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0A-01

SR M AY MnOx(0.4)-CeO, L FI REFE WM R

MAREL S, AEB AP, RO, P RB T
AR I S REE B, )M 510006
PP R B G Y T S E, )M 510006
CRATGRAEEN) AR R TR AR L, M 510006)
E: FFT B IR S IRV E R LT84 T MnO,(0.4)-CeO, fi#4L 7, il i XRDBET. Raman. H,-TPR.
0,-TPD 5 XPS S50t 5T b A4 771 R0 85 48 AN T 4 it 45 SRR B AT AR TR 24 5 A K1) 4% 1) MnOx(0.4)-Ce0,-CA
fEALFI B 2 ) Mn BEA CeO, ISt A aie, BRI K, A2 fr, Mo 1 Ce™ B %, LIt
PERESE L, (A0 SRR ) 35 B v O A SN RS B B P, Min* R Ce R T4 AR R B EAT R
L RIS N e B AR B T R AL RE ), AR EE T BRI A SN R AR O HE 2 SR (4L
TR AR O HNIE O, AR AN B 8148023 7 _EAF BINE AL A K Oy Otk g O Cal B354k
0™ , OTBEWMBR RIS 5 KN, W CO Rl CO,.

KEEIE:  MnOy(0.4)-CeO,, HRMHNAAL, fiEAL, RMTETEYIF, HLEE

2R, SR HLEL AR L RIS SRS 2 B O, (AR s 2
BN (soot) e RAIRIEAI NS A e A= gt 2 AU A4 1o 08 7 (DPF) A& H RIS 25 el 2 Bk i Ak
TR, HOGH il PEI AL T Y MnO,-CeO, 524 AU M1 B AT D107 AR A AL 35 o 1 1 A F S 34

Lopez!" ® VR 57 I W AL A TG ME S A AR O R AR, 255 W 35 YR b A B A A
(PGB 22 2, H IR A TR AR ) ke o DR 35 DA RO N B AR IR TRIRAE A 18

BT IEIT AR R IAE 22 51 Mn/(Mn+Ce) (/K EE) I MnOy-CeO, 5 5 8 A 1 MnOy(0.4)-CeO, FL AT
BB RS PEN L IR e, A AT R IR 44 A IR B I RIS L TR VA1 46 T MnO4(0.4)-CeO,+ MnOx Fil CeO;
fEA T, T8I 2 PR AE T BRI S A IR 45 84 5 2 R 5T, PRI AR R TS M A S5 A TS PR G R,
FHAEH MnOx-CeO, AT 1) 5 WY 1 47
1. XIEES

L1 fEF RSl &

HEWA: FERERBIEERES(51108187, 50978103)F1H Je @A BRI 25 2 (2012ZM0041).

B i MR (1988-) , B, WiEWF5TL.
IR N, E-mail: cedgye@scut.edu.cn.
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PGS A IRE (CA) @ L Ce(CH3;COO0);325H,0 Al Mn(CH;COO),24H,0 M iiIRY), 14 428 o
FIAEIR . Mn/(Mn+Ce) 2y 0.4 BEbli. B &k i 22w iwt o T4,

Fytveik (CP) @ A Ce(CH3CO0)3+5H,0 il Mn(CH3C00),+4H,0 M HTIKY), 2 /K( NH3eH,0 ) Mt
YEF, 4R 4B L M EE IR B Min/(Min+Ce) g 0.4 IR L A 45 3o i 2 2% i e o 1 40121,
1.2 L F B RAE

FELZRIMAY (SSA, BET 1)K H 3 [E Micromeritics 1 2%/ 7] ASAP 2020N 4= H 2} b & I F il fLFL
B Al &, AR S 100~300mg, {1 300°CHIEFFIALHE 4 h, DL N, HWRF BT, T-196°CREATIIE.
XRD R 4% [H Bruker D8 Advance X HFZEATHACNIE , LIS AT A ML, A 0.15418nm, Ni
W, IR 40KV, U 40mA, FIHiK 0.02°. Raman MR {# F % E HIY LabRAM Aramis 508067
63, M HeNe oG a8 %€. H,-TPR 7E3£ [E Micromeritics AutoChem 12920 4= H sh 2 THimAk 2%
WA F 58 . B4R 10%Ho/Ar, 3T 50ml-min™, AL FIFH & 150mg. 56/ Ar 7<AE 300°C Rk
1 30min J& PR 4 60°C, YU 10%Hy/Ar, FFHEZARE G M 60°CTH 42 900° CHEATIE R, Thild s %
29 10°C-min”. O,-TPD WA F (1140 2% 7] Ho-TPD. 2/ TSN 5%0y/He, A S0ml-min™, 447 &=
A 200mg. 5% FH He <7t 300°C N4 30min, £F HARFEIR 4 60°C, V4 5%0,/He {FFF it fff 60min,
PR RS E J 4k S He WHIRERD, FEM 60°C FHIE A 900°CHEAT MEF S, FHEIE Ky 10°C-min”. XPS
12 15 1H Thermo-VG Scientific ESCALAB250 JtHL 1 BB &, 45184 Mg Ka 54k (hv=1253.6eV) ,
Cls FHESTHHE N 284.6¢V.
1.3 f& 1500 B9 7& MR

SR | RLURR AR AT IR A 2 W BT HRIEIT T AR LT B A R B R g R
CO, W PEILF] 5000x 107 R E s Ty b CO, (KIHR BETK BIBOAL I RO 3 BE s IR AT=T,0 Ty FABRAH 1
WRPEHER, AT /N, BRGEHR R,
2ER5TE
2.1 & MEIEG

IRAEVEPEPFN E5 0L, ST Tis T AT HATER LHE 1 070K MOy 51\ CeO, Ja NI
FEL IR JSE AR, Ak 7 (R 5 PE 3 75 MinO4(0.4)-CeO,-CP X BRI AR AL S 4 328°C, HLBi— CeO,-P Hk
MnO,-P [k 52°C, FEIEAEIE, HARMRPEE T . MnO,(0.4)-Ce0,-CA HIEIRIR (L% 218°C,
L Ce0,-CA Fl MnOx-CA 43544 170°CH1 103°C, 5 MnO,(0.4)-CeO,-CP F1 MnOx-CA ALk, ##
TR R W] Btk Sz, ek (CP) BrgmRas SR (CA) Hil# 1) MnOx(0.4)-CeO, AL
PRI T R 415> MnO, Fil CeO,, L CA il M &AM in b, TR A5 CRil
CA VA% 1) RAEARSEAORMPEST, I EEpIH e,
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£ 1 MnO,-CeO, EBRIHFALE Tiv T, AT

Table 1 T;, T, and AT for soot oxidation on MnO,-CeQO, catalysts

Soot+Catalysts T;/C T,/ C AT/C
Blank(without catalyst) 460 573 113
CeO,-P 380 560 180
MnO,-P 380 542 162
MnOy(0.4)-CeO,-CP 328 520 192
Ce0,-CA 388 411 23
MnOy-CA 321 392 71
MnOy(0.4)-Ce0,-CA 218 275 57

2.2XRD #A SSA

K1 R XRD B8 (a) LU LERTIAR AL ok RSF g (b)) , M XRD A DLE H
Ce0,-CA/P I LI BLIFHIST J7 # A7 4541 S5 1N Mn J5, MnO,(0.4)-CeO,-CA/CP #5 - MIME] CeO, AT
J7 A AR B MnOy 524 31 CeO, H Al B 1 A 45K A [ 7 AU 1O AR B 1 (a), MinOx(0.4)-CeO,-CA H
CeO, [MHFIEATHIEH MnO,(0.4)-CeO,-CP [ 5 L AEifk, BT CA #4511 MnO4(0.4)-CeO, H 55 LY)
TELL CP & AR E AT i, 52 Mn HUR T Ce FHUMARBRIGIE 2, A0 w0 g AR 6 5K

MIEL T (bR %0 B — AL 77 EE R T BUIR S 5.7-19.0m g™, 52 AHEL, MnO,(0.4)-CeO, 5 &AL
P SR K, Horp Mn0,(0.4)-Ce0,-CA [ LR HIFE L 125.2 mPg', 3 KT MnOy(0.4)-CeO,-CP
[ 36.1 mPeg' SRTM CA 4 KI5 — MnO, Fl CeO, ILLE MBI CP HI4& IR AN, T VUi W
MnO4(0.4)-Ce0,-CA H' MnO, Fll CeO, E A FEEE Ry, MnO, fl CeO, A7 7EA HAEH B 58, IXEIE T XRD

> o MnsO.
(a) . | -rg:éo: ) " 2
. . - o 2
e T L e i MnO,-CA 16.1
Mu—'nj"':}# WoantariomsthpmraV 219 141 -
) 16 3
. E "
o 5 a s MO P a
% M= o2 A...Re = X i 4
g F R A MnO,(0.4)-CeDg-CA 8 l\\ 15
% I\ MO (0.4)-Ce0-CP wl MnQ (04)Ce0 -CA
o - 125.2
| . . = Celp-CA )
A f N oa @ 95 @ .
e R Bt N 10 (0.4)-Ce0,-CP
AN A___As . xa 2 M0, P wno-cA | 36.1 C0.F ceo,c
1] u ’
20 a0 40 50 60 70 80 20 OF 10 5.7 120 15.8

260
& 1 MnO,-CeO, ] XRD(a)F1 SSA/d*(b) &l i

Fig. 1 XRD(a)and Specific surface area/average crystallite size(b)patterns of MnO,-CeO, catalysts
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R PRI Z5 58 55t 1 (b) R BRI RURISF 38 iR )OS R A RO AR, B LE R T ARG I - B ok RST
il o

2.3Raman

] 2 S ALY Raman 35/, 2 () 463em™ BTG T CeO,l"™> ', 630, 644 Fl 665 cm™
HHHLAII 23 50U )8 T MinsO4+ MnO, A1 MnyO5!"™, 15 i — S AL A L, MnO,(0.4)-Ce0,-CA ] CeO, Al
MnO, FFAEWEHR PR AL IS, 2 9820 W04 25.3em™ . 50.0cm™, H I CeO, AT 5 W IR I HU i 75
I MnO,(0.4)-CeO,-CP M TE FE AL A i £ BL 5 A MnO,(0.4)-CeO,-CA H Mn fRUFHLIEAN CeO, ik,
HERER, PAENASMNELZ (B 2b) JXFFXKENE T XRD Fl SSA Kl 4.

K2 (b) J& MnO(0.4)-CeO,-CA/CP [¥] Raman J& i K, Mn0,(0.4)-Ce0,-CA i 570cm™ 4bf7 — 1,
)@ T CeO, i A AL, 1MTAE MnOy(0.4)-CeO,-CP H A M S LIS IX 2 KA CA LRSI E &
AT, TEZM Mn BEXN CeO, it )a, FITEMCE 2830, IMIEHE TS WM R A, 2
P T AL RS, XA T MnO,(0.4)-CeO,-CA HAT R & (£ 1) .

(a) | (b)

Ce0,-CA
MnO, (0.4)-Ce0,-CA
i

Ce0yP

: MnOy (0.4}-Ce0,-CA
/ ;\ MnO,(0.4)-CeQ5-CP

MnO,-CA

AN

300 400 500 600 700 800 900 1000
Raman Shifticm ™1 Raman Shiftiem”

& 2 MnO,-CeO, ff) Raman Ei¥, (a) £F& (b) FHE
Fig. 2 Raman patterns of MnO,-CeQ, catalysts, (a) total graph (b) topography

Intensityla.u
Intensityla.u

MO, (0.4)-C20,-CP

L L L L L
550 600 650 700 750 800
1

2.40,-TPD #A H,-TPR

K 3 2 AL O,-TPD Al Hy-TPR [ 7E O,-TPD K+, Hi— MnO,-CA/P X} 100°C Bt ()0 )
T TR0, 400-600°C At B I A2 SR I B4R (07D, KT 700°C UK il i A8, (07 14, MnO,-P
A RIL O 5 — Ce0-CA/P 1 HLIEEE] Oy .51 Mn J5 HEALF (1 4 BE B TR AR K v, ELIBE R
LV IR T ) s, TS fR A R R A A S Ik et v, b CA V7148 1) MinO(0.4)-Ce O, 1AL 55 Ky
3% 454 BET. XRD Fil Raman AL KA 41, Mn 5| CeO, FEELR MBI, [FINS Sk Bl 2,
TR T A AR RIE N, AR TR TR AL MnO(0.4)-CeO,-CA [P 41 R
W%, HABME CREAE O, WK 3 a) WIE KT MnOL(0.4)-CeO,-CP, 1fij i Hi fH AL A e 3= ZEIX
AR AR R X (WA 1), FFCHE TPO W& PRI S S T LAHED H O Ak 7R A S0P el o o 22
YEHI.
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M TPR B ] %1, MnO,-CA/P 7£ 200-500°C Hi P A B S 1R B, 4353 U1 J T~ Minp O3 18 J5Uk Ming Oy

1 MnsOy4 385 5 MnOM.CeO,-CA/P 16 450°CHI 800°C F T FRIAE JLIE 43 il 1 e I AR A th Ce* B J5 hy

Ce* 2% 7 Mn04(0.4)-Ce0,-CP/CA ALY, ML T = ALARAAKI 0, L rp IR UR AL 1K 5 NI (29 210°C

1 340°C) S Eth A Mn SUREEEE RN, mR AL (24 780°C) FEAARAIH Cet ik SRk, b4k

IR b3 S0 T IR 1 B LRSS K W] CeO, H TN M J&, LI AR s T, X5

O,-TPD WX A R — 3. B4R MnO4(0.4)-CeO,-CA 5 MnOy(0.4)-CeO,-CP i Ji il SEAHIT, AH AT 76 il IX
AEEK, XEHHET TPO ' MnOy(0.4)-CeO,-CA #EAL T BEDL T MnO4(0.4)-CeO,-CP.

