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1.1 EEFIFHE

B AL 25 PRt — K B B R,
VT i B KD, FEIAVERRR TR (Mn/Ti i
IREEA 0.4), INE /KT pH (E A 10, 78 25 °C R
P12 by B TAHIR A PrhuE, PRI EA T 170 C
HEAR TR 12 h, B TES ISR T 550 C BB 6
h; f5EMEAEFCAE Mn,,TiO,.

HE B AR 0 1 A £ PR IBUE K A R R 4,
BT 1.5 mL K&K, HHEE T 1 g Mn,,Tio,
WAL L, FRE T 170 C BRSP4 12 h,
B P S8R T 550 °C K5 B2 6 h, 153 A4
AEFEAE Nb,Mn, , TiO,(1=0.03, 0.04, 0.05).

B e AR A 25 FRER 0.078 g AR EP, %
T 15 mL LB F/KH, BB T 1 g Mn,,TiO, X
Nb,Mn,,TiO,(3=0.03, 0.04, 0.05) -, FKf Fir £5 [ A
A 170 °C BEFE P T4 12 h, EETRA D b T
550 °C K558 6 h, 752 AL AIC A K-Mn, ,TiO, A
K-Nb,Mn,,TiO,(y=0.03, 0.04, 0.05).

1.2 {UEERAE

K HH Optima 7300DV 7 H, J8HE A 25 8 114 Ji
T REHEIEL (ICP-OES) X EALFIFE S N 48 u R
() L EA TN, FRERL— s S Ab T AR i, JT
Hs AR b, SR BUL WO & AR 42 @ Jo 1Y)
.

XA B B ARIEA T X-S R AT ST (XRD) 3L,
F AL %8R Rigaku D/Max 2400. 3% Cu Ka(d =
0.154 04 nm) J TR IR, 45 HL 2 40 kV, RN
200 mA, FHEHEE 10 (°)-min ', A EE 10°~80°.

AR T 19 E 2 T AR R FL 25 2 0 M 2 7E Micro-
meritics 3FLEX %Y (32 [&) S FL W B 43 Mr 4 b E A7
(). 76 I B ET, R A E B 28 200 °C R AL B
4 h, ZJ57E-196 C T AT BET 17
M.

R THE B (NH;-TPD) 3256 76 A5
FINETEC FINESORB 3010C(#7 V1.7 %) # 1k 2%
B AT, B SEFRE 50 mg #E4, BT He A F
300 C fiAbPE, PR . B4, A 1% NHy/N,
W5 [, P A He WR3E, LA 10 °Comin | A9 TR R T
JEF 450 °C, FEAIFH TCD #6:I #5463 ¢ 15 578
k. S AT THRE I (H,-TPR) 56 55 76 8 5 Oy
FINETEC FINESORB 3010C(#7 V1.2 %) 1k 2% W

A FEAT. FREL 50 mg #f5, JE7E Ar RS0 300 °C
FiAb I, PR ZE 250, A 5% Ho/Ar, A 10 °C-min '
A TR R THE S 850 °C, FAFH TCD il g A6:1l
B Ry

X-SH4OGH TRETE (XPS) AR ] ESCALAB
250Xi X #% (3% [E Thermo Fisher Scientific) LA 5. {4,
AL S Ay 5 2 50 A0 50 2R 18T AL o I A LA KOOt 3R
HIHEATIIHT. B0, ¥ C 1s IIGEEREE N 284.6 eV
HEFTAHE.

JE S i R Bt HL AR e 41 A6 6 (In-situ
DRIFTS) 525 7E Thermo Fisher Nicolet iS10 {# B
A LAY - HEAT, SR FH PIKE 2 A R 4o 18 2
SN, A ek 4 om !, AR KBr M5 FI A
IR MCT £ %, B UCRFEF 64 . A RS
iR AETS 5, JE 28 A 500 mg-L ' NH, Wgfff, i
FEIAFEAE L k.

