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MO BT B0, DR A5 A— R BB (T wiEB NI e TR Sl AR | L
4l CeO, HALFI A TERE . Hor, SnO, 1l K2 10 AR ME S B3I 563 A 48 580 1Y) Lewis g 1% 20221 [ 1t A2 %)
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B RENS . Hrep b A bR R RE, HA R4 TR R
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1 #Rl5R*%
1.1 A[E Nb B2 EH Ce,Sn,Nb,O, 1L F#& 75 3%

AWFFE VAR BR A AE A Ce PR . LADUSALB1E N Sn i . DL BR R AE A Nb Ui . LA K AE M DL e
I, RAAEDTE R H 4 T BEIR LN Ce:Sn:Nb=1:2:a(a=0.1. 0.5, 1.0, 1.5 F12.0) B4k . Hl4
HRMT . He, H—E TR I B2 LE ok, k. WRE, ZEmALENA
K, FEER TR 120 B, @ g o7 2008 B 4B, 580 00k & b R TTE
Y, JE¥HE T 100 C LR TR 120 e L K TRMTTERT A B E D3RR, LIS Comin”!
() T ek 3 B2 1 T 2R 700 °C, K5 bE 3hy B ZAAEALT], 44 CeSn,Nb,O, [RIET, i AH [A]
Tl & T Ce,Sn,O, 1E IS th ke, LUAXFLL %% Ce Sn,Nb,O, AL A 25 4 AN fL PERE . &R A7 .
i 4345 %) 40~60 HAEALF, LI F NH,-SCR {& PEPEAY
1.2 NH,-SCREMIFMN

R AR TR P TP 52 50 78 2 S 8 DR RN i T kAT, BT BRI AN . 0.05% (R340
NO. 0.05% (KRB0 %) NH,. 5% (R0 %0 0,. 5% (IR FL4r %0 H,O. N, A A5, Ml E N
150~550 °C, RSN 500 mL-min~'o >R A BCA 6 A (1) Antaris IGS (Thermo Fisher) 21405,
TR MTAL, X5y it #E R A4 4140 (NH,. NO, NO, Al N,0) e B gE A7 52 i Wil . S2 86 75 21 i 4
T A A 38 S A B R RS A SRR B 28 3 I R A5 3

NO, AL (X0 AN, &M (9 HTEAX LK (1) F1 Q) .
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A ([NO,J=[NOJ+[NO,], [NO.I;, F1[NO, 1o, 73 Ry i S H AT H S AL NO, iR 4341
1.3 #RRAE

1) N, W B -Jd B 4307 {8 1 20 40y 340 8% 255 & MicrotracBEL 3% 5 K i 19 N W% BT - oA 46t 2%
ARSI Tk ok B 5E, XRESIEAT 300 C AR T h, BREHRMmMMAT; 5, 76-196 C W]
UL BE T DU L N, R RO B A R 2 . FE R Y L R T B PP, = 0.05~0.30, DL BET 23X ki,
TFEAS IR A LR R DL BIH BN AR, THEAS SRR S A FLAR A A . LR B R FL AR .
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2) By R X BT 57 (XRD) o F HI#if 2% PANalytical X pert Pro 17 5 {1 % 4 #£ 5 & 3% . {fi F Cu
K, 52k (B K A =0.154 06 nm) , 4 HL JFHL R 20 510 40 mA F140 kv, FAHETE R R 26 = 5~90°, F14#
KN 0.02°

X SO FRETE (XPS) : 2K ] AXIS Supra (¥ [ Kratos Analytical Inc.) Wl % A% dit (9 X A 220t HL
TREIE, DL ALK, (1486.6 V) 1E X BHEHA, LA C 1s 454 RE (BE = 284.8 eV) Jy B i Xh T il 7T 2% 1)
AR TR ALK IE

