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Effect of acid property on selective catalytic reduction of NO with
ammonia over photungstic acid modified Ce0O, catalyst
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Abstract: A series of CeO, catalysts was modified with different acids including phosphotungstic acid (P-W) ,
phosphate acid (P), partial ammonium tungstate (W) , and phosphate acid plus partial ammonium tungstate (P
+W) ; the effect of acid modification on the performance of CeO, catalyst in the selective catalytic reduction of
NO with ammonia ( NH;-SCR) was then investigated. The results indicated that the CeO, catalyst after acid
modification possesses abundant surface acid sites of weak-medium strength and the acid quantity of various
catalysts follows the order of P-W/CeO,> W/CeO,> P+W/CeO,> P /CeO,. Due to the interaction between P
and W species, the P-W/CeO, catalyst modified with phosphotungstic acid exhibits high amount of weak-
medium surface acid sites and active Ce and O species, which may promote the adsorption and activation of NH,
and then enhance its catalytic activity in the NH,-SCR of NO; over the P-W/CeO, catalyst, the conversion of
NO keeps above 90% at 225-450 C.

Key words: acid modification; phosphotungstic acid; CeO, ; selective catalytic reduction with ammonia; NO

removal

AR T ALSN 4O i A RS P s g 4
AT BRR KRB , Fh b 7= A i R R AL (NO, )
ST IR Db A5 | R EUZ MR R 2= 500 45
— ZBNIME S JF NO B T F BRI KR T5 5
Yz—"2 ) FEER LR NO, fd R, Ak B
PEAEALIE J5 NO, ( NH,-SCR ) #% — SUA K J2& 5 A B
SRR NO AR, FEAF 3 T )1z MBI 55 AN
H i, i F SCR ik ] 358 V,0,-WO, ( MoO, ) /
TiO, , H i T HBAE B9 EE 1 11 (300-400 C) B
AR EERENE DL S iR ( >400 C ) B 22 m e #6402
NREIE A 24 Fi XA R B R Y Lk, B A

Received; 2016-04-15; Revised: 2016-07-10.

il MERERR S DL S PR BT AL UF B RY SCR AR Y
W A B IR AT G i AU G T i A

Ce JEAEALFILE NH,-SCR LB H A9 K-k BE
R Z R R EMIAAT, BT, ARZKT Ce
KA AL 77 B T NH,-SCR A4 4R 18, £ 4% Mn-Ce/
TiO,"”' | Ce0,-WO,/TiO,'* | Ce0,/AL,0,'"" | Ce-
Tit™ &, W R T Ce MY TR 2R A B A
IR CeO, HAT R 1Y E AL I RE , (H XS T 51—
[ CeO, AL, Hoim vk B rh 21k REHT A 17 5 i o
TSI AR ) B4 0 A8 Ak 3 S e M K T
P MERAR A #E NH,-SCR i T H 2 (0, RITER

* Corresponding author. Tel; 13668788376, E-mail; giulinzhang_kmust@ 163. com.

The project was supported by the National Natural Science Foundation of China(U1137603).

E XK BRI 4 (U1137603 ) B2 )



1260 wooR 4k

g,
¥

L
¥

il 44 %

T R R AR KRR e A R T P IR, X
CeO, HEA7 IR o1 ] LA =y 4 46 77 B9 SCR i fir§ 14
&, Shan ZVIRGE T Ce-W HEALFI th T 1H IR &
BN T BOZ M AL AE 250 425 TiA R R
100% s fe R, 225 L8, h TR A A,
Ce-P-O AL F I R 471 6 4 B % H,0 Fl SO,
Mtk Si 4 HRE TR MBI A, Tl CeO,-
Z10,-NiO-SO;™ M fb I 7E NH,-SCR & Ji v & 3t i
RAFRTE P A B, AT WRR 5| A B B AR R T
Ce FEAELFIAE NH,-SCR S 1 H it 3 A, e 32 52 it
PRI 4 T 500 2 T 1 1 7 st 190 398 o, DTG 34 5 T
NH, H1 NO W Bt K A Ak RE J7 , M A2 2E A Ak 77 1)
JBRAHPERE . ASPRSIZH ATt X TR e CeO, AL
FHT NH,;-SCR J2 i b R R 4T T — S fF 58 R T
5T R B, TR R (WA IR ) 18 i ity S A A Ak 77 7
NH,-SCR J b7 1 P 5 i 4k 7 I 9 R M Jox %5 U1 AH
ST AEURE T P 2 T R SRR 7 e A AR TR
NH,-SCR 1 A SE ATy 75 ik — 55

AT 5 38 35 1 5 AN ) 4R X A e 4 R i
CeO, AL, 256 AT A DG 8 45 21 | iF — 2030
TR CeO, AT L R4 () 41k 7 XAk
TR TR R T R M R s IR — PR T
HXF CeO, %514 1 RE 1Y 5% ) 148 4657 - NH,-SCR
S VEPERE S

1 SEEERAY
1.1 EEFNHE

# Ce(NO, ), -6H,0 FIFFE R4 I8 4 i 1 5 L
1 2/ FL Bl T 50 mL 5B Fok i Rie 2t )a
A 80 T /KM I+, B IS A 80 CHEAE T
PRSI, 550 C 28 AN Kb 5 h, 15 248 1k 57 24K
#wH.