1.3 L ERENR

NH;-SCR Sz WA I il 5 1 [ 52 PR A 348 (B
2 5 mm) AT By AR AL 7 B S R
Jo Gk AR 0.280~0.450 mm. i1k IR 1R 2
H1300 °C 4b 60 min. JZ W IR AR 4R 613
mg'm° NO, 347 mg'm ° NH,, 5% H,0, 10% O, (N,
). SRR B (GHSV) 20000 h ' A
50 °C FFUR IO, A8y FHE RIS 5 SN IR, 76 R4
VL A S R Ok B R S e W SR BB . S N T Y
NO & & N,O #& i Hi -+ ECO Physics CLD60 %!
REAY) BN Sick Maihak S710 KUK 43
PHAXAE LR RGN, NO S5 AL RAKYE T ik A X (“in”
Fl“out” 73 | Foms SURTE R VS A FURIH 47 )

NO, —» NO +NO, (1)
NOX in NOX out
Conv.(NO,, %) = ™ rz(NOnx § Dot < 1009%
(2)

2 R 5%

2.1 TR A MERE

K 1(a) s T ASTE Nb 7 & ok i s ik 5
) NO, $64b R iR B ARk ka3, MERIH AT IR H,
F£ 150 C LT, Nb 2t J5 194 4k 71 NO, ¥ 1k %
Y FARUOERY Mn, , TiO, AL, - H 2 Nb &
Y3 N, RO T P R OR B R . B 40, Min, . TiO,
HEALFILE 70 °C B} NO, Fe AL AR 50%, 1 fE [F) i
JET, Nbg osMny, TiO, f#4L 7] NO, F4b5HK 60%(Lk
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Fig.1 NO, conversions of fresh (a) and K-poisoned (b) catalysts with different Nb contents

Mn,,,TiO, & H T 2 10%). 45 B & T 200 C 1,
AR AR 52 7 i A B IR B v T R, X TR
WL IX ) A ) &t T R R R R Y TR %
A~ X JA] B, Nby 0;Mn, ,TiO, F1 Nby ,Mn, , TiO, i 1k
FI Y BT PEATS B T Mg TiO,, 3% Al fE 2 5] A
Y Nb JE R TR R, I T & H kR
. AEAS I B 1, 7N X R] B Nb 75 5t i 1A
A7) Nbyg 0sMn,  TiO, 1) 52 N7 375 P 52 17 8 T 4 4k 551
Nb, 0sMn,,, TiO,, iX A] GBS 3 Nb 231 Mn & 4= AH
HAEH, s T Mo @9 5ERRE T, HARIE A
R s Si g ma b

& 1(b) LI AE 3% K(ICP M5 H)
JE R PERE. IR AT UE AR TR Ak 57,
K g e AL R R P RE YA AN TRIRRBE (1) T .
H, K-Mn,, TiO, FFEIIFRREE e b ™, 76 150 °C A
Fi 5 NO, ¥E1L% (70%), T Nb St ik 75 1%
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PEREA S A 2] B B 5. 258 KA, Nby o, Mn,,TiO,
TeAR B S0 R B RE AL th B RE.
2.2 RIUESH

XRD 7 #7: K 2 2L K EEETE 9 XRD
TEEL AT LAE th, B iR L E 255 R
SLLATR TiO, BHRAE A7 e ™Y, (A5 Y S,
Nb 75 48 55z 7 19 NbyosMng , TiO, HE AL, 7 32.8°4b
BT — AN BT B AT S 0, 2 RRAE AT S 0 R 0 )R
7 Nb,05", 3 458 W 3 5 Nb A ] REFEMEALF) | &
A RAE, SEOZMEA TG TN R, X5 RN 4
AH—3 X K P B Y AEAR T, K-Mn, ,TiO, F1
K-Nby osMn, (TiO, AL 5 75 12.2°F1 17.3°4b H B #
A BT S AT S, 3ok e 0 2 R S A I RRIE AT S
2 S TS AL ) L, SRR 25 TR
BRAEACY, DA S T R A R e, T K-
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Fig.2 XRD of fresh (a) and K-poisoned (b) catalysts with different Nb contents
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Nby sMn, , TiO, Fll K-Nby, o,Mn, , TiO, 4 1k 7| I % XL
M E X LE A5, MIRLAY, FESOREIE P R HL B k.
FIRESR YW, 51 Nb J5 AT RESMH K 5 Mn &
AAHEAE A, BEAR KOS PG Mn BREAL, AT
S AR DT R PR RE, X5 B4R — 2L