MnO (0.4)-C20,CP (a) (b) MnO -CA
MnO (0 4)-Ce0 -CA ’
MnO -P
= = /
=z Ry
=
§ N 2 g
= MnO,(04)-Ce0CP | & MnO (0.4)-CeQ_-CP
Ll [ —— — | — x
Mn% Ce0,-CA
—— CeO_-P
1t‘}0 21;0 StIJU 460 5!;0 EE‘H} TIIJU EEI*U 100 zéo 360 460 stlm 560 i'tl)t} stlm
Temperature/ C Temperature/'C
B 3 MnO,-CeO, ¥] O,-TPD (a) F1 H,-TPR (b) K
Fig. 3 O,-TPD (a) and H,-TPR (b) curves of MnO,-CeQO, catalysts
2.5XPS

XiF SN T S [ MnO,(0.4)-CeO,-CA/CP AL FIHEAT XPS WA, 45 41 F3 2. MnO,(0.4)-Ce0,-CA TPO
WA Ols F1 Mn2p % LK 4, Ols EIh4s&aert 531.77-532.22eV [HHJE T4 74 0. 7E

529.96-530.33¢V [ 4 Ji TW BFH4E, O, 75 528.84-529.06eV i) & il ks 4 OF . Mn2p i Kl i 1E I 642.6eV &

T Mn*", 641.2eV 2 Mn® F1 Mn® 2,

After TPO

(a) o1s After TPO (b) wmn2p

n3++l\.‘1n2+

Intensityfa.u
Intensityfa.u

T T T T T T T T T T
536 534 332 330 528 648 646 644 642 640 638 636
Binding energy/eV Binding energy/eV

B 4 K MNETJE MnO,(0.4)-CeO,-CA [¥] XPS %/, (a)Ols,(b)Mn2p
Fig. 4 XPS spectra of MnQ,(0.4)-CeO,-CAbefore and after TPO,(a)O1s,(b)Mn2p
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% 2 A4, 7E MnO,(0.4)-CeO,-CP 1, 70.6%[1I5MF A Ol O, [fi{E MnO,(0.4)-CeO,-CA
92% M EMFI N O O, X5 0,-TPD MRS —BLHIF 715414 (1) MnOL(0.4)-CeO, ' Ce #F L)
Ce*™ 276, Mn 3 ZELL Mn*" 75 MnO4(0.4)-CeO,-CA/CP [ Ji5, Oy v Ll i, O Rl O3 &
b, U R IR B SRR RS AR S I N T FERE . MO, (0.4)-Ce0,-CP [V 7, R Ce. Mn & &b,
Mn*/(Mn® M) BB, Ce/Ce’ Huii i, X W R Mt FE T MnOL(0.4)-Ce0,-CP ' Cey Mn i
OARA,  HZ M Mo* R A Mn™ (0=3 5% 2)8:4k, 2 Ce® @A Ce* 4k, MnO,(0.4)-CeO,-CA X
[iJ5, I Ce Zri/b. Mn #1301, Mn*/(Mn* +Mn* I Ce*/Ce® Ll iz, 33X 3 W] e B id Ft v
MnO,(0.4)-CeO,-CA H Ce AR, i Mn HIZER T F4, HER Mo 1 Ce™ RN E Mn™ (n=3 5§
)M Ce¥ AL,

CEAy XPS MIARLE R, FEHUME A S R, nTLAYIEHEH: 1D MnOy(0.4)-CeO,-CP 1, Mn*'fEME
— IR AR L R, AN R AR OF R Ce¥ 43 il ORI Ce* ™ #54k; MnOy(0.4)-CeO,-CA F1, Mn* il Ce**
IR TS R REA R, RIS 4 OF 1 Ok, 2) O R Min™ 7 5 % Hh e 14 FE vl B4 IR AR Ak,
RN EEE YR, RS ULE MnO4(0.4)-CeO,-CA HHHE 4 52 454 Raman #1 O,-TPD. H,-TPR
MARLEH, MnO,(0.4)-CeO,-CA HFIEK T H LA AN, it TR EWR O T AL 5 Mn* (4L,
RT3t 2 e ).

& 2 XPS R R TR EHRET

Table 2 Atomic ratios by XPS surface compositional analysis

O/at. % 0

Ce Mn

4+ 3+ 4+ 2+ 3+

MnO,(0.4)-CeO, . ] N Ce /Ce Mn /(Mn +Mn )
O2 10 0 /at. % /at. % /at. %

CP-Fresh 29.40 20.00 50.60 66.37 23.84 9.79 3.19 1.38
CP-After TPO 68.40 14.90 16.70 81.53 13.28 5.19 3.90 1.01
CA-Fresh 8.00 41.50 50.50 66.71 25.38 7.91 4.46 1.75
CA-After TPO 49.56 28.85 21.59 67.06 24.65 8.29 3.61 0.68

g EPTd, IR EAIE AR IANLE], AR EANWTIR B 2 AR R i A AR R ZE R O
OBy O, b HAR ik 4 0702, XS Jy i M IR R I A Mn* TG e R 2 5 [ NiHES% T
%A

K5 BB AL AT RE AR AR IE, HARRERE O O I8 MR A2 C(O), Rl ™24
AL, AR OP AL IR U RNTE O, AR B A S A LA WTRN S B B RS PE R, R
FFEEHEAT.
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Oxygen vacancy

@ soot s phase
f C(0)(ads) 0, (g)

¥ CO,(ads) b | €0 (g)

3 catalyst 0, (ads)

Mn* —(Mn*+Mn?* Oy Ce*" —=Ce™
.u“i o w
- @ O
Bulk phase

&l 5Mn0,(0.4)-Ce0,-CA/CP 4L EALTRIE L 2
Fig. SThe pathway forMnQ,(0.4)-CeO,-CA/CP catalyzes soot oxidation

3. &ig

1. CP 1 CA %414 ¥ MnO(0.4)-CeO, #TE B 1 HAT LT W A7 S5 H VA8, EAGIS PR HE o —
CeO, fll MnO, 5, HH Mn0,(0.4)-CeO,-CA AL TEPE S .

2. 5 MnO,(0.4)-CeO,-CP #Lt, MnO,(0.4)-CeO,-CA H 4% Mn HUIC Ce HEAN CeO, fhi#s, T
TNGRRE . KR TR R R4, AR AR e R3O R Mn* %,
sl T PR RE IR BRI B A A

2 % X M
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The Study of Lean NO, Traps behavior of two different CeQO, oxides

mixed with Pt/Al,O; at low temperature (100 - 300 °C)
Liangfang Lv( & K 77), Meiqing Shen**(7 L3 [X),
Qingqing Zhang(/K 5 7), Jun Wang( T+ %)
Key Laboratory for Green Chemical Technology of State Education Ministry, School of Chemical Engincering

& Technology, Tianjin University, Tianjin 300072, China

Abstract:The present work investigates the catalytic performances of two types of CeO, (S, I)
NOqstoragecatalysts at low temperatures (<300 °C), where 2 wt. % Pt/Al,0O; was mechanically blended in. The
interests were concentrated on the difference between these two CeO, for the physical-chemical properties and
lean NOy trapping capacity. XRD, BET and SEM were used to characterize the physical properties. XPS and
H,-TPR were used to characterize the surface Ce’" concentration and the surface-active oxygen. DRIFTS were
used to characterize the NOy adsorbed species. CeO,-S catalyst presents outstanding NOy trapping capacity and
higher thermal stability than CeO,-1 catalysts, and CeO,-S catalysts present richer physical properties and
higher content of active [O] species. The interaction between Pt/Al,0; and CeO,-S results in easier surface
oxygen utilization of CeO, and more NO, formation, which benefits for the NOy trapping process at low
temperature. Direct loading Pt on aged CeO, supports can enhance the NO, formation and improve NOy
adsorbed species formation and NOy trapping capacity, which is comparable with fresh CeO, catalysts.

Keywords:Lean NOj traps;CeO,; Thermal stability; Interaction; Surface active oxygen
1 Introduction

Some recent studies have showed that the support oxides is not only for dispersing noble metal and NOy
storage components, but is of great role for participating in NOy trapping[1]. It is known that support oxides
such as CeO, presents moderate basicity. Besides, CeO, support shows the oxygen storage capacity [2], which
presents surface active oxygen below 500 °C. It is reported that addition of CeO, to LNT catalysts can improve
the NOy storage capacity at low temperature [3-6] and the sulfur- resistance [7-8]. However, sintering of CeO,
at high temperatures is also noted [9]. In the diesel engine, the NOy emission is serious and it presents low

exhaust temperature [10]. Thus, the application of CeO, in LNT catalyst is very necessary to reduce the NOy
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emission. Therefore, the properties of CeO, support at low temperature during the NOy trapping reactions
should be investigated carefully. Furthermore, the thermal stability of CeO, supports oxides and the change of
NOy trapping capacity needs to be investigated.

In the present work, two types of CeO, (S and I) mixed with Pt/Al,03 as NO oxidation catalysts have been
investigated, focusing on the difference among two CeO, samples for NOy trapping and the nitrates/nitrites

trapped on CeO,.

2 Experimental

2.1 Sample preparation

2 wt.% Pt was loaded on Al,O;by incipient wetness impregnation, using Pt(NOs), solutions to get the
Pt/Al,03 (PA). Impregnated materialswere dried in air overnight at 100 °C and subsequently calcinatedin air at
500 °C for 5 h to get the fresh samples. Two fresh CeO, (S and I)materialswere commercial oxides, which were
donated as FCS and FCI. CeO,materials were aged in 10 % steam/air at 800 °C for 5 h, which are named as
ACS and ACI. The CeO, support oxides were mechanically mixed with Pt/AL,Os to get the lean NOy trapping

catalysts.

2.2 Reaction test & characterizations

For lean NOy trapping activity tests, 0.5 g catalyst (PA: CeO,=4:6) was mixed with quartz sand. The space
velocity was 30,000 h™'. FT-IR was used to detect the outlet concentrations of NO, NO,, NH3, N,0, CO, CO,,
and H,O (g). Prior to testing each temperature, samples were reduced at 450 °C in 7.5% CO/ 10% CO,/ 5%
H,0O/ N; balance for 5 min.Then, cooling down to the testing temperature, the NO, trapping was investigated in
500 ppm NO/ 7.5% O,/ 10% CO,/ 5% H,0/ N, balance between 150 -300 °C.

The powder X-ray diffraction (XRD) patternswere tested at room temperature with a Bruker D8 Focus,
operating at 40 kV and 40 mA equipped with nickel-filtered Cu Karadiation (k = 1.54056 A), ranging from 10°
to 90° with a 0.02 stepsize. Cell sizes of crystallized CeO, were calculated by JADE 5.0.

The specific surface areas and porous structures of the sampleswere measured by N, adsorption at 77 K
with a Tristar 3000Micromeritics apparatus. The morphology of the fresh and aged CeO, was characterized by

scanning electron microscopy (SEM), which was coated with Au-Pd and measured on a HITACHI S4800 field
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emission microscope.

For H,-TPR, 0.2 g CeO,materials were treated at 500 °C for 0.5 h with 2% O, in He, coolingdown to room
temperature (RT) under the same gas condition. Then the 5% H,/N, was introduced. The catalysts were heated
from RT to 900 °C at 10 °C/min. TCD detector was used. For the mixture of PA and CeO,, the ratio of PA and
CeO, was the same as the reaction test, and the pretreatment was at 450 °C in N, for 5 min.

The X-ray photoelectron spectroscopy (XPS) experiment wascarried out on a PHI-1600 ESCA system by
employing an Mg Kasource operating at 250 W. The binding energy was calibratedinternally by the carbon
deposit C 1 s binding energy (BE) at284.8 eV.

In situ DRIFTS were performedon NICOLET 6700 FT-IR equipped with MCT detector conductingat a
resolution of 1 cm™ and 10 scans for each spectrum. Powdersamples were treated at 500 °C in 10% O4/N,
balance for30 min. Samples were cooled down to 300 °C in N, purge. Thenthe background was collected at 300

°C. For steadystate NO/O, adsorption, it was performed until spectra saturation.

3 Results and discussion

3.1 Lean NOj trapping performance

Lean NOy trapping capacity of two (CeO, +PA) catalysts at 150-300 °C is displayed in Table.1. The NOy
trapping capacity is increasing as temperature rising. Compared with fresh catalysts, aged CeO, presents lower
NOy trapping capacity. As to these two CeQO, supports, CeO,-S catalyst presents higher storage capacity than
that for CeO,-I, no matter for fresh or aged samples. In addition, the decrease degree of trapping capacity after
ageing for CeO,-S is less than that for CeO,-1.

Table 1 Static NO, trapping capacity of fresh and aged CeO, (S, 1) +PA with temperatureat 40 min tests.

Samples T (°C) NO, trapping capacity (umol/g.,)
Ce0,-S+PA CeO,-I+PA

Fresh 150 62.7 31.8
200 164.7 158.7
250 513.7 353.1
300 516.6 454.0

Aged 150 533 539
200 178.5 85.5
250 315.5 164.1
300 414.4 281.6
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Fig.1. NO, concentration of fresh and aged CeO,-x (x=S, I) samples with 300 °C at 1200 s tests.