3) H, £ 7 FHR A Ji (H,-TPR) . 7K 5256 7F Micromeritics AutoChem 2920 £b 240 X F k47, B
RSN T . BHE, 7E Ar UK (ORI B0 30 mLemin™) H, OKg U BLA 9 52 W 7% K 100 mg
FEfL T 400 °C FALFR 0.5 h, SR HWR AR E W BEJE, DI N a0 10% (R4 40 Hy/Ar (R
A E N 50 mLmin) 3 f)a, FEiEA RS, L 10 Cmin™ B9 TR LM THE 2 1000 ¢, If
i ARG I 2% (TCD) X 72 )7 T F2 v 9 45 5 317 SE it sf o

4) NH, &7 FHi B (NH;-TPD) o I i %< B 5 H,-TPR SZ i de B AR, HARSCI AL BT
G, T8 Ar A0 (R 30 mLemin ™) oY, 8 U B9 55 52 1 4% AT 200 mg # 4 T 400 °C kb
FLOS5h, RIFHILVRA B, DIBRIFE R 225, 35, K 0.25% (KT %7) NHy/He
(PR 58 30 mL-min™") AHE A U B4 50 0 2% 1, AF NH IR A 22 )5, B O AR e ek
Ar R 2h, DAABREE SR I NHy; f)a, fFRZCPRG, £ ArE T, LL10 Cmin' A7
TR THE E 650 °C, I IR E% (TCD) X Fhifad B 1915 5 dE 47 2 & .

5) JE A I8 iz 5 A S AR B 2T AP 6% (in situ DRIFTS) o 75 5236 78 Thermo Fisher 2% 7 (4 e 45 A
MCT/A £l #% 19 Nicolet IS50 b i#47 . #F 20% (IR 53 %%) O/N, 4 (UM & 24 300 mL-min™") 38 A
BEA AL BY JEAL B W, IE T 450 G FULRFE 0.5 by LA B AL R Fe T A 24 s TR R E 200 C
R N, K FEESRE R RET SIEE, JFER LMLkt A shdnmiazis sk s, REE
B B 100 Y8, 43 #3008 4em™ . AR NH, 8¢ NO, M BF Y in situ DRIFTS 246 . [m] 2% A f
A7 A9 S A FP 3 A 0.05% NH; 8 0.05% NO+5% O, (70 BUN R FUA» %, SR B 4 300 mL-min™")
WERE 1 h, SRS N, AT AL 10 0.5 h, JFSE SR A R i B2 A 1S A .
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Fig. 1 Effects of different Nb/Ce molar ratios on the NO, conversion and N, selectivity of Ce,;Sn,Nb O, catalysts
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FEF, 7E 250~500 °C 5 F 2 100% A9 NO, F Ak 2 . SR, Bl Nb/Ce BEIR Ltk — 2P ¥ = 1.5
2.0 B, 7E 150~250 °C N, AL B MIRIR NO, H b R B kel . Pt , 155 Nb 2% e A 2R = i
B39 NH,-SCR i P o it oh, AT B I IX ) N 3 N, e 24 KT 98%.,  [HIt .- Ce,Sn,Nb,O, Jy
P L7
2.2 NbBZE X} Ce,Sn,Nb,0, 18 1k 7438 25 #4952 M

P U R - B 2 R 11345 21 Ce, S, 0, R 1 CeSn,0, M Ce,Sn,Nb,O, EWRFIK S
i Ce,Sn,Nb,O, AL PSS S8, WE 1 r Table 1 Structural parameters of Ce,;Sn,0, and Ce,Sn,Nb O,