BET 73#r: &1 3 2L K h Al s 49 N, 1
Ji B i 2. AP R] DU Y, BIrAT ARG N, WO
i st 2k 22 Sy s 7R IV 2R 452 30 87 B ot £, H3 7
[ 97 B, 3 TR AT A ALAS T AIE 4
ALE H, IR FLAR Dege KR T 4 nm 247,

@ —=— Nby sMn,, TiO,
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Fig.3 N, adsorption-desorption isotherms of fresh (a) and K-poisoned (b) catalysts with different Nb contents
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Fig.4 Particle size distribution curves of fresh (a) and K-poisoned (b) catalysts with different Nb contents

XA N, R M e 45 R — 3. 3% 190 Tk
FI )T YR R AT LR T, K S
AT B FE R R Sper FIFLE Vo YA AR HE
JERREAR, X B0 K 8 AT Be I8 i EE A A 5
PR T e 1T, PR AR AL AR b e T R, 3% ZE 48 AL I FL
T, IR BUAL TR G, X5 S0k [23-24] &
AR —3. H qj, K-Mn, ,TiO, AT B b 2% T AR
IR R, M 198 FREZE 124 m™g ', HHI M,
AR TE MR BRI i o5 — T, ERR) K-
Nby 0 Mn,, TiO, HY bt 2 TR AT B B2 A /s, AN 171
TREZE 133 m*g |, A b, FEHE R T IR0 D,
SN T P e

* 1 AFE Nb EE/ELFNREDE LR
Table 1 Surface physical properties of catalysts with different

Nb contents

Sample Sf ETfl V};m 4 Dror
/(m™g ) /(cm™g ) /nm

Mn,,TiO, 198 0.179 4.220

Nby sMn, 4 TiO, 161 0.159 4367
Nbg0sMn, 4 TiO, 171 0.188 4.368
Nbyg ¢sMn, 4 TiO, 180 0.179 4.222
K-Mn,,TiO, 124 0.143 4367
K-Nb, 0sMn, 4 TiO, 111 0.149 4.842
K-Nbg ,Mn,4TiO, 133 0.140 4.520
K-Nbg¢sMn,4TiO, 113 0.138 4.221
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BH NHLZ . B2 Nb/Ti BER LIS 0.04, FiAa
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FHAGI A Nb J& BEHS AL 7 A R &, 3X -5 SCHk
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FIBRVEDR 5. Ak, K 2 S R o A 55 T8 i A 1k
B AR TR T R (3 2), HPh R & Nb iy K-
Mn,, TiO, £ 71 T B e B2 55 oy W 2 (L 190 "R R
% 60 pmol-g "), T K-Nby o,Mn, 4 TiO, HEE AL F 54
st e i 160 umol g . FIRZE R FH K hiE4s
R AT A A 700 P 12 S RN R 5 B2, 3K T BB Ui Ak ) %
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FERIE 55, A R TR K hastE R r e &, X
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Fig.5 NH;-TPD spectra of fresh (a) and K-poisoned (b) catalysts with different Nb contents

x2 AE Nb SERLFINES
Table 2 Quantitative analysis of NH;-TPD from Fig.5

Sample Total acidity/(umol-g ')
Mn, TiO, 190
NbysMny, TiO, 271
Nby 0,Mn,, TiO, 310
Nby osMn,, TiO, 279
K-Mn,, TiO, 60
K-Nby ;Mn, . TiO, 124
K-Nby ;Mn,, TiO, 160
K-Nby sMn, , TiO, 143