The NOy profiles during the adsorption process at 300 °C are shown in Fig.1. In the initial NOy trapping
stage, both NO, and NO rise to around 50 ppm and 200 ppm for fresh samples, 50 ppm and 250 ppm for aged
catalysts. Then, the concentrations increase gradually and then reach almost unchanged after longer NOy
contact. Detailedly, PA+CeO,-S presents slower NO, growth rate as function of adsorption time. Besides,
PA+CeO,-S catalyst presents higher NO, concentrations and lower NO concentrations after longer adsorption
than PA+CeO,-1. For aged catalysts, they show lower NO, concentrations and higher NO concentrations, which
indicate that aged catalysts show inferior NOy trapping capacity. It is known that the NO, amount, when outlet
NOy concentration reaches saturation, can stand for the NO oxidation activity. As to the same NO oxidation
catalysts for the mixture, the NO, amount for these catalysts are supposed to at the same level. However, the
work reveals that PA mechanically mixed these oxides present different NO, amount at the end of adsorption.
So the different NO, amount can be ascribed to the different interaction between Pt/Al,O5 and different CeO,.
For the purpose of investigating the different NO, storage capacity of thesecatalysts, textural and chemical

analysis will be explored below.
3.2 The structural properties of the catalysts

The structural properties of different CeO, oxides are listed in Table 2. Fresh CeO,-S presents almost
twice surface area as large as fresh CeO,-1. Also fresh CeO,-S shows richer pore structure than fresh CeO,-1.
After the ageing treatment, the surface area of CeO,-I drops significantly to only 1.7 m*/g, while CeO,-S still
possesses high value. The decrease degree of surface area for CeO,-S is 60.2%, which is lower than 97.7% for

CeO,-1. It indicates the relative higher thermal stability for CeO,-S. Furthermore, the XRD patterns are
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displayed in Fig.2. All CeO, oxides show the same peak positions and cubic CeOystructure. The cell sizes for
CeO; are listed in Table 2. Fresh CeO, oxides present similar peak intensity, which is also verified by the
comparable cell sizes of CeO,. While for aged CeO, oxides, CeO,-1 sample presents higher peak intensity than
Ce0,-S sample. The cell size of aged CeO,-1 is 497 A, which is far larger than 178 A of aged CeO,-S. This
indicates thermal treatment lead to the severe sintering of CeO, particle of CeO,-I. As to themorphology of
these two CeQO, supports, Fig.3 shows the SEM images for different CeO, oxides. Fresh CeO,-S present
globular shape of particles and aged treatment has no obvious change for the particles. As to the fresh CeO,-1
samples, they show flocculent and tabular shape of particles. Aged CeO,-I sample show obvious particle

growth. Based on above results, CeO,-S shows much more rich physical structure and higher thermal stability

than CeO,-1.
Table 2 Structural properties of different CeO, supports
Samples Sper(m?/g) Vp(m'/g) Cell size (A)
FCI 73.5 0.019 82(2)
ACI 1.7 0.016 497(6)
FCS 132.6 0.30 73(10)
ACS 52.8 0.28 178(3)
>
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Fig.2 The XRD patterns for the different CeO, supports
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Fig.3 The SEM images for different CeO, oxides.

3.3 Chemical properties of the catalysts
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Fig.4 Ce3d spectra for different CeO, oxides

In order to investigatethe surface Ce®" on the surface of CeO, oxides, XPS characterization is used. The
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Ce 3d spectra for different CeO, oxides are shown in Fig.4. Peaks at vy, v’, up, u’ stand for Ce3+, and peaks at v,
v”’, v, u,u”, u’” represent ce* [11]. The Ce** content for different CeO, oxides is 35.3%, 29.1%, 29.3% and
23.4% for FCS, ACS, FCI and ACI, respectively. It can be noted that fresh CeO,-S presents most amount of
Ce’". Ageing treatment leads to the decrease of Ce’" contents. In order to investigate the active oxygen of

different CeO, oxides, H,-TPR is used and the corresponding profiles are shown in Fig.5.
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Fig.5. H,-TPR profiles for different oxides. Left: CeO, oxides; Right: Pt/Al,0;+CeO, oxides

Due to the utilization of Pt/Al,O3; mechanically mixed CeO,, the H,-TPR characters of these mixtures are
also studied. As shown in the left profiles for CeO, oxides, fresh CeO, oxides present generally two peaks
around 500 °C and 800 °C, which are ascribed to the surface oxygen and bulk oxygen reduction, respectively
[12]. By integrating the peak areas, the surface oxygen amount below 500 °C for fresh CeO,-S and CeO,-I is
similar. Differently, the surface oxygen of fresh CeO,-S is reduced at relative lower temperature. For aged
CeO, oxides, CeO,-S show obvious peak intensity decrease for surface oxygen below 500 °C. For CeO»-l,
besides the peak intensity decrease, the surface oxygen reduction is shifted to higher temperature at 567 °C.

The TPR profiles for themechanically mixed Pt/Al,0; and CeO; is significantly changed. The surface
oxygen reduction for all the mixtures is shifted to low temperature. Moreover,the surface oxygen reduction of
PA+FCS presents most obvious shift, which is located at 261 °C. And PA+FCI catalyst shows at 411 °C. Based
on these results, it is obtained that the interaction between Pt/Al,0; and CeO; results in the improved surface
oxygen reduction of CeO,. Due to the crucial importance of surface oxygen species involving in the NOy
trapping process, the surface oxygen species should be taken into consideration [13]. The surfaceactive oxygen
species may participate in the NOy trapping process. As the NOy trapping capacity is investigated at below 300
°C. Therefore, the enhanced reduction of surface oxygen of CeO; is very crucial to form nitrates/nitrites and the

NOy trapping at low temperature. This may result in more NO, formation. The improved oxygen reduction of
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CeO,-S by interaction with Pt/Al,O; contributes to the high NO, trapping capacity.
As to the aged CeO, oxides, the interaction with Pt/Al,O; is weak and the surface oxygen species are less

enhanced compared with fresh CeO, oxides. The NOy trapping capacity for aged CeO, oxides is lowered due to

the decrease of structure.

Table 3 Static NO, trapping capacity Pt loaded aged CeO,-x (S, I) samples +PA with temperature at 40 min tests.

T (C) NOy trapping capacity(umol/g t)
cal
PACS+PA PACI+PA
150 143.1 96.7
200 368.7 200.7
250 470.4 327.3
300 446.9 376.0
500 500
i N —=—NO (PA+ACS) —e—NO, (PA+ACS) 1. . —=—NO (PA+ACI) —#— NO, (PA+ACI)
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Fig.6. NO, concentration of Pt loaded aged CeO,-x (x=S, I) samples with 300 °C at 1200 s tests.
Table 4 The structure properties for Pt loaded aged CeO, oxides
Samples Sper(m*/g) Vp(m*/g) Cell size (A)
PACS 58.9 0.30 176(3)
PACI 2.94 0.019 489(7)

So in order to improve the trapping capacity of aged CeO, oxides, little amount of Pt is loaded on the aged
CeO; oxides, which are named as PACS and PACI. The NOy trapping capacity for Pt loaded aged CeO, oxides
is listed in Table 3, and the NOj profiles for trapping process at 300 °C are shown in Fig.6. It can be noted that
the NOy trapping capacity for Pt loaded aged CeQO; is significantly enhanced, which is comparable with fresh
CeO; catalysts. NO, amount plays critical role in low temperature NOy adsorption. Therefore, the increase of
NO; amount can significantly improve the NO, trapping capacity at low temperature. As to the almost
unchanged physical structure shown in Table.4, the enhanced NOy trapping capacity is ascribed to the direct

interaction Pt and aged CeQO,. This interaction may improve the NO, formation to some extent, thus enhancethe
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NOy adsorption process, which is shown in Fig.6.
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Fig.7 TPR profiles for the Pt loaded aged CeO, oxides

As shown in Fig.7, Pt loaded aged CeO,-S present one major peak at 82 °C, which is ascribed to the
reduction of PtO, accompanied with CeO, surface oxygen in close contact with Pt species [14]. The surface
oxygen species, which are far away from Pt, are reduced at relative high temperature 340 °C. As to the
reduction of Pt loaded aged CeO,-1, the reduction behavior at low temperature exhibits three peaks. Moreover,
the major peak is located at 490 °C. Combined with the NO, trapping capacity, the value at 150 °C is enhanced
most significantly. Therefore,it can be deduced that the CeO, may not only provide the NO, trapping sites, but
also present interaction with the noble metals, which can improve the NOy trapping to some extent, especially

at low temperature.

3.4 The NO /O, adsorption by in situ DRIFTS

For the purpose of investigating the NOy adsorbed species difference for different CeO, oxides, NO and

O, adsorption was tested by in situ DRIFTS. The spectra at 300 °C for different catalysts are shown in Fig.8.
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Fig.8 The NO/O, adsorption spectra at 300 °C for different catalysts

From the spectra shown in Fig.8, the NOy adsorbed species for different samples can be compared. As to
the PA+FCS and PA+FCI catalysts, they present similar adsorbed species, which are mainly different nitrates
species [13, 15], while they show different adsorption process. PA+FCS sample exhibits mainly nitrates at high
wavenumbers (1563 cm™) at 10min NO/O, contact, while PA+FCI presents nitrates at 1521 cm™. As to the
aged samples, NOy adsorbed species shift to higher wavenumbers, which may due to the decrease of surface
area. Moreover, for the PA+ACI sample, the kind of adsorbed species decrease, which may due to the low
specific surface area (1.7 m*/g) and result in low NOy trapping capacity. After loading Pt on aged CeO,, the
adsorptionprocess is enhanced significantly, especially for PA+PACS sample. The NO, adsorbed species
already reach large amount at 5 min. It can be due to the improved surface active oxygen after loading Pt on

Ce0O;. The improvement of NOy adsorbed species for PA+PACI is less enhanced.
4 Conclusion

(1) CeO,-Scatalyst presents outstanding NOy trapping capacity, in comparison with CeO,-1, because of higher

surface areas, richer porous texture, stronger aging-resistant ability, higher content of active [O] species,
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larger quantity of NOy trapping sites and strong interaction with the NO oxidation components.

(2) The interaction between CeO, and Pt/Al,0; (NO oxidation component) results in improved surface active
oxygen of CeO,, which may participate in NOy trapping.

(3) The different surface properties for these two CeQO, lead to different NO, adsorbed species process. Pt
loaded aged CeO, enhance the NO, trapping capacity of aged CeO, oxides, by enhancing the surface active

oxygen and improving the NOy adsorbed species formation.
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EIEFETE B = DB A b, NLE I AR KLY 65 nm: FLBEJEREISS], K210 30 nm. MIE 2
(B) fi12 (D) rfLLEH, HAZRLEMIIAK Au@CeO, FRiL5) 43 Ai#E 3DOM ZrO, F AR K AL
fLEE L, ZpHUSA, KR A — (5~10 nm), #0K Au Bk (B2) 3 CeO, (58) e84t H CeO, 7%
JEREEL D 1~2 nme IEXFPGEKZON IR (Aw) SAPKRIONKFe /=58 (CeOy) A RUIIAZ e AL AN KR

K, 7B TH5RAK Au BURL 5 A0 CeO, IR (s AH HAEH .

aﬁm

E 8 &

Concentration (ppm)
g

%
&

& 2. 3DOM Au@CeO,/ZrO, Ak 7 TEM Hl HRTEM /& 3. 3DOM Au@CeO,/ZrO, 1t s ARk befa s 1 % 58]

3DOM Au@CeO,/ZrO, AL 7R T i (W AL JEBUR A e iE 1, b, 3DOM Au@CeO,/ZrO,-2
AL TG P e, Tso I 364°Co 18] 3 & 3DOM Au@CeO,/ZrO,-2 HEAK 73 S IR = VR AL 5 M1
Bl R CO, IR EE M2 K, WEIPTR, CO2 MM B A KW R, XK Au@CeO, #%5e4h
SRIURL ) 25 K0 0N RENS 6 BB (e Au SEAEALR A A0 R SRS TE PR AR e M o AT ST H 7R R AL AU
YA Au@CeO, %K BURLAEAGT, AR, M AR HEIR AT o IR ANER IS T 253 e FH TR
PRI SNBSS0 A TR BT FIGRA BHF UL — @ IR AR SR, il — IR i
PEEAL TR T R A7 r B A S g il o
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6 £ S LT P R ALY M FTEIR S 3 NO E R MR &2

EEe BRI, SO, FHRT
C* B RUR A S T2 B A AL 2 2 S T A St %, PR 210093;
O R B R IAR AT T LT E IR LB AR A s e I T A S0 5, BT 210093)

KERIA: BESRIAR, AL, NO R, AR

1. Bl S

NO & FERVGRI L —, X T NO LI RIa{EERE. 76 NO Bk 2 BRIk, AR 2
TIOMTZ AR TTIEZ — o WIFTR I, HISEHEALT e NO S5BR RN A RaEvE, A AR 5
WD iR B T CeO,-ZrO, [EVAM(LL R IRIE A CZ)h1 THHUF I BRI AE(0SC), 15 =ik
FIH AR ZHEE . FZRTSLS RN CuO TR b (A7 ZEIRAS I S M A (A 7035 T £ 7 22 R 2%,
HLAITE CeO, Befh b, 430K CuO PRI W] S 5 T Al CuOBl, T Ak Cu & BB/, Cu?”
BT LU CeO, IR drs o I T M A o AR AT 3 22y R R AR 1 S BRI AR AR B 2% CuO Wfsns i fili
BEAEALIAE NO W B B MY H i otk ()5, FF I8 89T NO Fl CO 43 FAEARMEAG IR R AT R, 5
WIH AT HEM) SV ALEE .

