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Abstract; To improve the resistance towards alkali metal poisoning, Ni or Zr with different
concentrations was introduced to commercial SCR catalysts by a wet impregnation. The catalysts
before and after modifications were characterized by energy dispersive spectrometry (EDS), N,
adsorption-desorption, X-ray powder diffraction ( XRD ), Fourier-transform infrared spectroscopy
(FTIR) ,temperature-programmed reduction ( TPR) and X-ray photoelectron spectroscopy ( XPS).
Results show that the modifications of the catalysts significantly improved their resistance towards K
poisoning. Ni and Zr were doped sucessfully into the commercial catalysts, and the crystalline
structure of the catalysts was maintained. FTIR results showed that the catalysts doped with Ni
formed new Lewis acid sites. Brgnsted acid sites were strengthened by loading Zr.The increased acid
sites might be the reason why the catalysts after modification showed higher resistance to K poisoning.
H,-TPR and XPS results showed enhanced Redox properties of the catalysts after doping which
balanced the negative effect of the reduced specific surface area.
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SERGAA AL A ) P E R A R b R SCR A AL, AL/ A V,04( WO, ) /TiO, , it A
AT VWL S50 o A v Az L TR S A 70 247 0 B AUl rp BT 5, A AH TR A AR A0 512 50 2 5K
DR A 28 A TR HAR CRORE R R 45 )

PEALF P | TR BOREAR 0.3—0.45 mm AEALFVBORE , $eBE E 23 5112 35 F— 2 W NiNO,/ZrO(NO,) ,
VW 3 h, T 110 °CF 8 12 h,500 °C FREHE S h, Be il AS [R 40 5 4 e 22 He A9 e PR A AR 750 . Ni/v (55
Zr/V)=0.1.0.3.0.5.1.0.2.0, 73 FC NAEF] VWTi+Ni(y) ML VWTi+Zr(y) ,y BU#H 0.1.0.3.0.5,
1.0.2.0.

PEALTR B RIS i IR NI Ze SOME AR R, F B0 b A BRI T — 8 W KNO, WP 3 h, T
110 °C F 1 12 h,500 °C FEHES h, Bl K/V=2(¥FE R EZ L) B R3], iC A Ak VW Ti+Ni
(y)+K(2) B VWTi+Zr(y) +K(2) , y BUER .
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0.3—0.45 mm (SRR, HEAL NI R 9 mm , AL 0.75 o, PPN S250 b i SR A R (R340
:NO 0.1% NH, 0.1% .0, 5%.Ar A, IRA T EF R} 600 mL-min~", %53 (GHSV) 435000 h™*,
SN E A 280—420 °C. VAT JE AR B NO  NO, AR B4R B 20 42i-HL BIk2% % )t NO-NO,-
NO, 74X (3£ [E Thermo Scientific 23] ) #EATTELESHT.NO, IR (S(NO, ) ) #eln F A5
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X B BETE (EDS) | BB %Y Inca 300( FL[E Oxford /A H] ) .SDD REEERLEEIEY , BEE 43 PER 123 eV.

N, W ik H5 BRF 4, TriStarll Surface Area and Porosity MR M 5 FLBR TN ( SEE £ WA R KR A
300 CHA AL 4 h,-196 CHATINE , R H BET Jrikit 53 bR .

X HFA 8T (XRD) , D8 Advance X STERATHML (FEE S 7w /A F]) . FESHCN . Cu #8, Ko S48 (%
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£ 0.15418 nm) , B HLE 40 kV, 5 HLTL 40 mA | 20 FIGTEFA 10°—90°, K 0.02°.

B AR 2T S) (FT-IR) |, Nicolet6700 BIZTAME BL AR 2T S TEAY ( 56 EIV A F]) SREETE N
4000—650 em™ P 4 em™  FARIRECH 64 WK, HE RN 100 mL-min” FES G R EEA Ar, fR
FEAE 350 CAMF MR 1 h, 5 2 S 05 2R 7 5 NH IR, 3% 2104605 322 8 -1 B B

FF THEAE JE (H,-TPR) , Auto Chem [T 2920 4 i ShAk2E WL FHY (S FEZZ 70 /A 7 ) B 100 mg FE 5 7E
Ar 400 °C R4 60 min, RJ5AEIE 60 °C, 38 30 mL-min"' Y 10% H,/Ar 1 h, {58 10 min, 5/J51E
30 mL-min"'fY He &1 F, Lk 10 °Comin™"' B THE BRI T R TR A .

