAPRIE NHg 5843 Bk -
1.3 fELEMITFME

A T35 2 P 0 R P ] 2 DR S N2, A 7R
2 1mL(=0.990). KNS H 9 (NO)/ @ (He)=1%
5 ¢(NH3)/ ¢ (He) = 1%(F 52 G R ARG BRA F
AL He AMBEM K. RNE&MH: o(NO)=
0.05%(75 4 5% NOz), ¢(NH3)=0.05%, ¢(02)=
4.8%, SAKIARZS T (gaseous hourly space velocity,
GHSV)y 12600h™". H,0 Zy T2 8 1K & K™
A, SO, M I Tl B (0 (SO2) @ (He) = 1%)) Fi b
M. R KMOL106 M8/ 43 b3 (S [T )l 8 s 1o %
HEL HIET NO. NO B, il fin NHz 4o #
DAL AR AR, H A N B RV vl
$& NH3 o fll 7= NoO HHAUAHH (0 13% (GC-9790) M »
LA 54 Porapak Q AH:(H:i 60 C)AIH A M
(L 80 °C)o M TAEMRIR TR, hyikf i
AT NOG W B 5 Ak 45 3, RBG ATIHEAT NO ¥
P AT, b VR 22 /N T 5% 77 v IFAA
2 XRER5IHE
21 fEUFIRESER
2.1.1 XA (XRD) G i

1451 T Mn-WITIO, ) XRD i, [F]iS
FLft T4l WO4. 4l MnOy 241 TiO, ) XRD %A,
o, WO3 Fl MnOy #&7E 400 'C R kel T,
MnO, 7 37.5 ‘CHI57.1 CHA 1> MnO, HIFFIEIE,
T EE R4 MnO,. 1H 10%Mn-10%W/TiO,
FEERE MnO, % WO, [FIFHiEIE, 7] K, MnOy
H1TWOs3 A58 5 3 AE AR 3210 TiO, .
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Fig. 1 XRD profiles of Mn-W/TiO, catalysts
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Fig. 2 FT-IR spectra of pure MnO, exposed to NHs,
balanced with He
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Fig. 3 FT-IR spectra of WO; exposed to NHs,
balanced with He
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Lewis @20 ER9, 75 1640 cm™ Ab G 5055 1t NH*
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i NHz 76 WO3 (K204 i3 B 40 7 3450cm ™
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PEHL.
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PR IEEE I T, R R S T, KRR ON
HEWL T, RIEBI T I, BT WO,
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Fig. 4 NH;-TPD spectra of Mn-W/TiO, and MnO,/TiO,
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Fig.5 NO, conversion over Mn-W/TiO, and
V-W/TIiO, catalysts
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. 80.3%, 250~350 Cikfz A4 99.60%, 350 CIF
GlE %, % 400 C R FER 98.0%. AHIFISMFT
1.5%V,05-8.5%WO3/TiO, ¥4k, % 4 30.0%~99.4%.
AL Mn-W/TiO, LE S K V-WITIO, & B i S 3
Fl 9152
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= 80 L
;ﬁ HSV 2% 12600 h™*
;T; 60r GHSV % 18900h*
3 401 GHSV % 25200h*
Z 20 a1

r HSV 24 31500h

0 L I I L
0 100 200 300 400

orc
@(NO)=0.05%, ¢(NHs)=0.05%, O,4.8%, He T4,

6 10%Mn-10%W/TiO, REIZR T NOL L E
RER R
Fig. 6 NO, conversion at various GHSV on
10%Mn-10%W/TiO, catalyst
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Fig. 7 N, selection on Mn-W/TiO,
2.3 SO, FHt
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NS AETEF 0.01%S0, Fl 6%H,0, 120 °C
RIRAAT T, Mn-W/TiO {15 g LR HFEE = 175 14 NO
Ak % M FFUEIN ] 96.6% & 45 T mr, 8h N — EL{54F
1E4) 98.5%, 1fif MnO/TiO, 8h J&{X %) 50%, 1N
K 8 Froro