2. LIGER 5

PA Ce(NO3)326H,0, ZrOCly»8H,0 H1 Cu(NO;), Ay Hir kA4, 38k 7K A il 46 il it ] s A 280 A R A B
A, 23 lfaid b CZ, Cu-CZ. £ CZ Bk AR BHE 7 # CuO, fiidy Cu/CZ. Cu-CZ 1 Cu/CZ
HK Cu S5 IN 0.6 wi%, Hodibi /NG R AR A W 2 2200 . XRD £5 5K W] CZ. Cu-CZ. Cu/CZ
¥y b3z AT RN, A B CuO () AT S0, R R Ak T B 4 BOIRAS  BUBRCR IR, CZ 5 Cu/CZ
SRR B T Cu-CZ W R, TR UV-vis Fil EPR 25 (8 DR = #h Cu? B FIOEDIRE
AW 5 2 5, PEIIAE Cu-CZ ' Cu™ B FIRAN T CZ [ #% « Cu-CZ ' CuO Wi iir ik (P A7 3885 5 Cu/CZ
AR FES, BN ARSI AL R AN, BT e Z A BAE AR, 3X AT fg
e PEOA AR ZE I RN

Ho-TPR &5 F (18 2)3& AL SR WL E T 24 Cu/CZ < Cu-CZ < CZ, {EW] CuO HIIMAERE T CZ
FIEJE, Cu/CZ AR P S it i, BB 21 2K Cu MRk 530 25 s b 4

5 A SRR 42(00000000); [F 5 SRR B THRI973 TH%I, 00000000). % B 37 H
TWAREER A #EA E-mail: donglin@nju.edu.cn
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_ 247
9,22.350 g,=1.968 9,=1.946
A =120G Cu/CZ 207
3
©
‘S Cu/C
9,72.308 g 283 406
A=131G j= M/L/
521
g,=2.037 L/\
A,=23G
i 100 200 300 400 500 600
2500 3000 3500 4000 Tem perature (OC)
Magnetic field (G)
K1 HEAELL I EPR 4 K 2 HISEAEALFIRD CZ 24411 Ho-TPR 454

ZHTIBEFUIA A, CO IBJR NO T2 AP IR, 168K NO #i7rid )il N,O, 2 J5 ks NLO B
B H Nyo FEBHEIELRE F(140-230 °C), NO 6K N0 & EER AR, midB(>250 °C) & N =4 )
AN, Ky Ee b Tt b i S R HLEE, FRAT T T Cu-CZ 5 Cu/CZ FEX PN B rh s Ak e (18
3)o MEALTIAE S — 25 W P (NO 4038 J7 B NL ORIV AL RE R 200, A4 SR AT LD A 4 SR 7]
BER S SHLEE, W1 4 Bik. Cu™ Ml CO IR, TERL T Cu™-CO, IX—Hny LUt 2 i W B A
RIS, IE7 A NoO o Cu/CZ H BIH I T 7070 28 5, LA AR PR AR ) I I
JEFEAE Cu™-CO, 1l Cu-CZ iy Cu™ I FHEAN CZ dbHs, AAEAI e Mme A BR8E v, enfe = AR AR Ap M
IR AEIRZS I 22 A1 Cu-CZ Rl Cu/CZ FEBARHR L (¥ 3 1 AN T Ak AT e K 22 0l o

b) 8.0
a ] ] cu/cz
7.0 Cu/CZ 754
- "~ j Ea,,=117.4 kJ/mol
| lEa[Nzo]—26.8 kJ/mol 70 N
6.5 65.]
T 604 Y ’:g 6.0
= £ 554
5.5 5.0
| Cu-Cz |
Ea, =468 kJ/mol 454{Cu-CZ
504 ™ {Ea,,,=123.1 kJ/mol
401 — T :
0.00024 0.00026 0.00028 0.00018 0.00020 0.00022
1T (K™ 1T (K"

3 AL FIRIBTAE JE S 2k (a) NO I&J504 N,O; (b) NO i 54 N,

FERE R R (250 °C), FER A E NO (58 AR5, RBP4 LA Ny 2 320 i CO ZFBUHAL A
MR, JER T, XA i) UEHE-NCO PR AR B, FEBE 5 73l A No Il COp. Cu-CZ Fl
Cu/CZ {EX A MiEARE L TAH T, IEBZE O BRI RE S Cu DRI AAAEIRAS SRR, 255 5
LT AP R IRAT HEN-NCO PRI 3 8 %8 (M F O 3R « SRIM Cw/CZ 1 R VI 2 KT Cu-CZ, iX—
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RO LAGS S LA REAT U], Cu/CZ HH-NCO T Z AR K B, BE [ I8¢ 3] Ce-NCO Al
Cu-NCO #JFl, MMifE Cu-CZ " HFEMEEH] Ce-NCO #Fl, X/ T Cu/CZ Y a2k e, et
TR S ETEG S — U7, Cw/CZ T LG Cu-CZ B G E JR, FEAH [FIELEE ) B A
ZRMAFNL, fEFE-NCO MR IR, RILHIEL T Cu-CZ, Cw/CZ 7ER st 5 A W i v

CO+NO CO+NO

\ NOSCO CO NO?® // o CuO
oo T~ b L ° cu0
) 2T . o
CZ Support
CC+NQ
co ca _ CO+N,O O Oxygen Vacancy
\ NO= NO? /
o e ~Eagy | |
b S
[#]e] CO+NO
\ \ NCO NCO
o o 250C L emoem s nlon oo
_— slow
C) o S
co CO+NQ

\\ \ c NCO NCO c

NCO NCO
= = 22500 o o% o B ?LDLJDLI:J

d) -~

K4 wlEeR R MNHLEE (a) K3 T Cu-CZ; (b) ki T Cuw/CZ; (¢) Fiii I Cu-CZ; (d) il | Cu-CZz;

3. it

Mt FRETSY, TR LR 458 (1) Cu-CZ H Cu™ Wb B i NGRS ks, Ti7E Cw/CZ
WU 43 B AR o (2) R ISRARFNAAR S 22 R 5 W] A A E 3RS . (3) AHEL Cu-CZ, Cu/CZ
R AR ARl B TR BRI I, TR S POC, HRMH T SiErE. 4) R
FER, NO Tl B ANIR L, JEAM RN NLO, SEIIANSEAIE IR 78 md N Ny oA B 2774, -NCO 42
e T 1 S N e A

2 % X W

L.J. Liw,Y. Chen, L. Dong et al.Appl. Catal. B: Environ. 2009, 90, 105.

M. Manzoli, R. Di Monte, F. Boccuzzi, S. Coluccia, J. Kaspar, Appl. Catal. B: Environ. 2005, 61, 192.
W. Liu, M. Flytzani-Stephanopoulos, J. Catal. 1995, 153, 304.

Z.Liu, W.J. Ji, L. Dong et al. J. Catal. 1997, 172, 243.
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ATRZHEENEURENSHHESRLY

IR, KA, IR, FMAET, BEKR, 4E, AL
CHS R TP SERE N REMRE SO e BOR P s s, R B TRS:, Bife 200237)

KA WM, Wb ste, B e AR

FERA LI A - R O R RIR BE SR LR R SR A R i A B, BA
WRBEL AR R R S, AR LT AR e Tl A8 B R AT S A i e R e il &
WREAL AR T BRI E . CO MRilEAAL L K VOCs EAL AL [ N BAT RAFIIMEAC AL PR RE, Kedilish 52
TR TR OIGREAEN, 7T LA AR R U S LG IR, 0 TR KO H AR
BN

AR I -Ht L1467 CeOy, Co3045 2 CoyCeigo (/R EL x=30, 50, 70) A LYIfELL T
il TR s H Ce(NO;3)36H0 Fll Co(NO3)y6H,0 FLile— e W FE IR, W — 2 BE R BUMAT AR IR I N
R, IRGRAE 80°C M PEFE N A BERAR, T 100°C EARIE AL, 500°C Kike 4h il & A [ Eo il
(AT . T2 580 S SR AL A Y. R EE J9 1000ppm, 53k 150000 bk BERIAR 52
Pho HAGFIEAEARRRRE M4 T, B AR NP7 30min, JELHFEFIIMHE.

2ER5HE

(A) (B) 110
100
90
—&—blank
80 —e—Cel00
S " oo 10 e -
£ 60 —4— CoT0Ce30 EE'
é &) —<—Col00 -2
a ] —m— Co70Ce30
40 ] VC 1000ppm
g w0 © o GHSV=15000h"
204 T=300°C
104
0
T T T o ) T 1 80 — T T T T T T T
100 150 200 250 300 350 400 450 0 0 20 30 40 50 60 70 80 %0 100 110
Temperature ("C) Time (B)
o > Y ap s >
Kl 1 (A) CoxCeroo fEALTIMIfEAL AL P RE (B) CoroCeso AL IR AR E Tk

"% 973 T1%1(2010CB732300) A% 863 1%l (2011AA03A406) % By H
THWIIER N (Tel: 021-64252923, Email: ylguo@ecust.edu.cn)
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BT AL 1 ATAN, BEE RS AE T Co B, Too BMWIFEAS, W& Ce MIMAIERE T
HEATETE, ComoCeso HEAL TN T- 50 LI AL S A R GV S i1, Too K 280°C CoxCeyoox MEALT I ALIE TE
(A Tog MBI METEMRAK KA : Coz9Ce30>Co100>CosoCesp>Co30Cer0>Cergoo Kl 2 4 CozgCeso fitiAL
FIEIAEEVEY, MR AT LAE SR NVEE N 300°C G 20 ] LA 58 4484k, 78 110h frE L fi
HEREVEA B8 AT I I R IR

R 1 CoxCerpox AN ACTE TSI RE

VC Conversion  Surface area Total Hy Average O/(Co+Ce) Osur/Orotal
Samples consumption Crystallite size
Tso/°C  Too/°C (m’/g) (mmol/g) (nm)

Ceigo 409 480 49 1.1 114 2.11 0.32
Co30Cer 300 347 51 3.2 7.7 2.31 0.38
CosoCeso 273 307 53 5.64 7.7 2.28 0.52
Co70Ce;3 248 280 59 8.71 6.1 2.08 0.66

Coigo 259 298 18 17.48 31.7 1.66 0.59

/;_J\/\_Jll
%' £ ! L CouCen £
: 5 ! f Cosces é
h’enr.y.‘DJL Coue
: T : T T : T A - o 0 T T T T T T
B . . . - 1 5 . . . . . .
W W M0 40 N0 60 TR 8 I, 00 00 00 40 S0 60 0
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0ls Tt

0,

i/ ":\s: Col0D
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/ CoS0Ce50
. Co30Ce70
‘/\\\_’k Cel00

T T T T S -
526 528 530 532 534 536 RN e
—

Intensity(a.u.}

Binding energy (¢V)
2 (A)H,-TPR; (B)Raman J(;iff; (C)O,-TPD; (D)Ols XPS; (E)HRTEM; (F)EDX-Mapping
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€ 2 1) Hy-TPR RAEHT, Ce HITI A1 Co® -Co® 3 JiIE M 320°C IHIRIE 77 1A 8 42 250°C B,
1M ComoCeso Ak FITEAR LB AH LE Coyoo HEAL FILAT EL AL I L (R B, X & W] CosgCeso H A AL M
WA 2 G0 S R, B T A A /8 Raman RAEH, HiEE A E DRI CeO, #AT
Fog=464cm™ 41 S M IORFIEIE L, R WAER S & AR EE T CeO, AT 45, {HJEREH Co &
BN, H1F Fou WEHRIEAZSS, FLUGTE S (AR, WA BN 464em™ ks 2 T 448em™, & T#5
Co BHESFHENZR] Ce 1 ftkrh, FBOL A AT SR AS AT, A ks 9 I i, i sl ik
WGk O-TPD RAET, SMEALTEHEAR S AMFIAE 220°C FHITIFIAUB PN, IR B E S 0 L 14
P, T DALE ARG R SN 452 T BB H ok 2 AR NP FIHBAESE T Ce (5IN,  diks S e pt
I )N 605°C [ 554°C B2, RWI M TE Sk, SHRGITH AL, A5 REMIE RN,
O 1s XPS KAEH, 3l i@ i 45 A3 5 Ogu/One R K R, 15 CoxCeroon A MM HELIT T
— 8, R T DA AR A T B I MR SRR S L A S S rh AR A OGE/E Y. HRTEM
AP B EE] T CeO, (111D Fl Coz04 (111D #4454, EDX-Mapping th 27~ T Ce fil Co JG
FEB A

3. %it

VA IR BRIV ) % R i B A3 A B A IR T4 R TR AR AL SR B 3 36 0 R B A R e B S 1« Ce
(151N, AR S A A oRAE AN, LRI R, BN T R AR I & It T AT 5
PEfE, AT o5 T A7 O P A v e R R s

& X x #k
C. H. Zhang, W. C. Hua, C. Wang et al., Appl. Catal. B, 2013, 134-135: 310-315