7o Ce,Sn,0, HEALFI Y L 22 TR 50.1 m>g ", o i
BALEBL 014 em*g ' EBAND R, Rk i WEER(RE) TN BARR g
Ce,Sn,Nb, O, 1 £k, 51 (1 11, 3 1 AR 2 FL 1A Bk CeiSn,0, Y 1 0.14
j( , ﬁ}%uﬂ‘j 569 mZ.g—l 7‘FH 027 Cm3'g_lo ﬁ%\:‘_{% Celsnszo_]OX 479 10.8 0.13
Bk Nb B2 A 3ok THE R g b R m L CoSmlNoeO, B\ 147 0.18
R FLARRL, A5 R T RN Rp RSy Ty CoSmNRO: 563 196 027
%Bﬁ'ﬁﬁ'}‘ﬁﬁm'm Ce,Sn,Nb, 0, 443 19.2 0.21
23 NbiEFEI CeSnNbO, HULF BHLE DO I 208 o
2
Al ok=A| « c-CeO,(PDF 43-1002)
K2EmxrT CGISHQOX A |ﬁ] Nb TZ‘%L;‘% E/‘J - . # t-SnO,(PDF 41-1445)
Ce,Sn,Nb,O, 1 £k 7| i) XRD 45 5 . Ce,Sn,0, 1 R 7 . o CeSnNbO
£k 5% H A 37 J5 A CeO, (c-CeO,, PDF 43-1002) . Mo CESTND, O,
10U J7 A1 SnO, (--SnO,, PDF 41-1445) % A . M R Ce,Sn,Nb O,
TEPBZ Nb I, oK UL AR & Nb 45 &bl ix et At SESEND, O,

Wi B Nb ¥y DL B 2 B 8 IR IR S A e T A AA Ce,Sn,Nb, O,
Ce,Sn,Nb,O_fi 1k 7 tf . 24 Nb/Ce FE /KL Ky Mg \ Ce,Sn,0,

0.1~1Hf , c-CeO, I £if JF 1 5 K T+ #-SnO,, 10 20 30 40 50 60 70 80 90
1M 24 Nb/Ce BE /R FL R T 1 HF W3 B Nb 8 24 201°)
B T AR S A 04 R 2 Ce,Sn,0, #1 Ce,Sn,Nb, O, LAY XRD 25 R

24 NbisZgExt Ce,Sn,Nb,0, BT TTEN Fig. 2 XRD results of Ce,Sn,0, and Ce,Sn,Nb,O, catalysts
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K3 (b) O 1s i XPS i Kl 2 > i B 0 A B, Hor B W i 45 A BE Y 1% (531.7~532.1 eV)
@ S F WA A (0,25 O, FRic N 0,) , 454 ERAR & (530.0~530.4 eV) T )& N f#s A 4
P (0,7, ARicH Oy ¥, S T EL Wb HL#KE O, #F 2 Bl 4k 751 2 1h0 S 4 Bl o ) L AR 90 3 0 78 3
IYUERLA AL T, AR 0,0 Hefl, BRI 4) .

Ce3+/Ce=Ce3*/(Ce3*+Ce4+)= x100% 3)
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Ce,Sn,0, Ce?* Ce 3d
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e = 46.7% 9.1% Ce,Sn,Nb,0,
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4ithigleV HiGfig/eV
(a) Ce,Sn,0 FlCe, Sn,Nb O f{LH1Ce 3d45H (b) Ce,Sn,0 HICe Sn,Nb O HEMLFIHO 154524

&l 3 Ce,Sn,0, #1 Ce,Sn,Nb,O, L5 H XPS 25 R
Fig. 3 The XPS results of Ce,Sn,0, and Ce,Sn,Nb,O, catalysts
S(0.)
S(0,)+S(0Op)
Xrfr: SO, S0y 13 O, F1 O, AU T AR, THEE 4 RAR ETER 3 (b) o Ce,Sn,0, AL O,/0 I

%14 19.8%, FfifF Nb BB, Ce,Sn,Nb,O, ML) O,/O LM Bl 22 FEAK

Ce R AL P i Ce® ok 1 AMEA 257 (0,) BIIE i, Rt Ce*'/Ce HL 17 i1 O,/O L 433 H B
A AR AR AR A AR, Bl A Nb B AR s i3, AR Ce™/Ce LIS i, 12 0,/0 Y
FE BT BEAG . R, fA B T8 2 T 11 Ce™ -O-Nb™ 45 44 Al BB J& Ce™ 1Y 55 — kUi, i NH,-SCR & b §2
HET AT BEAY Ce-O-Nb i A7 s 14,
2.5 Nbi83Z«E X} Ce,Sn,Nb,O, AL & 14T 7 14 A9 82 M