NH;-DRIFTS Z3#r: & 6 2 DU Fh 4 1k 77 25 16 B
JE W B NH; J5 9 DRIFT &, BT 1645~1 600
PIK 1472 ecm' ' A p9WETT I )@ B BRI K9 NH,,

AT 1220~1190 F1 1145 cm™' AL 915 S 7T 4 )&
N LRI B B NHL™. P T, A AR R 7E K
W, R A AN A AR R A R AIG, o K-
Mn,, TiO, f#{L5] I- DRIFTS 155 JLF 426, B60i%
EAEFIFE K P RE e PR B R e K. Bl Nb & &1
B, KR A TR Y R K O D . NH,-
DRIFTS 45 %5 NH,-TPD 45 %AH—3, #% K rh
RS PRI TR &, X 7] BE 2 T BUR AL L9,
M5 Nb J&, BEUSA Ml 2 ik, 3 as T 4
EFIPT K ke,

H,-TPR 43 #7: &l 7 J&: DU 4 £k 50 25 AL 1T 5 A9
H,-TPR % & [ 7(a) 147 3 A4 3 457 T 310~330.
430 & F 510 C Bk 7, e 140 3 & A
MnO,—Mn,0;. Mn,0;—Mn;0,. Mn;0,—MnO K]
TR SR S MR T PR R A SR (5 3), WU
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Fig.6 NH;-DRIFTS of fresh (a) and K-poisoned (b) catalysts with different Nb contents

Nb, ysMn, ,TiO,

Nb,Mn,,,TiO,

7 =
\rs
AR 510w, TiO,
= = _I:—l—-—.\—"w:.. ————————
L L L il L L L A A i A A A A
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
Temperature/°C Temperature/°C

7 AR Nb & ot (a) A1 K HPEg (b) AT Hy-TPR G5 ]
Fig.7 H,-TPR spectra of fresh (a) and K-poisoned (b) catalysts with different Nb contents

At Mng TiO, AL = MnO WM, HAEEE LT, X UiW] Nb 2 S m i AL50) b Mn 9025 R4

2560 pmol-g '; T B % Nb & ik (34 1, Mn 9 Fh 3Gk [23-24], +4 fr1) MnO, HLfI R, H AR fIE I
2 (PRl LGB T R, T4 R LB PERERESE, X AT AR S BU AR IR IS AR T
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&3 FE Ny RERLFINESE
Table 3 Quantitative analysis of H,-TPR from Figure 7

H,-consumption/(umol-g ')

Sample 310~330 C 430 C >510 °C Total

Mn,, TiO, 859 764 60 1683

Nby My s TiO, 930 754 50 1734
Nby sMn,  TiO, 1000 720 23 1743
Nby sMn, s TiO, 1102 583 20 1705
K-Mn,  TiO, 600 638 99 1337
K-Nby0;Mn, i TiO, 680 633 66 1379
K-Nby osMn,  TiO, 712 628 35 1375
K-Nby osMn,  TiO, 738 561 50 1349

A F 3 5 AL R, K rp B S B AR ) 14
Hi MnO, 1 Eb 1 45 A [5) 8% B 1 R B, () B +2
MnO [ #E S A N R RE B2 A 34, 368 K rh &
SRR NS, 9L IR R RE, M il
FRIE IR R M, 3kt B oy 4 SR — . AR R AR,
K-Mn,,TiO, fit fL 7] I +4 #i MnO, & & f /> (600
umol-g ), 5 A i, Hirf 3 J5 M BB fe 22 . T B %
Nb &R TF, +4 # MnO, S Z W+, X 1]
Nb REGSAE RN Mn 259 B, DT T+ Ak 55
PP 48 TP R RE.