L.F. Liotta, M. Ousmane, G. Di Carlo et al., Appl. Catal. A, 2008, 347:81-88
B. de Rivas, R. Lopez-Fonseca, C. Jiménez-Gonzalez et al.,J. Catal., 2011, 281(1): 88-97
C. H. Zhang, C. Wang, W. C. Zhan et al., Appl. Catal. B, 2013, 129: 509-515
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LA, #dE, EE, e, BEZ, AL, REK, I
(M ERE R, AT 330031)

FEIR: Ln,ZrO; Bedifr; Ni JEMEALT]; HhikKER Eg

KRARSK BRI Han TR A A 2075, HFTH Ni SMEAFRIAAE SRR, DR s S
B o BRAEAT ST HAER R B2 R — 2 RN LIRS B AR, e A s, e PR
i E A P NI 3R AE LayZe,O7 B ik b, RBLBESAT BAK T AL NiO G PO M 51 404, 15
BT PERIPURURR P 5 T Ni-ZrO, M1 Ni-La,Os [ 4171 - Pakhare 25P5R HI 51 42 & Rh, Pt5 248U LayZr, 04
(Kibest A AL F e TR BRI R AP AL R o (B RGBT Tbe st A G A A
BRI N HEfA Y T e K 28 SR S N ST, H e Wk 5.
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1 Ni-Ln-Zr-O /4 &) XRD &K 2 Ni-Ln-Zr-O 1 5 ) I be /K 28 iy

S 4At: CHy W%, 40mL/min, H,0/C=2:1, GHSV=3600 ml-g"-h™

Kl 2 O Ni-Ln-Zr-O AR ZRHEAG I T PG K 28 B S W ) B R A A< i e NP ol U HE AE
Ni-Pr-Zr-O fI Ni-Sm-Zr-O {405 1 e fh A ik . BARILRAL AT DI Ika, (HAE W 50h e
Wl BAe s, JFREIRRFAE 50% /47 Ni-Y-Zr-O HEALF BRI UG H AL AT 80%, (H 2Rl SNt
17, WA ABWPRAR,  BEHTZARE N 0 S AR e MRS, FATE 0T 45 SRR W I 8] S B i 1A 71
R T KR MFER, BUEHI K5 . Ni-La-Zr-O B 5 R MG AL R AR B m, I B RS
JSLIN TRIHERS W T, SRR AE 2 W 0], I 8] B JE AL s PER ML BRAIR, R LAy
IREE PEADE R A BURRBR T RE AT TN A5t

R 1AL LR TR
fiEAL bt i (m*/g) fiEALT LI (m?/g)
La-Zr-O 6 Ni -La-Zr-O 5
Y-Z1-0 2 Ni - Y-Zr-O 3
Pr-Zr-O 2 Ni - Pr-Zr-O 4
Sm-Zr-0 3 Ni - Sm-Zr-O 5

Ni-Ln-Zr-O AR TR TR IR 1 Frs. FRaipeseq JA R BRI D, Ni 45 JoW] 2
Al . FGE K 2 A S N B DA R RN S B Dy, TR A AR Y EE AR T R U, BRI N
ISR AN ) B, A AL A A AV RESZ 2RIy o 25 R8BI 1 Ni-La-Zr-O Bz (I LLR AN, X3
B AR VAT ORI BE R DRI, JRATIDTRE T 3E— P9 24K, R Ni-La-Zr-O AL T 8 Kt R
T B AL, ORI A A AT BRI T, RIS HEA AR AR DR A D0 R RS PE REFI HUAR B 1 B

Z % X W

[1] Xu, X. L.; Zhang, R. B.; Zeng, X. R.; Han, X.; Li, Y. C.; Liu, Y.; Wang, X. *, Effects of La, Ce, andY Oxides on
SnO, Catalysts for CO and CH, Oxidation,ChemCatChem, 2013, 5(7), 2025-2036.

21  df; WAEGAE; KRIDedE; 1ZEy; NEA, M Lbesn U I CO, FAE CH, Hil6 SR N ST, 77 [FF 1
#R,2006,24(22),62-67.

Pakhare, D.; Haynes, D.; Shekhawat, D.; Spivey, J., Role of metal substitution in lanthanum zirconatepyrochlores (La,Zr,0;) for
dry (CO,) reforming of methane (DRM), Appl. Petrochem. Res., 2012, 2 (1), 27-35.
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Ce, V1,03 — SRR LR IERE

a®*

KWE L, gk, TN
(P E R A B A A EE BT, ES 610041
O [E R R, dERT 100038)

KERIRE: BSLAEALGR], SR, S

EESIERYEA NI (Chlorinated Volatile Organic Compounds, CVOC) J&—2K) 2 N TEZ . H
TR AU T o), AR G R 2 KA IE OGS, SRS R S5 YL ), 253 i
ISP 3 RDRE A 2o A ST AR FE CVOC V5 Y A 28710, OB IS m A Ak 7o i 1
CeO, LB IFI i B AURE I R Ce(TTD)/Ce(IV) FALIMIPE I, R4 CVOC — BB AT . AR
POMRTES & BT IER % T AR Cey VO, fiE4LFI, KM FT-IR. H2-TPR. TEM. BET %
M IT RN AR TSR EAT T 3RAE, 28 T AL R bk A MERE . BRIE Cey V1,0, fHEALF
X DCM HEAGIE M5 iF, TS0 A T98 437 240°CF1 297°C, T98 i CO, EEFEM: N 81.7%. HCl iEHeH:
H91.7%.

1. RIEERH
1.1 ELFHF

P RE B E T Ce(NO3)3*9H,0 T 500°C 4514 T In# 73 fi# Sh fil15 CeOa 1L (idky A-CeOy) -
ARG B SmL 1moleL ' Ce(NOs)s W, IHA 70mL Z, —FEE W, #73H% 30min J5 /K2,
75 180°C A4 F RV 15h, 20043 B 4 B /KR SRRV, dse ) fE 500°C 440 FBbeiE{k 3h Gidh
B-Ce0,) o K —EHE 1 NHVO: Wl T H IR T, A B-CeO, ', A 70mL & K, T 180C4%
PERIKIRRNY 8h, #5053 B 5 2 B TR CREBEV, T T 500°C 44 M HBERTEAG 3h (i B-CeVO,) -

1.2 L FEEITEMD

EH & HE (DCMD AE IR JERNS, 5 A 8 [ 02 PR IR N 2 PR AL FNE P, s WA N A2
Smm, BEAE ImL GEBUARD , RNV Z5HE 10000h™, DCM W 1500ppm, [V H1E 4% FID Kl
ISR T RSN

TR FEAPIIUR ER] (863 TR (2008AA062601) % B H
TEAR, BT, S0, Tel: (028)85215405; Fax: (028)85220713; E-mail: gywang@cioc.ac.cn
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Cey V1, Ox AL FIX DCM AL A A TERESE Rl 1 AL 1 Fos. il 1 a0, DCM 4k 266
SR T R i B K . AR AR PR B-CeVO,> B-CeOy> A-Ce0,. F WIVAESFHWL A4 ) CeO,
HATELF A AERE, VB st — 04 o T MR

1 Cey V1., Ox fHE LTI T DCM ) FT-IR FAE ] WL, = Fh LI DCM [FI45 4 U [ 5 B-CeVO,>
B-CeO,> A-CeO,, 5 A 1 S5 N PN — 2o 22 B I FGE T4 1) Cey Vi Ox AL I T V 1B 44
517 DCM (R B &E S, B T LAEAL S DCM (5. Ce, V1,0, fiEALFIGT DCM (115 B i ) A2
SR TLAHE A A T 1 A R

2 1 Al L, =AML HCL TR KT 90%, HCL#E Cl, B 510, & DCM AL 484k (1 2
=) AT A-CeO, 5 B-CeO, (174 h 1 /> & 1) CH3CL EIl ™4, 1fii B-CeVO, 4171 A &I CH;5CI
AlFEY), RV B R TR CHCLEF Y. B-CeO, 5 A-CeO, [f) CO, EF . TEM RALRIL
B-CeO, A K4t 100nm /47 (3 —BRIR KL, BET &K B IX PR B A5 A-CeO, B i 1 LL R THIAN, 53 A 4h
K CeO, HA U AOREBAANERED, RILH B AR TR N . B-CeVO, HAT HAEFH) CO, ZEHEE.
TPR JAE I V IS T Ce FEMEAL I AALPERES, IR T RV CO, iEHE M

1. CeV FAMALFINT DCM AL EALTETE S TS W R r=ik £k

selectivity /%
Catalyst T50/°C T98/°C
CO, Cco HC1 Cl, CH;Cl
A-CeO, 295 372 54.9 43.9 92.4 6.4 1.2
B-CeO, 271 345 62.6 36.7 922 7.1 0.7
B-CeVOy 240 297 81.7 18.3 91.7 8.3 *

* RAI E

100 4

804

60

on/%

40

204

T T T T T T
100 150 200 250 300 350 400

& 1. Ce, V1, O, HEALFIXT DCM [ HEAL AL 5 L
2 % x M

Dobrzynska E, Posniak M, Szewczynska M, et al. Crit Rev Anal Chem, 2010, 40(1): 41-57

Ruihong M, Panjing H, Lingyun J, etal. Catal Tod, 2011, 175: 598-602
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0A-09

“ELsH N CH EILH DFT+U #A5E
FHRF L, RPER T, AL

1. AR TORZE TSR, i 200237

2. PAEZRER TR, g 200237)
FKHEiE: 4%, CHy, DFT+U

zIdb =2

LRE=

BEAG Al PR A H S AR, TFA BARIR AN SURHEIBUA AR S e A0 2 i 8T T 20 4 oA 5K
USRS AR EZE T e, B AE HAR SR A AR, &l PTRAKI 2Ry T3
O TR E AR, AR ELRRGE, DRI e 3T B A i A AT 5 ) B R i R ORI S A9
SEAIRGER . KIS CO, T4 1R R e B R P A A s PR R DI

AR R O B A BRI RE AT T2 N ], JE I TR R A AR T T, B TS
WA A R RE 0 AR DFT+U $HEHRST R HEAE CeOy(110) LINMR I AIf# BT, 578
S POEE AL, JUHGZ 2 —A C-H BERIMWTR, TR T SNl R w] e E A v 18] 74
2BBIRITE
21 8 A=E

ASCHTAT TSR] vasp B, I PWO1-GGA MK HR A R A8 BT, b Ce 1) 4f,
5s, 5p, 5d, 6s HLFAHMIO M) 2s, 2p T HEIEN T, JERMEIMBSER(PAW) 7 VAR IR L 11
PEHD, PRI AR IT AR 350eV. ST ASCERIIR &5, BAIFHE I DFT+U i) U (e
H 5eVe CeOx(110R M 5 251 1 Jl I R AR KAL), F TSR Oy (2% 3) FA) B it 0 S AT B R IX B 73R
J] 2x2x1 1) Monkhorst-Pack M k& o 7EFTAT (I THEEH, WM THSE a1 — 10 EA T, AR Bt B e v ]

HEEREEFES (WHSS: 21073060) 5 B K SIEAMBI KRR (973 7R (TiH% % : 2010CB732300
2011CB808505) 5 Il H
48K E-mail: xgong@ecust. edu. cn

"y E-mail: gzhlu@ecust. edu. cn
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SR B 2 R 7, HAb T R T A = ey ) b A SR AT A A, e SORE Tk

Hellman-Feynman Jj/ T 0.05eV/A.
228 R 508

CHy 7R THI TR W BT S fift A B an ] 1 o, CHy 23 7AE CeOx(110) R IR REIR /1N, FEAR UK AR
M, T CH, MR BRI, B CeOy(110)4R 5% T HF [110]77 I RHEI G454 £E[001] 77 15

eIy BR8], TER O-Ce-O MERE V ARG 11, Rl CHy K AEAR BTN, A7 A5 AN [R] WS B A 28

T H 2t k[, Bim 7 O B, JERE OH, &t CHs At O Ji1-F Ce i1 LR b
REZP M 0 h-2.41.eV F1-0.3eV, IXt¥tH] CH; Wl 76 O EMRHE, 1 AEXKAE Ce Joi 7 ERHY, H A
CH; $I1E O Jgi 5~ LW B () dme F v A B I &1 1(b),(e) P 7rs, CHi Al H 23 530 AE [R]— & B P R 401~ IRE e
PSR AR e R M bt e P 1(e) (DT, CHy fEAR B IR, S FRB A T4
BT 1 =8 e SRS B R U R VAR 0 2 T B O P L 5 = g s e e e ek
iR T

& 1.a,b 4 CHy 2 FIRISHIZRY, boe 9 CH, R BIREIHARYL, of 3 CH, R HI B RIIE, o ab,e
AIE, defAMARE, HP@EKe, O, KOG, 2ESHERRET, {87, WET, |8
1o
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2.3.451%

TATRH DFT+U &5 T CHy £E CeO, (110)FR I LW bt 5 it 72, 45 B3R W CH, 4 T1E
CeO,(110)FR I LW P55,  SEAS ) T 2 Wbt FLAR W B I HORD CH #AE3RTH O J5t 7 LWt o 1yt
T CHy 3k 5 R P A 25 15 50 % T RE 7= A= 1) R ) ) At B4 T T 850

Sk
[1] R.H. Crabtree ,Chem. Rev, 1995, 95(4): 987-1007
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OA-10