X B FRERE (XPS) , GV Multilab2000 ( 5 [E ) .5 Hb 23 #7 B 7 il Jim AL 750 22 1 0 R 4 e 5 &
Al MR A1 Al Ko (hv=1253.6 V) 5148, C 1s FHESS G HE 284.6 eV, MRS58 XPS PEAK 4.1 4K
AT 3.
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Fig.1 The activity of different catalyst samples with Ni and Zr loading
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AN AEARFEPE I WA TR B2 ], Hob DL VWTi+ Ni(0.5) +K(2) &4, H NO #4kRa] ik 5]
90% Zc A7, BB Ni/V iy 0.5 1 Ni $84%e i & 48w R 4t K hagie .

B 1 () MEAERIZ Ze BAIG AL NO B bR R AR Tl 26, 76 300420 C BRI, B8R NO
AR SRR Ze IS SR B (<4% ) ABZBI K THEE 54845 Ze AL 0 36 1 35 3 A TR 48
BRI (E 1(d) ), HAP L VWTi+ Ze(1.0) +K(2) FA, 8 Zr 4522 RE 0 3 2 M AL R bt
K fh#gfe ).

2.2 fEAEFIRAE
2.2.1 X HILRAERE (EDS)

U IE B 2 0 7 A I B AL X Ni el AE R EDS $EAT R MM, 2 R LR 1.
SPHTATAL, 2 Ni S AR, T 555 DA S 2 AL 4 0 T, AL BE AN 21 Ni i A7 7 . B i P
253 B R R, LT o AR R0 1 B B8] (5 6 B0 B AR v L (RIS T BRI A, FR IR F IR A T A 8K
C WG €= B (RN | R e e S 0 e

&1 A EDS MK (%)
Table 1 Energy dispersive spectrometry ( EDS) results of different catalyst samples( % )

JLHR Ni/V=0.1 Ni/V=0.5 Ni/V=1.0
C 1.31 0.87 1.33
0 41.2 43.92 44.34
W 10.8 8.26 7.91
S 0.39 0.49 0.6
Ca 0.39 0.84 0.57
Ti 44.1 43.39 43.08
Ni 0 0.36 0.71
Si 1.81 1.87 1.46

222 REANK(BET)

B R AL e R AL AN R 2 B, 78 Ni B2 iy it 2 rb | BE 15 2% B 1 B in i1k 50 He 26 i
TN, VWTI (1) 39.88 m™ ¢ B E R I AY VWTi+Ni(0.5) [ 30.89 m™ g™, FEIEA K, Al BB
TR BT R 4 8 B AL 38 2E T 8B/ FLIE BT 80 3 T Ze B2 AL 5, Lo R 1w AR I N 3 AT fE
ST Ze0, R B HA BRI e R AR A 2.

&2 AR LR AT
Table 2 BET surface area of different catalysts

VWTi+ VWTi+ VWTi+ VWTi+ VWTi+ VWTi+

il VWTi
HEfE ! Ni(0.1) Ni(0.5) Ni(1.0) 7r(0.1) 7r(0.5) 7r(1.0)
Sppr/ (m%g™") 39.88 36.80 30.89 29.07 39.89 36.98 39.44

2.2.3 X BT (XRD)

HEALR A AR AR S A BE AN RE B b e T LA A PR R, PR L X A8 AR SR FE 2B AT XRD ZRAE, 25 2%
& 257 f & 2 AT a4 o 5 AR R FE 20=25.3° 37.8° 48.0° 53.9°F1 55.1° i 1 1 W W A iy
P X5 X FERATEARE R B 21-1272 S8R B Tio, ATETIE 58 W) &, U6 B SCE TS AR
s AU R A AR AL IRt 4 2 R I AR AR AR 1 AR SE R 55 40 XRD B R I V, 0481 WO,
B R AR AR I, B V, 0, F11 WO A5 4R LUJG 8 FE A5 Bl i A BT 8 0 A 78 TiO, 2R i -1
2.2.4  NH,WF2r4h 4155347 (FT-IR)