&l 4 S K R ZALTT S Ce, Sn,0, Fl Ce;Sn,Nb, O, #E 4k 7 # H,-TPR £k, Jfil i Fo H, 1H FEWE Y
g T AR AN (R A A ALY H, AR o AR R Y HL-TPR 26 7E 207~280 °C 1 473~791 °C Bz i 2K
H, {HAEE , 430l U5 J& 2% 1T AN AH 4 R 3R TP B Nb B4« & 193, Ce,Sn,Nb,O, fi fk. 7
T A A S A JE RS [ R T M R RS (F] 4 (), HoEH, IEFE BT (4 (b)) o X B
Nb £ 24 N LHI 55 T Ce,Sn,Nb,O, £k 71 3% i1 S MK AH & B9 3 sh . 09/ 1 AT i T S0 0 i 9 2

0,/0=0,/(0,+0y)= *x100% @)

60571
5867 8791 e snNbO. Ce,Sn,Nb,0,
726
788 Ce,Sn,Nb, .0
86 73§ Celsnszl,SOx

Ce Sn,)Nb,O,
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(a) Ce,Sn,0 FilCe,Sn,Nb O {5l H -TPR i £ (b) Ce,Sn,0 FCe Sn,Nb O k71 H, I #ERATIE &

4 Ce,Sn,0, 1 Ce,Sn,Nb,O, ## 1t 5 #J H,-TPR £
Fig. 4 The H,-TPR results of Ce,Sn,0, and Ce,Sn,Nb,O, catalysts
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Hw, S0IsMXPSEER 5. mubiaBl, Nb X% bib 7P 4 52 0 8 J& Ce,Sn,Nb,O, AL 57 1
PETHIY R
2.6 Nb BZEX} Ce,Sn,Nb,0, 11k FIE M #2201

A B 98 38 1 NH,-TPD 52 8 #8958 T Ce,Sn,0, F1 Ce,Sn,Nb O 1k 7] 1Y 2 1 BR 1, I3 b AL 4
NH, Jié B i (%) 0 T FR 5 AS [ 4 A 700 09 N, 0B, 25 2R Q& 5 7R o 55 Ce,Sn,0, fiE4L T AHEL ,
Bfi % Nb/Ce FE/K LLIOHE i, Ce,Sn,Nb, O, AL 7 1) NH, fid B it 52 3058 Th & J5 v A Ak 45 . %F NH, it
B E AT L R T AUE — AL Ab RS, PR B R T AR A NH, W R R BT e Rk, 24 Nb/Ce B
JREERF LEE, AR RS NH, BB & 09 B AR 32 R il F L 3w A /b o X EE Ce,Sn,0, Al
Ce,Sn,Nb,O, L5 () NH;-TPD 45 R 7] A1, Nb $& 44l Ce,Sn,Nb,O, £k 57 3R MIIE bl T 31 4= & 1y iR Pk
P75, B T AR R R M . BAR Y Lewis BR 1 {7 45 A1 Bronsted 2 1 137 s 19 A48 4605 76 J5 S2 1
NH, "W B in situ DRIFTS 25 51580

'S Nt I N
——Ce,Sn,Nb, O \H,
CseNo [0 37 L S T AN,

el nz 0.5 x H}‘éM‘JE
—_— CelSnszIOX T
—_— CeISnszLSOX
— CeISnsz O

1 1 1 1 1 | |
50 150 250 350 450 550 | 650 o O 7005 0,0 30 Os

O O 00+
HEC ce :S“E;e o bc“e' \%yb& \%“Fce SRS
(a) AL INH,-TPD i 2% (b) AL ) SONHL G R R L SR I ARUE —fb J5 A NHL B