La-Ni,P/SBA-15/Z 5 A AR IELF REMS R IERE"
I, FAMET, R, A8

IR TR A TR oM B 5 sk e %, Bt 1000290

KBEIA: WAL, SBA-15, AL, InE e

VOl SRR T A A RS R S R s I LU, B A TS k. b
i OB A I 2 s R R Bk, BALYIA R Jn et SO, HEIEI R U 2 TR R HoSO4 RTRE, ™
fi HIBERINMAERRE . [, SOy B2 F AR R AR IR E PRI MAL ], (HILBOR AR, tH S %
TSRV AR AE A Seh i & B BRAIARIA ) T 30 pg/g A1 5~10 pg/ghle IRk 5 i B8 I U 6% ( HDSS)
SR T AATI V2R S 0 BR300 PR P B A2 ol T Tt 1 G B

WFFTREM S oI 4 a8 AL A T A A S AR A 1 o B R P R Y, e I U i
AL ST — AN BT R o U BEAR A ) (R 8t T T SR &) oy s e 2% . HaT, AT T
EARMBFFE 2R TR B, SR T — O R BREA . 0 2 MR B T R
Z ML TiOy, SO TERERRER, F1r 7 Id 1 B )2 N ¥4 R M A R S AL b 2R
SERARATIE P, L AR () B A G R TR T AR BBk o A0 A (0 S R, AT W R R i £ 4
PR LER BRSO 2 IR SE T A1 ST A AT MR TR A SR, REA
HARZ RGBS e, B BT B U B I EL il

A4 1 La-NioP /SBA-15/8 75 1 4R xUHEAL AT AR i 1 — 2RI FIBEmy (DBT) I B i Ak %« 38
WS T Mo-NioP /SBA-1S/4 75 A A XA A -P X DBT INAUB RIS E 5, S5RFRW &
# Mo [REWSIL R DBT #4bR. ififi 1705 La BIU% NipP AT K50 IOIRIEAR D> . AR TH 5
TANF] La 7550 NipP /SBA-15/5E 75 A1 A4 771 B 45 Ka RN S0 B At 4 E A S0

L1 e RSl &

R H AR T 20%(010 SRR P A BEA T IR FAC B, U A F 258 7K VEE TN 500 °C 1

"I K A ORI E  (973)
TR A
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Dk 4 h, &K AL T SBA-15 MU ST VA% . H4E PANI =0.8 [ LI FREX
Ni( NO;),'6H,0 HI(NH4),HPO, LRI, R SR BURITER 2gSBA-15 AR, T4, 550 C
2P RS 4 h(HESEZ 2 C/min), 45 H Ni,P /SBA-15 BiIk{A. SRJ5, FREC—&E & La( NOs);6H,0
Be R, 5 NipP/SBA-15 . Kiiia, T4, fke, RIf5 La-Ni,P/SBA-15 {447,

FREL 4.0 g AR 5K La-Ni,P/SBA-15 AL FIRTIRAA, AR 5%, fidt, RIF3 65
TN SYlPITE R o B FHUAL BRI T A TN TE R I . ERHOKG, KEbe . SRGTE Hy “Uit(60 ml/min)
FLL 10 °C/min 3R NS FHAE 300 °C, FFLL 1 °C/min (U8R FF 2 650 °C H4ERF 2 h, ARG M E =
FEH 1 %0o/Ar(V/V)IE G550 ml/min)#lifh 2 h, EPfHE T A8k La-Nip,P/SBA-15 fiE4L 5. 4 NiyP
()5 5 oA 25%,  La [RJFUE S 8N 0% - 2.2%.

1.2 LT R RAE

HEAL T I PIAH 256K ] Rigaku D/MAX 2500VB 2+ /PC BY X SHEATHEGE, SOGIEFM Cu Ka
TR, B HE R 40 KV, B HLTLA 200 mA o ARG R X35 10-90° . fH A6 71 1) N, W B - Bt Bt 52 56 7F Sorptomatic
1990 HY 50U I A L5 CRRCRGREE-196 °C) 5 BT 75 300 °C R 4 h LA_L, dlxd BET J5 ik 55
FEA I LL RTINS BIH Jriki AL AL o A i £k
1.3 fE1L 7 By % gE N

AL PN AE PR B S R AR AN S N o (AN 9 mm) FPHEAT o SR SR My [+ S 2595 08U(S
TN 1.0 wt%) WAL VA, FERAR R ) 6 mL/h, SR 40 mL/min, [N EESEF D 300-380 °C,
He 7729 3 MPa [{4AE R, il i HE AU aR 3 b oxd ol 4% 1) e X p Ak R0 (K0 35 P A T DR AR o RSP~ 44
SP-2100 A4 (5 %A L4720 41, HI. PONA BA1E (50 mx0.20 mmx0.50 pm), KN 3 TR 4%
(FID). J N7~ B AE(BP) AIFR CILZE(CHB) . LL A IF Wy (DBT) (AL AL AT A vEAN i Ak 705 1
(124
2. ZR5118
2.1 7E LA &2 LA-NLP/SBA-15/ 25 AE KK EL T XRD R1E

Bl 1 /EAA La &% La-NipP/SBA-15/ 75 f1 B A XML A XRD i &l KT AT LAE H 895 4 R
TEATETIEAE 18.0°, 19.0°, 21.6°, 26.4°, 28.4°, 29.4°, 33.8°, 36.8°, 38.4°, 1 42.9°, 5 PDF(089-1487)
R AR R — 20 X TR Ni,P/SBA-15 fEALF, 20 7 40.6°, 44.5°, 47.3°H1 54.1°4047 B {2 FAO%F
fiEWE, FRHUFAFTH A (PDF#03-0953) JHJE A NipP #4H. BLHIZEHEAA SBA-15 LJERL T 4liff) Ni,P
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Tl o P AOBEARSCHRALTR), HERT A 245 A IAFIE I . X NipP/SBA-15/ 57 A1 SR AEAL T, BR
TEEFARAEIESN, AR A R AT 0 2 NipP (TS . X T La-Ni,P/SBA-15/cord B AR 1L
7, B La & BRI, RAMEE S La FFFIEATS . ATREZ DN La & BOKAK, B0 La W70 #U7E

SBA-15 1,

v w cordierite

] \ 4
Wl Yvoeye o ®

WM%WM&MWJMJMM/VM*MwaﬂthwﬁmwwAMWWwwwN

<

T
LS N R
[ [ [

Ll | (4)
A o, b DA s ppinonid Dottt

‘\me‘
|

2
L_qum/wUuWw( )

M \ ) (1)
(PDF card no. 03-0953) \\;/J l

— . .
15 20 25 30 35 40 45 50 55 60
26/°

1 AN[F] La 24t La-NiP/SBA-15/4 #4144 77 XRD 1 4]
Fig. 1 XRD patterns of La-Ni,P/SBA-15/cordierite monolithic catalysts with different La loading
(1) NipP/SBA-15; (2) Ni,P/SBA-15/cord; (3) 0.7%La-Ni,P/SBA-15/cord; (4) 1.5%La-Ni,P/SBA-15/cord;(5)

2.2%La-Ni,P/SBA-15/cord

22 7B LA &8 LA-NLP/SBA-15/EE5 R B ARRELFIFLEHRIE

K] 2 J& La-NiP/SBA-15/5 75 A1 #ARZAR AL 1T Ny W B-Md b A5 i 2o AT R SR ILH TV TR it
SRR, JEHWBCRT 2 A H1 BURWEIIR, XEEE SR LAY AE . X UiHH La-NiP/SBA-15/
B AT IR AT AR B A L) SBA-15 A fLEEMIRFAIE .
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3

Adsorbed volume / cm’/g

I | I | I | I I
0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure (P/Po)

2 ANJF) La 5% La-Ni,P/SBA-15/5 15 47 44 A A0 7R N W JI5E B o111 2%
Fig. 2 Njadsorption-desorption isotherms of the La-Ni,P/SBA-15/ cordierite samples with different La loading
(1) NipP/SBA-15/cord; (2) 0.7%La-Ni,P/SBA-15/cord; (3) 1.5%La-Ni,P/SBA-15/cord;
(4) 2.2%La-Ni,P/SBA-15/cord

% 1 EANF La & 5 La-NiP/SBA-15/4 7 A A EAL LA /I S 8. X T Ni,P/SBA-15/E 41,
FLR AR Sper AL Vp {23514 99.3 m?/g A1 0.18 m*/g. %t T* La-Ni,P/SBA-15/4:75 47 #AR XML 1,
La [ IO\ 42 2 T HEAL AU Sper 1 Vp (i, (HALARBA WA, La N 1.5 wt.%/H)
La-Ni,P/SBA-15/5 75 A 3R U A A B K M LL R HBURIFLAARL, 4390000 147.1 m/g 1 0.24 m*/g. X[
fe2 5l La MU IASE = T NigP 120 ot AIT8E in 7 Ak 7 1 LU R T AR H2 2 La &K T 1.5 wt.%
i, AT LR TR FTRAS, DM La & Solid — @ B, La % NioP Sl A 1 40 HOVE F BAIG o

# 1 A[A] La & & La-Ni,P/SBA-15/cordierite # AR UL 7 FLGE I S 5L

Fig. 1Pore structure parameters of La-Ni,P/SBA-15/cordierite samples with different Laloading

Catalysts SBET (mz/ g) Vp (m3/ 2) Dgyu (nm)
Ni,P/SBA-15/cordierite 99.3 0.18 3.8
0.7%La-Ni,P/SBA-15/cordierite 140.1 0.22 3.8
1.5%La-Ni,P/SBA-15/cordierite 147.1 0.24 39
2.2%La-Ni,P/SBA-15/cordierite 141.1 0.21 39
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2.3 K[ LA &8 LA-NLLP/SBA-15/2 & A & 16 7 /in S Bt 5% 5 52 14 Be

K 3 JE AN La &5 La-NiP/SBA-15/5 7 A AR AL A INEUBE 0% S S BE - &I, La & &AL
0.7 %-2.2 %HIVEFI N, La-Ni,P/SBA-15/ 4 7 A1 #EARAEL AN, DBT HIFEAL R AR N La (HELL A
P, EARMEN R IET R, JFHBEAT La S50, MEAEPESER IS K. La (AR AFAE
IAEAH . X T NiP/SBA-15/4 3 A 48R X MEAL], 75 300 °C 1380 °C I, —KJFEEM; (DBT) Mn&i
BRI IY BN 27.2 %H1 71.3 % 1.5 %La-Ni,P/SBA-15/3 75 A1 AL FIA el (1) — 28 IF ey (DBT) In &
G PE, 7E 300°C M1 380 °C I, —ZKJFWEWy(DBT)ALE 5514 36.8 %M1 96.3 %. X Uil La [N fE
B AL ) = I FE (DBT) ISR i 1E . La-NipP/SBA-15/4 7 47 AR UL 71 5o HY R4 (K19
FEMEBR R . X AT REZ Y La MIIARG R T AR LA FLARRR, AT K501 DBT 19
HORUBEBT SN (HEAT o 24 La SR T 1.5 %0, DBT MIFALRBDN, MEAFIE PG, XKW La & &
2, AFT DBT INEUBLHR 5N AT .

100
80 -
°
=
kel
2 60
>
g
S —=—(1)
& —e—(2)
A 40- —a—(3)
v 4
20 1 | 1 | 1 | 1
300 320 340 360 380

Temperature /°C
3 AN La &4 La-Ni,P/SBA-15/cordierite FA& AR AL NS BT & 3 1H: g

Fig. 3Catalytic activity of La-Ni,P/SBA-15/cordierite monolithic catalysts with different La loading for HDS of

DBT

(1) NipP/SBA-15/cord; (2) 0.7%La-Ni,P/SBA-15/cord; (3) 1.5%La-Ni,P/SBA-15/cord;

(4) 2.2%La-Ni,P/SBA-15/cord

Bl 4 JEANA] La 355 La-NipP/SBA-15/5 75 A7 MR MEAL K 2T BEWy (DBT) N U AL s ™ 1k
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ZR(BP)FII LR (CHB) LR« M T LU Y, NioP/SBA-15/5: 15 41 AR UAE A 4T 55 =i 11 BP i
FEME. N La Ji5 () La-Ni,P/SBA-15/95 75 A1 8 AR M) BP G HEPEFEK, CHB IEFMET Ao i La
(PN BE B8 BFAR — 2R I BEW (DBT) I &UBEHR S 3 =4 BP [ $E, $2m CHB HIEHbE.