FHR W R 5 253 0% H,PO, W41k % \H, PO,
RS R B S i S R 1 4R T CeO, ZRAK, LT K5 be
Je AR A A6 55 B, 43 9012 SR - P/CeO, , W/ CeO, |
P+W/CeO, .P-W/CeO, .

1.2 EEFIRE

XRD Ak B 728 [F 41 & 52 4 7 Y Bruker D8
Advance MR, FE SN Cu #T 4& HL K 40 kV, 8
HL40 MA, 25 K0.02°, 10° - 70° £ 4, 9 4 3 %
6(°)/min,

H,-TPR I5E . FRIEFE A 50 mg, 7€ Ar Ji i
30 mL/min 5 F L 10 C/min FH iR 3 R THE 2
400 CIH-Pi4#F40 min, ZRf5 %R 280 €, LA10 C/min

THRH R AE 30 mL/min H,/Ar(H,=5% ) B 5440 T
FHE 2 900 C K #%F R TCD,,

NH,-TPD ; BUFE i 100 mg, LA 10 °C/min T3
RIEH N 30 mL/min He 504 F FHEZ 400 T, {4
5 40 min, FEIRZE 100 C, 7E 30 mL/min i & 1 4%
44T FE IR B 2% NH, /He 30 min, 485 LA10 C/min
THEHEZTHE 2 600 T, K% 4 TCD,

XPS i 7F ULVAC PHI5000 Versa Probe FlH,
TRERHAY BT, WORTEA Al Ko, EZS (HS
/NTF 8x107° Pa) AbEEARE & 7E IR S50 TR,
HL 454 BT C 15(284.8 V) Wi,

BET Y€ . FH 26 EI RS2\ w] (QUADRASORB
SI Automated Surface Area & Pore Size Analysizer )
LR TATIN 2 A 2 L3RRI AR . 7 300 CF %A a4l
HASTAL R 3 h 7E-196 CF, LA N, W B i gk 47
M

FT-IR M 75 JE J7 5 5700 {8 B i 21 ) ik
A HEAT, SR TR AL ER R R, 3R AR 35 4 000 -
400 cm™
1.3 ELFBEEEN

PEARTR A 3 1 A [ R A A (1. d. =
10 mm) Hr3E A7, B AR B4 B0 R - 0. 06%
NO.0.06% NH,.5% O, il 10% H,O,N, &
o BAEFIRE N 0.4 mL, SRR 400 mL/min
(AR L R AR J A2 77 9 DO8-1F 7 i &
TR . NO Al NO, e B 38 1 M < 2 B4
(COM-J2KN) # i, Ay fo AN A2 e 19 i A Ui S
M2, S 36 P DU 38 7 3k 21 S5O0 I EE 30 min
JE AT, B MR 25 R = R A )~ Y (E 36 Pk
TR ERERIE 1,

D—1<
NH,
N—1>
NO
A D<1
Z.
NZ
N—><]
flue gas analyzer
dry air

K1 S BN A
Figure 1 Schematic diagram of the experimental apparatus
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Figure 2 XRD patterns of different catalysts
H: CeO,; ¢: WO,; e@: silicate species
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Table 1 Properties of various CeO, catalysts
Ager Acidity Ce*™/(Ce* O/ (O, +
Sample
/(m?-g!) (a.uw) +Ce*) 0,+0,)

P-W/CeO, 13 664 0. 146 0.350
W/CeO, 15 312 0.142 0.281
W+P/CeO, 12 304 0.221 0.330
P/CeO, 6 239 0.304 0.242
CeO, 18 94 0.170 0.142

note; surface area Ay is determined from nitrogen adsorption
data by BET method; acidity is calculated from NH,-TPD
profiles; surface atomic ratios of Ce**/(Ce** +Ce'") and O,/
(0,+0,4+0,) are determined by XPS
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Figure 3 H,-TPR profiles of different catalysts
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Figure 5 FT-IR spectra of different catalysts
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Figure 6 Ce 3d XPS spectra of different catalysts

Intensity /(a.u.)

524 526 528 530 532 534
Binding energy  E /eV

K7 AFEMELFIG O 1s XPS %K
Figure 7 O 1s XPS spectra of different catalysts
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Figure 8 Activity of different CeO, catalysts
in NH;-SCR of NO
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Figure 9 Influence of SO, on the catalytic activity
of the P-W/CeO, catalyst in NH,-SCR of NO
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