FRAE SCR B R A2, NH, 1 JC W BFHFE A A0 e ih , SR HEA T e 1h fh e S s 7 Wi R 22 M A A S 7
AN AE IR R i A T I SR R R IR, A NH, IR AT, 28 Av WS 330 87 THRBE R
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Fig.2 X-ray diffraction patterns of different catalyst samples
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Fig.4 FTIR spectra of Zr doped catalysts exposed to NH,

2.2.5 FEFFHEL)E(H,-TPR) 437
AR A AL DRI N, H,-TPR 3% ] AN [R) I BE (R e | L 5T DS A Ak 351 1) ek R fi

W JRUIERLE (T, ) B , AL ) S ALA R A s 1) 1 5 4B 24 ALY H,-TPR #h<k | JLRMRE &
7E 300—700 °C K77 7E W AR s I XTI V, 0470 VI RR TS S8 A 70 4 38 T e r o iR
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Fig.5 H, temperature-programmed reduction (H,-TPR) profiles for different catalysts

®3 H,-TPR UGN E S HHFER

Table 3 Peak position of H,-TPR profiles and the quantity of H, consumed

Ak WA/ C RS/ (mmol-g™!)

VWTi 450.6 0.47072
VWTi+Ni(0.1) 419.9 0.52550
VWTi+Ni(0.5) 397.1 0.63509
VWTi+Ni(1.0) 367.0 0.80510
VWTi+Zr(0.1) 468.9 0.57562
VWTi+Zr(0.5) 470.8 0.57054
VWTi+Zr(1.0) 449.1 0.55397

2.2.6 X LG TR (XPS)

SFyitE— ST B 2 A e A R R M T 0 25 S5 W AR FIRE A R4 T XPS RAE, 0 & B AR S Ols
HBA R AR h. B 6 el MRS AL O JCF 1s BUIE R XPS 5, FRAF W% U5 JE 175 Ol n & 4 Fp
ARV AR AL B BRLEL, fbA W B4R (07,07 ) FEHE AL IR S AL A4 T it i v 47 e S SRR T, B XPS
SYHTAL, AL 3B 2% Ni F Ze BESG INE Ak 500 2 Ak 24 R A0 B 2, LR DL N BB 2 i IR, 1k
2 B4 TR ARG IR R S5 3] 36% , T 7E2E 3 H VWTi+Ni(0.5) H, M FERE VWTI 8441 T 34.9% , i B
H,-TPR MZ5 585 XPS S5 R G548 1844 Zr AL 22 B S & A anis 2 Ni I i x5
H,-TPR 4 525028 b PR 35— S0 A A 7 ST TR AR ) B 385 R b T PR 24 1T 8 B 2 1 RRUNR B3R AT X AN
FSEZ ] | et A TG 5 I e 1 D A
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Fig.6 X-ray photoelectron spectroscopy ( XPS) spectra for different catalysts
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&4 AT XPS 204 Bl
Table 4 X-ray photoelectron spectroscopy (XPS) data for different catalysts

T4k Zifrhie/ev M 0°.0% 0°.0%/0
0, 0~ .0* —OH TN

VWTi 530.6 531.8 - 7073.872 23.72%

VWTi+Ni 530.6 531.7 - 9627.520 28.14%

VWTi+Zr 530.4 531.8 - 8173.452 27.60%

3

4t

KRB B HUERSE SCR RS MEALFIIB AR Ze T Ni JGE, 16 AR 0 JF AT Ak 15 1 0 2% 1 4 Jo

FYRTHE T A SRR BT K TR BT RE T NH, W LAk a3 W], Ni 8205, bR g
BUBTEY L BRA, T L BRAVEL B RIS 323 K ITEAL ELREIE BT ) SCR RN B4 5 X T Zr 148 4%, it
A B RO BIHER , XE Ni A Zr B2 5 AR BT b aE R o3 ai iy £ 2R N AR B 26 5 A AR R L 2R Im
TR TR (0 A f A B e T A5 B3 a8, AR PR 345 LA 55 sl T BR.
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