80 80
70 —

X
60+ ~
Ny =y
& =
2 50 2
3 °
5 40 :

30 H
20 ‘ L ‘ L ‘ L ‘ 20
300 320 340 360 380

Temperature / °C

B 4 AN La &5 La-NipP/SBA-15/5% 5 A1 AR AEAL ISR S N =4 BP 1 CHB JEFE 14

Fig. 4 BP and CHB selectivity over La-Ni,P/SBA-15/cordierite catalysts with different La loading for HDS of

DBT

(1) NipP/SBA-15/cord; (2) 0.7%La-Ni,P/SBA-15/cord; (3) 1.5%La-Ni,P/SBA-15/cord;

(4) 0.2%La-Ni,P/SBA-15/cord

3 %&ig

DA A 804K, La-Ni,P/SBA-15 RTYRA N GHIEMRE, FIRPFHE A #I% T — R YIAF La o5&
(1) La-Ni,P/SBA-15/45 5 A1 S8R . B3 La N F NiP /SBA-15/4 75 A AL G, $&m T A7)
T EER T A A SLAR AN« % DBT U S B BAT B BT 1 o % T NipP/SBA-15/4 75 7 B AA AL A,
£ 300°C 1 380 °C Itf, —AJFHEW) (DBT) MNEBIFALFRAN 27.2 % 71.3 %. 1124 La 58N 1.5 %
i}, La-Ni,P/SBA-15/5 75 A1 BEA AT I ZUB AL IE PE R4 7E 300 °C FlT 380 °C I, A JFBENT(DBT)
ALY 0K 36.8 %H1 96.3 %,

2 % X W

Al WK ERT, AU LA FR, 2002, 15(3):31-35

J. A. Rodriguez, J. Y. Kim, J. C. Hanson, J.Phys.Chem.B, 2003, 107:6276-6285

S. T. Oyama, P. Clark, V. L. S. TeixeiradaSilvaet al., J. Phys.Chem.B, 2001, 105: 4961-4966
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OA-11

B EEYEECREETRELTPEANZE

M, fEA, IE, WERT, £F
ARt A e TR, JE5T 100083)

XA M, P MR, B

h T RN B AR b AR R AL T IR E R, A SR A, XRD O RIZE# G R
R, BAAE> B S BRI T B S LaVO,s CeVO,. AN 595 45 1) TPR 45 LW, #H4fk
Wy AL IR SRR FE T, SRR G PR R . WEW RIER e TR A IE CeVOy LaVO, (LT T
HRIMI N, (TPSR-MS) ZEHREW], 1E CeVO, Al LaVO, LHEWy [FIFE LLEAL R N R 32, 3 C AR X
W, AHY V,0s AL, BEM 5 IR CUGE 3 A0 28 5 W R P o O T 8 I my 1) S NS 0, 7E A AR
HPGINTEE, TPSR-MS 454 KM, La-Mg-V LEEWy AR B4 m . iSO 45 L, #
La-Mg-V A ZIBEBAEAR], AT B AR AR AR, 7= S AT BEACANAR , VA 2 i o e
1RFI) 722.6pg/g FAKRE] T 237ng/g.

1. 8IS

RN A= B, R KB, PR 2012 45 1 10 HR AT d, BEORAE H Gt
R R PR St ] 4 bR, A TRV FR N S 4 St ) 4 BRAE R B S IS TR 2013 4F 7 . S, K
SO EmEE N E N T, BN R H 352 SRR Fifk . Y R R B ORI T Ak
(FCC) ¥, IHFES FCC ¥ b i & S 145 H ad M™% . 7 FCC ¥y, BEmy Rk — ik
d AN T0% 04, EAT A LU AR I [1]e EERBFFERI]: 5 FCC T2 B [ 28 Js A7 i
BrEiiey, D WA, Ch HET FCC vl FEaR IR R R 2 — (2] HULEIS, FCC Tk~
WA LI E SR, Rl S DL RS R A B FCC yahim & =07 1 /R R &S 21 1T IA A 5 B €3]
Lappas et al fil Myrstad et al. #5057, fEEARMERET, Ni &5 V REE B SCR B ar, JuH
SN AR V4,5]. HRREMDERRIE T, SR EMEAAITRE JIERBLE6,7]. BILERA
AR EACIREE T, B IR BB AE Ml A N AR A RS IR V205, FEMEAR FRIRTRE P FURTRE (7]
¥, (R T/KZESAEAE, TR T 48 B V205 878 AR, AT 43— Ui &5 K4 i 1
[8,9,107. H 473~ fii vh DGR s 2 11, AR 54 - S b AR R A 1, OAR R BRI A = 0 241 o]
Wi E AR BER, RIP T IR A R[], AR LS T SO AR AR R M AR K
(127 iy ELAH R A - 7 AR AR 7738 B I I B R /s Bk 2D 8. DA SCHi 46 71 il 5P

R SR 4 (2010CB732301) %I H
ST N T EIN
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RIS, B8 T IXREG RN IS RAEIE R TERE, R TPSR-MS ilE, A
Iy T ARPWTIE T B AL B3R e 55 IRy HEAF I 1) S B A g T A 7

2. LEER S

W L e 5 R B RN S AL B 23 S0 1e 1 RO ERNR A, WFBSVR AT JE BN S A b vk, /E 760°C R 4%
B 2h, %i'5 ) LaV 1 CeV. KH] Dupont1600 # 7 HT O AT i ME4T DTA ZE 8 Hr. FEPTH AR I S
K 5% 1H Micromeritics #4227 Autochem IT 2920 %W X . Ominstar PY 25T 45 o S Ik 74 v 4y
2545 — % He "W 20°C ORI JRUkE, 15 5% — 2% He “ULA G EN RN, RGTE R
250mL/min. {5 AL LA THAA R P T, THEIE A 10°C/min, THE X2 30~650°C . fEAL 7]
H4 0.4000g.
3. ZR 518
3 BINERE LY YMEERET

B 1~81 2 X A ) XRD YA Hra R, B BB IRE R A A L 2 R R 2
(K] XRD 1 % s b AEY SR (AT STEE,  hBEm] L, N0 P i DR b WD AR A7 BB R g 32 L A5 5 i el o
FEARIINR SR CRED MWIH . MRIER R 45 R T LA X S A ik S iy Cr e A e b

YD) 43 CeVO, Al LaVOy.

picd

10~—~L 1 l«ll _Sﬁ.hﬁ}in Lm

20 /()

B 1 CevRERBEAMHIYIFE
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= Lavo,

50 60 70

10 2'0 3
20/ )

B 2 LaVv W& B A D9+ Bl
T AR 508 658~690°C[13], M ZEF M4l AT LI H, LaVv Al CeV 7E 400~1200°C 1345
JE AR AR AR g, i CeVO, FIl LaVO, 145 s R &
2B FE LT HE L TERMER

PN B LRI T 45 R W, B P PRI T 10 A ST eIy 1 P o B 5 e AL L AT T 2
IVE 1410 FEARAR VoOs S MS AU I BR T LAAE IR i S Ak,  BEWYRRL L SO, TSNS, V.05 A 5
PoL st I LU LB AP AR, 2 iR 2 5 b, R EERA R A LE
RIS PE, K E R R . B 3~4 4304 CeVO4sy LaVO, FIFR T FHIRIE JRSE B 25 0, I 1541 A ik
) V05 FIEE <5 @ a2 LK) TPR 45 34T 170 b e S I sz g 45 RAEAT T 70 W dth 5, AN [t 2
RSN PRV T AR AER 1

0.55

0.50 - Chi"2DoF  5.74475E-6

RY2 099844 —— CeVO,
4

0.45 4 )

Peak Area Center Width Height D — VZO5

1 1.9121 680.39 95.094 0.016043 CeO

2 7.8584 758.87 57.666 0.10873 2

0354 3 7.9057 806.18 45.117 0.13981

0.30 - VYoffset

0.40

TCDfi %

0.25 4
0.20
0.15 4
0.10
0.05

0.00

-0.05

T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000
i/ C

B 3 Ce. VEAEMNDE TPR £H
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0.55

0.50 Chi*2DoF  1.03937E-5
R'2 0.99543 ——Lavo,

0'45'_ Peak Area Center Width Height —V, 0,

0404 3.9081 661.91 150.05 0.020781 La,0,

1 2 12934 749.15 81843 012609
035+ 3 17894 807.03 35.597 0.040108

0.304 vYoffset=0

TCDAE 5

0.25 4
0.20-
0.15-
0.10-
0,05-
0.00-

0 200 400‘7&&_/%00 800 1000 1200
Bl 4 La. VESEMADIN TPR 558
# 1 MR FRERE LY TPR & R KIS

Rt SRR T R RE F I i e ThI A

(ELER@sY i ii iii iv
V,05 4.08 65206 2258 679.78 4.050 78643 1139  850.71  15.79
LaVO, 1.98 661.91  3.908 749.40 1293  807.03  1.789
CeVO, 1.87 680.39 1912 75887 7.858  806.18  7.906

H R THI L SR 5 R AT LAE Y, XU i 25 S8 ) 38 SR T Ga T KA T V205 FIER — 8 4
IR SRR 2 1) . Hor Ce™'\ La® e S B 4c F FIEAA S Ho SRS, B0 4 040 54 ik
HEENWE, MR MR ST Va0s. BEIEMEAC R AL R, i R X B8 g b )
G50, SRR TR S A A IR 5 S N FRITE AL RERE K o R AN [ B it 1) FE 00 T AR AT DA S b vt
SR R IR RE SR T RAF L T BB CeVO, AL TR 1.98 4, T Ce¥ E s 41 PR
MEREIE SR, B AT VAR TPR AR BT 434 SR $1043.02 4o 18] 5 g3k J5UR X —FE S i) XRD Y153 #r 4
Ko
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= CeVO,
+ CeO,

20 25 30 35 40 45 50 55 60 65 70

&l 5 Ce. VEAEMNYIERSRWAHE

HER L, Cev V EAAMMIEF S IIPHIES CeVOs +or 8, BRI CeO, IAFAE DL
T Ce"' 5 Ce¥ RRHRMERIE R . 75 CeVO, IIEJEF*H) CeVOs 1, BLIIMNAN+3 #r. LaVO, 55 CeVO,
[f) TPR &5 RAHIT, A3 o 20T At i I A 4 +3.13, XRD YIAH 5 0T 45 S B LA S =4
LaVOs, PN ASFIREN+3 o REBRM ML, —F A0 = AN [RINGE DX IR (030 J 06 T AR A7 A — i 2
B, BT S CeVO, PP AERIL S, SRS EETE AR, 76 800°C UL EA REHIE IS ks £ 0 X
BLZE LU, 2 V05 5 Lay Ce IAULIARSS &, AT B 0 AU il S ok BRI

bR b, S AU LA PR AN FUBR Tk S 5 T, AFL R AT B OGO 1 B 4 3 B Wy 6
FRVRR B R S I8 P e AR A
33YEEH LA EN R R (TPSR-MS)

CeVOy4 Fll LaVO, 19 TPSR &5 - 43AHAL, I FErhmEwy o B CUbe Al Tl A5 5 (KA AR, 0 g
Wy PR b e FL R THT R AR SRR HEABAR S, 36 2 R8I T 3l ARG I 1) LaVOy I SN &5 3R, % 2
TSI T BEN FIFR CEEAE V,0s BRI MgsV,0s B S W85 R 5 2 AT e AR Bl ol UG Y, e
Wy FIER CUpEAE X4 8 B2 A e L S S = LU R =00 &, #008 T R B R . [ 7
FE— SR SN, AH RIS 1,3-T 4 A A 2] HoS 5 5124k, 1 Y Vo0s M, 1,3-T 4
(I e T R L i v, 3 R b 1 X S SR DA TR b3 I 48 5 T B 5157 E
R FIXA R, AR BT HoS MR PR SRR, PRIRAE =9 b KA 345 5 1 22 1k

METHIEAT LR H: 5 V,0s ML, 76 LaVO, Fil CeVOy, b MR, WEMY FIER CUGE (448 S N
W AT T, AERRT PR I P e A T VA T AR W S BRAIG, BEWIAE LaVO, Bl CeVO, LMEW FIFR b
(R S SRR 2 R e 52 AR, AE MgsVaOg LN, S MR = ) ) 85— AN T i 1555 WA e T3
#FHE T 100°C LA Lo (7= B e A SURMI FEME I TIAR LB i, 5 Va0 B4R, /& LaVO,

(K110 f5 LA Lo PIEON 7 S e - AL BEAR SR, e 1 i, Bk AL Zn 2 A
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La-Mg-V, BEWyFIIR CefE La-Mg-V _ER ROV 25 Ry 38 2 o R Bk, am T Mg 1% 810
% Eh La-Mg-V (1) [ S35 PE B S T LaVOy, 7 12 EWS 1) S S MR A IS A T MgsV, 05
K2 HOCHRAERENERBRESEMNYKRE M TPSR-MS 445

V,0s LaVO, Mg;V,0s La-Mg-V
W T SR e T AR e T30 B2 e THI A WA TR ESTEA U T i ESTEA
/'C /'C /C /°C
IROBE() 42486 -620E-10 48295  -236E-11  550.66  -8.78E-10 48574  -1.87E-10
Heki) 475.15 -1.10E-09 616.92 -3.83E-10 620.53 -6.89E-09 616.84 -2.01E-09

HERG) 627.36 -6.40E-09

WEWF(1) 423.78 -6.02E-10 434.77 -4.52E-11 552.08 -2.00E-10 453.23 -1.76E-10
WEWF(2) 472.06 -4.08E-10 600.27 -1.17E-09 538.93 -9.71E-10
13- 120 469.10 8.14E-12 473 .44 1.84E-11 608.37 1.56E-09 466.28 8.85E-10

ARy 508.64 5.51E-12

H, 615.29 5.84E-09 663.87 3.38E-09 617.64 5.78E-09 647.14 3.78E-09
H 1) 443.58 9.64E-12 445.06 1.08E-11 508.93 5.67E-11 457.84 1.15E-11
HEHQ2) 473.46 2.85E-11 478.47 2.20E-11 489.16 2.32E-11
# (D 42432 4.70E-10 440.84 7.76E-12 549.57 1.23E-09 445.75 7.15E-11
* (2 476.35 1.30E-09 480.02 1.74E-11 618.40 5.67E-09 488.37 1.05E-10
H,0 (1) 424.54 2.51E-09 449.63 1.16E-11 553.88 2.71E-09 522.82 4.06E-10
H,0 (2) 472.30 3.41E-09 496.81 1.49E-10
SO, (1) 421.12 2.31E-10 42821 5.43E-12 528.62 6.11E-11 49031 4.85E-11
SO, (2) 481.74 1.87E-11 549.85 6.83E-11 465.63 1.79E-11
Co (1 421.88 1.30E-09 435.56 3.27E-11 520.72 1.78E-11 489.02 8.10E-10
Co (2 468.74 5.29E-10 538.85 4.64E-10 554.98 9.56E-11
CO, (D 423.07 1.97E-09 436.79 4.62E-11 538.06 1.48E-09 489.06 7.02E-10
CO, (D 471.61 1.48E-09 457.25 6.03E-11 549.46 3.13E-10 466.42 2.03E-10

3.5 W B & SITEM
B Jr s La-Mg-V A BB =, SRR S 00 2.0%I1 B0 VGO M JsUkk, FEELER & R
WOREE 52 AMARIEAT T IOV PEREXT L. 32 3 th iR &N], SR, A La-Mg-V 14

AT ZAL I PEFEACAAR, 7= oA 5 28 AL IR, VOB & R R AIR T 67.2%.
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4. L5ik

i tot# Lay Ce ATLAY VIR s s E A ALY CeVO,s LaVOy, (HA AL I IE IR L T
s AR PE R B . TPSR-MS SERG 45 RN, 1 CeVO4 F LaVO, LMWy LUSEAK S oA, F e
DS N0 o BEWY 50 e AT A6 S Il BE SAIM A TH i, FEAR P Il S o R o e Al e e T R 22 1)
R, UEHITE LavVO, FIl CeVOy, FWEMy FIER CUbe 1 S W iV B 2 R D T 38 nmemy 1) S Mo 1k, 78
M LR S INT 8L, La-Mg-V _EBEW AL R e . H5 La-Mg-V I B FEGE AL A7) 24 P
FCC VUMn & #1187 67.2%.