100F
g Mn-W/TiO;
5 80F
2
=
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8 0.01% SO, TF#ERT 120 C Mn-W/TiO, §8{L 2
R At 8] B 2R 4K
Fig. 8 NO, conversion on Mn-W/TiO; in the presence of
0.01%S0, at 120 C
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¥ SO, W 1 = 2 0.017%, £E AR KR N %
% SO, M52 41, AFARIG L5 U KL FIH He 76
250°CW i 1h, AHIA T NRE A, 2l
B AR i 2, W 9 s, ATLAEH, M
MU 4 5h J&, 120 CAHI 150 TNO, AL R BEE L)
50%, 180 ‘C Al 200 “C F4 4% 60%, 250 ‘C il 300 ‘C
5h 52 M 4ERFLE 93.3%F1 98.4%LL F. w] W24 A
Ak SO, WL 0.017%0, FARHIE Mn-W/TiO,
AR B A 2 08 e (R A AL Vs 2 S VR P e
2] 250 ‘CLA L, it il T A 300 'C LA L,
0.017%S0, X} NOL F AV I M | 58 4 2 o [
WP, AR N5 2R & (R AR Ak R 285 250 °C ik
I He WRIBE, VETERI AT o
100 F

%\T\M -
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Fig. 9 NO, conversion on Mn-W/TiO; in the presence of
0.017%S0, at various temperatures
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Fig. 10 NO, conversion in the presence of
high SO, at 300 'C
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PE, T B S BE S = 2 250 'C LA

h T FRIEIR, LS SO, N A
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I3 I T AE 150 ‘C AT 300 °C RE S 5h LB
HTEEME AL FRE S 1% ], S 150 'C 7 SO, 0.017%,
300 ‘C % SO, 0.07%. Hi1 P 11 7] WL, 3 ANFE S ) XRD
W e AR, A AR XRD A R I
MnSO, [FHREIEE, 1 BF P A 77 A P R AR AR AR
AL AR o 1K 5 AT 12K MO, Fll Mn,O5 LA
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Fig. 11 XRD profiles of fresh and used
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(NH4)2S04, 15T 250 ‘C I HE i AR LE AL FIZR
I, SELERmAR. LA LMK, ik, Xt
BHEE Mn-WITIO, LA 4> B 4E 150 C. &
0.017%S0, 55 300 C .7 0.07%S0, J < 44 H i ]
R LR A FLA FLERMIE, 455
WK 1 Pin. A% TR SO, 44 M
ALK R L. LR B, 4531
ASCHE /N TR AR A ] D30 I A e Ak RIS A2
FAEA TR TS () LR R e sl SRE SO,
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Tab.1 Characterization of BET, pore volume and size for
fresh and used Mn-W/TiO,

HEALF EeRTA(MAYg)  FLA(em¥g)  FLAR/Mmm
BERE 55.712 0.2724 19.560
G PR SO,

55.423 0.2705 19.306

A P HEAL AR

iR K SO,

57.608 0.2813 19.580

A AL

BRIEASE, BRI A AT T Mn-WITIO, fiE A28
1 SO, MITEPEIRAL, O, fH 4.8%. 150 CF SO,
SEAL R SOs fIEAL AL 1.6%12H, Al WA R A
JEUUTE I MNSOy, R EAS 23 385 AL TR R A R0

AT LAHEWT, AR SO, /b & SO3 5 NH3 54+
WP A, X FRAE Mn BRI W OB B SE A B
A SO, R — 5 < (U1 0.015%) - HLik &
fICT- 250 “C I AR AN ] 265, W Bt 1) SO 1R MMt B
S8 NH3 S5 A SO, 8% SOZ 2 W AL R R it
AN ZAE I8 JRFIE R NOy»

3 #Hig

WO; 14 MnOJTiO, AR H A RL I B AL 7], I
IO T &R O B AT SRS, Mn-WITIO,
HEALFILELR B MnOJTIO, K ARy M A [ I 42 v
T N IEREME, ¥ K TS, &% 740 SO,
FEVERIRE S 75 GHSV 2y 18 900 h™ I 100~350°C
BN, NOHL% A 80.3%~99.6%, Npikfet:h
100%~ 98.7%. J %<, H 5 0.01%S0, Fil 6%H,0 I,
120°C NO, AR n 4E 711 98.5%; [V H SO,
WA 0.017%I0, 250°C BL_E AT RR SO, (T4
124 SO, W J& ik 0.07%I 300°C NO, 4k ] K-
IHAERRAE 99%, IE3 TR FH AL S A0
V-WO4/TiO, 7K -0 SR RN, X NH3 EREE
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