5 Ce,Sn,0, 1 Ce,Sn,Nb,O, & {7 #Y NH,-TPD & R
Fig. 5 The NH,-TPD results of Ce,Sn,O, and Ce,Sn,Nb,O, catalysts

2.7 Nb BZE X} Ce,Sn,Nb,0, 181k 7 3= E IR B #9 52 M

&l 6 & Ce,Sn,0, Fl Ce,Sn,Nb,O, i fb 7] I NH, W Bt (% in situ DRIFTS %5 F Fl 2 000~1 920 cm ™' 1Y
R L o 2 Ffr 288 AU (1) NH, ) Fho B A e R R T, A0 4 WK B AR Lewis BR 037 I B9 BC 2 NH; 9 F
(1606, 1240 cm™") P71 Bronsted R 1 NH,"¥iFh (1593, 1428 em ™) P59, eAk, 1967 111960 cm™
A0 BT Nb==0 [ {H #E U5 o X i B Nb==0 [w] ¥ A A Jy fi £ 55 3% T 9 N, W B A7 e 1, B

200°C 3254 1 606 1240
3.378 1428 0-05I 1967 0‘0031
3 698 ﬂ‘celsnszZ X

WVJ\
e

N

4000 3500 1800 1600 1400 1200 2,000y 980y 960y 940y 920
PBUem™ PE/em™
(a) NH W ftin situ DRIFTSJ] (b) JlKin situ DRIFTSHE (442 000~1 920 cm™ )

6 Ce,Sn,0, 1 Ce,Sn,Nb,O, & 1¥. 57 200 “C B+ NH, W Fif in situ DRIFTS 45 %
Fig. 6 In situ DRIFTS results of NH; adsorption at 200 °C on Ce,Sn,0O, and Ce,Sn,Nb_ O, catalysts
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Nb #5243 T Nb==0 X 2% [l NH, ¥y Fp i et . R WA 3] T 47 F 3 698 1 3 647 em ™ 4b Y 72 3 71
FEUECT 7T 3 378 Fl 3254 cm ! v B AL 9 N—H 4545 301442 A7 T 1545 em ' o7 B Ak 14 15k e 4 o
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W 3z B A0 A, T Lewis B2 A7 b BC AL NH, 4 Fh iy W B 322 5 385 i o 536 I\ R, Lewis B2 & M B 19
NH, ) 45 Brensted F2 {7 Wt i NH, WA fese, Bk, Nb#B24H58 T Ce,Sn,Nb,O, ffk.75 2 Ifif iz
P A7 A5 5 B RN R T

K17 i NO, W ff7E Ce,Sn,0, Fll Ce,Sn,Nb O, #ELF 1Y in situ DRIFTS £55%, Hirh 1626 F1 1604 cm™
7 B Ah f 0 T U SR W B A AN R R M FR, 1577, 1568 F1 1 206~1 230-cm ! 4b () £T AR AT )T & Ky
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Abstract NO, emissions from  diesel vehicles can induce a series of environmental pollution problems,
including acid rain, haze and photochemical smog. Selective catalytic reduction of NO, with NH, (NH;-SCR) is
the dominant technology for NO, abatement from diesel vehicle exhaust. In this study, Nb was introduced to
Ce0,-Sn0, to obtain anovel CeSnNbO, metal oxide catalyst. The effects of Nb doping on the structure, element
valence state, active site, redox performance, surface acidity, and surface adsorption performance of the catalysts
were investigated. By combining various characterization methods including BET, XRD, XPS, H,-TPR, NH,-
TPD, and in situ DRIFTS, the promoting effect of Nb on the activity of this catalyst was clarified. The results
showed that the Ce,Sn,Nb,O, catalyst exhibited the best activity, achieving nearly 100% NO, conversion in the
temperature range of 250~500 °C. Nb doping improved the specific surface area and total pore volume of the
catalyst, and reasonably regulated the surface acidity and redox performance of the catalyst. In addition, the
highly dispersed Nb species on the surface of the catalyst may couple with the Ce species to form a new Ce-O-
Nb active site, which contributed to improve the NH,-SCR performance of the catalyst. This study can provide
reference for the development of efficient Ce-based oxide catalysts.

Keywords  diesel emission control; selective catalytic reduction of NO, with NH;; CeO,-based oxide

catalyst; niobium species
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