XPS 43 Mr: &l 8 J& U Fh 4 Ak ) K #5E S
) Mn 2p 1 [&. [ 8(a) ThA WA~ AT, 43505
J&A Mn 2p,, 7 5 (650~658 eV) Fll Mn 2p,, 5 5
(638~648 V). X Mn 2py, [ S 1M &, A 3 4535
F 6413, 642.1, 643.7 eV W {5 5 1§, B A4 5l

(a) Mn** Mn 2p
NbysMn, , TiO, Mn**

660 656 652 648 644 640 636 632
Binding energy/eV

JHJEN Mn™, Mn®", Mn" (45 5 BRI 3
B R gh 8, ol LA H Mn,  Tio, A7) - +4 #r
Mn P Fhdse /0, 5 B Mn #) R0 29.2%; ifi B % Nb
i B 3G N, Mn 4R b 4 f L E T TR
37.7%, X Ui W Nb 2= 4 /& 48 Ak 77 Mn 19 4 25
X5 H,-TPR 25 5 — 2. i %t T K i 2 14 AL 571
M5, H+4 6 Mn /9 LA B s/, Uil K a2
A AL TR 1 0 285, 559 10 LA TR A SR B, DA T £
G PE R, X5 H,-TPR 45— 2. MR a2
450 (R 4), K-Mn,, TiO, #4671 F+4 i Mn HLHITF
Rt A 2 EE (N 29.2% TR E 19.6%), X b H b
JEPERE R 2%, M Nb & & A4 TE, X Fh Mn 35
TR SR ET O ES, X LI Nb fESA R
Mn #2509 R, 2 1T BE A2 52 ik Ak 70 i P el 4
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Fig.8 Mn 2p XPS spectra of fresh (a) and K-poisoned (b) catalysts with different Nb contents
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Fig.9 O 1s XPS spectra of fresh (a) and K-poisoned (b) catalysts with different Nb contents
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Promotion Effect of Nb-modification of MnTiO, Catalysts in Low-
temperature NH;-SCR Reactivity and K-resistant

YU Rui"”, ZHU Fan', SHI Guang', CUI Jun-ming’, ZHANG Wei-ping’
(1. MCC Capital Engineering & Research Incorporation Ltd., Beijing 100176, China, 2. State Key Laboratory of
Fine Chemicals, School of Chemical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The flue gas from sintering process in the steel industry contains a large amount of nitrogen oxides
(NO,), which seriously damages the environment and threatens human health. The most effective DeNO, method
is selective catalytic reduction by NH; (NH;-SCR). Among the numbers of NH;-SCR catalysts, MnTiO, catalyst
exhibits excellent low-temperature activity and has good prospects for DeNO, of sintering flue gas. However, in
actual application, MnTiO; is very sensitive to alkali metal (e.g. K) poisoning. Therefore, in this paper, MnTiO,
was modified by Nb to improve the resistance of alkali metal K poisoning. This paper investigated the effect of
different Nb content on the NH;-SCR reaction performance and K-resistance of MnTiO,. The Nb-modified
MnTiO, catalysts showed significantly higher low-temperature NH;-SCR performance and alkali metal K-
resistance than the original catalyst. The results suggested that when the Nb/Ti mole ratio was less than 0.04, K-
poisoning formed obvious K-Mn oxide species on the catalyst, reducing the number and strength of acidic sites,
and decreasing the proportion of Mn"" and active oxygen species, which might be responsible for the decreased
reaction activity after K poisoning. Nb-modification increases the number and proportion of acidic sites, Mn",
and active oxygen species on the catalyst, and the decrease of these species after K poisoning is significantly
reduced, which leads to the improvement of the reaction activity and resistance to alkali metal K poisoning of the
MnTiO, catalysts after Nb-modification.

Key words: NH;-SCR; low-temperature reactivity; K-resistance; MnTiO, metal oxide; Nb-modification
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