®3 AT E R RAEE KR A

{E /f’t }fuéﬁ I'_jl 7= l,j V,0;5 Mg3V203 La-Mg-V
AT s R T 4.0 4.0 4.0 4.0

EEAT (@) /%

TR, 12.1 11.4 13.3 11.8
e 2.0 2.1 2.9 1.9
EI(Cst) 60.4 50.2 56.2 61.1
SE(221~343°C) 17.1 19.0 17.2 17.0
H(>343C) 8.4 17.3 10.4 8.2
Ak 2% /% 74.5 63.7 72.4 74.8

R & /ugg! 722.6 491.5 358.4 237.0

& X X

TP, AR P BRALIIIRTSE[T], 407774 1, 2007, 36(12): 836-838

FEAt, AEBeISE, [ P AMIE ARG B IR SCBUIR R[], Aol 78K 45 T FE, 2006, 36(3): 31-35

A. Humphries and C.W. Kuehler, Meeting clean fuels objectives with the FCC, NPRA annual meeting, March 26-28, 2003,
AM-03-57

A.A. Lappas, et al. The effect of catalyst properties on the in situ reduction of sulfur in FCC gasoline, Applied Catalysis A:
General, 2004 262(1): 3141

T. Myrstad, et al. Effect of nickel and vanadium on sulfur reduction of FCC naphtha, Applied Catalysis A: General 2000, 192(1):
299-305

Andersson S L T, Lundin S T, Jaras S, et al. App! Catal, 1984, 9(3): 317-323

Upson L L, Jaras S G. Metal Resistant Catalyst for Heavy Oil Cracking. in: NPRA Annual Meeting, 1982. AM-82-49

Occelli M L. in: 11 North American Meeting of the Catalysis Society, 1989. A03

Wormsbecher R F, Petrs A W, Maswlli ] M. J Catalysis, 1986, 100(2): 130-135

C.-Y. Li, S.-H. Yan, et al. Effect of vanadium on light olefins selectivity, Studies in surface science and catalysis, 134(3):133-139

63



S IUm A E R AR R S

2o

SRR T B BT G A A P SR R A R v PR BT P <L 0 A 70 e N B B S W (31, 27 AR (A
1),1999, 15(1):27-31

T T B AE P, VAR AR VBTG B S AL RO 5 N R R (0], BH/CAE L, 2007, 6(1): 60-64

Gemlins Handbuch der anorganischen Chemie. Springer-Verlag, Berlin. Vanadium [B]: 568

T, MBEE, HFETEE, AR R L AR WIS, A4S, 2005, 36 (7) :
41~45

R BH B, S 4 1, 7 AR A, SO LI A ) b A R AR A M S — PR M S SR A B 1 O PR AL MR e (R, i A 23R,
1998,19(6):542~545
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0A-12

LaMO;(M=Mn,Fe,Co,Ni)$5 5k & & £ 7 89 &l &

EEESRE R
AIEFE, DE, ETmw, Aab, 47
CHEARBE TR TSR, L 2002375 )

KR PR B, FRERELIALE, LaCoOs

.

KSR HLDTIETEHI# T 41 LaMOs(M=Mn,Fe,Co,Ni)fi:fk 7], b LaCoOs AL FIZELE B2 H bt
WA s W R B R A s AR e PE, 400°C B O, iR B AFEAk, SN 100 h JGiGTEAAL . Wik X}
LaCoO; A MIE I PERE LA R R N5y 7 4 T 8 T N Op R CHy 1) | N 205, A TE CHy fEALIALR
RS O 5 CHy I8 WK w0 B8, s WA Mars and van Krevelen HLEE o i 5 5 3 il & 11 7 =1
HEALFIPIE I i Co/Lay0s, 1E 700°C LA LI Al fi CH, K A4 AR A1 4 A Ak o

EI=g—N
A=

PR AR B e e, SLA S DA TF RO R RN I8 AT 2 A A ROR P R L
T[], SRR D EAEM N, ASCHI% T LaMOs(M=Mn,Fe,Co,Ni)F 40 [2]flELF], 5
TS TE, TS T T REM SOV ALEE[3].

LA E:

LaMOs(M=Mn,Fe,Co,Ni) {4, 711 R F LT ie ikl 46, R [  R S B 4 % %% 7 78 F e 5 24 1 fi
P R NPERE, NN CHA(50%)+ N (44%)+0(6%),  JB/ T4 R I8 2 (0 1% A0 BT 474000
KH X BT (XRD). BET. FEFTHEIER (H,-TPR). Mapping PL & XPS 25X Ak 71 () 45 1) Fl
AT TR E
FR511E:

il £ 1) LaMOs(M=Mn,Fe,Co,Ni)ff At 7], JHAT SR ES RN G500 o AR AL R b A e fbe AL R A%
IR ERES T 1, AW ATE H LaCoOs I H S5 i TG 1, 71 400°C I O, 18 24464k, I HAE 400°C
SV 100h Ji, MEARFIITE R FEAAL CRAID . REETh R R NV, 78 400-700°C 115 Bl A A il
B CHy B FAL IR =4 (0 CO~ Hpy 5. i BRI 700°C J5, P 21 B 5 (1) Hy 71 CO 1A K.
750°C Jx N 45 Al JE AR LA J8 Co Al LayOs ITEAAEAE CRAID, 3X 0] BEE A A 5256 iR I IR S
MATEMAR, fEmi T 2B e 5 e

LaCoO; £ 800°C it )5, LaCoOs #5745y Co/LayOs, [AlH) Co/LayOs =AM A8 s o vty Mt 25 1)
Frre X TIEIR T3] Co/LayOs, <)@ Co YA A fE LayOs AHH (K] 2), T LayOs [ BRHIE F 1T v
ARAEHEEEE . ERJET Co/La0s 1T LI O, FH AN A LaCoOs(ARF ), H I Ak 57 1 7% 12

*[H 863 k] (2011AA03A406) HlHARRIEKLS (21171055)

TR A Tel: 021 64253703, Email: yunguo@ecust.edu.cn
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e A T B

X} LaCoOs b HGEfAIABE IR S N3N J) 2 9C R W, TER NP & A sk B BE (50%CH,) 38
RAGREFRE (1%CH) T, RSN IR 0, FHE NV ZEA 0.67, {E 350 F] 450°C [AI6 LY.
ARG AL RE N 123KT/mol.

LanOS 104 —®LaCoO3 —— t:gggg 7
—LaNios —e—LaFe03 i —&—LaMnO3 ]
\ — t:yggaa LaMnO3 ;| —v—LaNiO3 Y
J\ J L L AA " " 08+ LaNio3 I |
| 4 ‘
3 § o6 z ‘\
S |
= \ g £ ‘
Non A A — H
g 04 <. |
£ & T |
|
0.2 |
| es”
0.0 e
(b) (a) ©)
T T T T T T T T
0 100 200 300 400 500 600 700 800 900

T T T T T T T T T T
30 60 0 100 200 300 400 500 600 700 800 900

2-theta Temperature(°C) Temperature(°C)

Bl 1 LaMO; XRD %[ (a), AALFIERED), B9 H, ™= AE KB (c)

——LaCo03 1.0

—®—LaCo03
—@— LaCoO3-after reduction
—A— Co/La203-after oxidation

Intensity(a.u.)
O,-conversion

T T T T T T T T T T T T
0 200 400 600 800 1000 0 100 200 300 400 500 600 700 800 900

Temperature(°C) Temperature(°C)

& 2LaCoOs; 4L H-TPR, RMNIFEHAZERBHKITES M (5 Co, 414 La)

ANTAL R BE IR (500-800°C) CHy Wk S5 i 45 SR W],  BEAE Wk b A 59 0, CH, Wi Ty, Ik 2|
ST CRAHD . RIS [N 73 BiI4E 400°C, 500°C, 600°C KM 100 h &, #E LaCoOs #4673 M A 45
AN, AH N JE AT A S d> (XPS SRAE, 45 RS . 4568124081, FIANAE LaCoO;
AT E, CHy SR T WA A R A2 O, BV 3 18 47F Mars and van Krevelen A1

DU Ji i fd Co/LayOs A AT, BEAT HUBE i SR, T4 IR BH 211 Ha 7242 GRS, 1 AH [+
HLE T LaCoOs; FIARKIIEING . X UL CHy fEI8 )R] Co/La 05 EA] = /E Hyo BRIAE R
it 2R Ik 700°C 1, CH, I B350 AR 73 48 A0 2 30T R AR 21K Hy Fi CO (1774
é:lél:'lo/l’::

P IE 281 46 A5 4K 7 LaMOs(M=Mn,Fe,Co Ni)fi: 4k 571, L LaCoOs 7EME 2 CH, RN
HER L R s TR RS e PE, 7E 400°C B Oy IB B A HE4k, 4LV 100h JE3E A, LaCoO; £id
A UG AT 625y Co/LayOs, 1T /INBRLIG BT Co (AFEAE, AR FIGILs, Mimdem 74k
Wt 75 CHy ik AR, CHy BRBEN S S AHLEE AT 8 Mars and van Krevelen HLEE . 765 T LaCoOs
it Ji 42 Co/Lay O3, CHy M ELFE 3 R A 73 A 20 T RN A K& ) Hy 1 CO IAE K.

2% 3Rk
[1] Jesse D, Maddaloni N, Andrew M. International Journal of Hydrogen Energy, 2006, 8: 280

[2]Pena M A, Fierro J L G. Chem. Rev. 101 (2001) 1981-2018.
[3] Han Y F, Chen L W, Widjaja E, Chilukoti S, Surjami I K, Chen J S. J. Catal, 2008, 253:261

-
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0A-13

710,-Ce0, B FLIKFL TRl : =1k S bz A &= R H & Pt =38 1L 7
M RER ST

TRAE T, TR Y, RARERD, AP, kiE©
bRt B AR AL E &R, JEaT 100044;
O b TR EREE B B TR, JERT 100124;
AR RSP P R, dEat 100083)

KEER: Zr0,-CeO, ZALIMER, # Pt =AMEALA], A S Bkl e, ALk RE

UTAESR, Bl 45 VO R A HEOhR Y ) 25T, B v — R A0 e Rl oy 2 S g ) 8 T,
BERPRL T A Ce™'/Ce ™ AL IO TERE, T LURAE S A R 7T 11, DRI 1T B A A 350 90 T B R
Ay HUE, ESERR Ta, RS I EE 1000 CLLLE, T4k CeO, 7E 850 CINMH L K /Ekess, T
BB 2 PR BE R AL SR RE ) RORIEAS, BRI FRAIC T AL RS 1tk o WIFCRNT, Ze ST LLER
CeO, 1 it A e AR It e, BEIT W) W mfE A e e, DRI, i [l AR B A 20 41 R RIFT
PO AR EA R R T CeO, BRI Zr0, 2 ALERFEWORL, I LU Wk ik 73k Pt 15
SREAR ], WEST T R AR A B R U AR AL R BE
2. 3K WA

1.1 Zr0,-CeO, % FLEK 2 B duL &l &

Pie s Rl 25 wit% ) ZrOCly8H,0 A CeCly7TH,0 VR AW, Ce™'/Ze BEIREL N 12%. RIS I
AP B, RN EARIE A K Zr0,-CeO, IR . BISETTH NH; <0, 8T NH; S E A
60 L/min, £ 55 857805 NH; SR, JTFHERSAMEE R, NI, T REL T RS, Ek
(RIVCTE POk WA B R SR, ARG AL 72 ho XTSRRI RTIRIEEAT 3 I/KVE. 2 WEEvES,

AT AR AT 6 min, 2RJ5 20 HIAE 550, 700+ 1000 C 4552 2 ho

T OEFAREREEES (51272025, 51072022) HEEhIH
OB R A
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1.2 Zr0,-CeO, & Pt 1L 7 &l &%

K ARIR iR 3R 4@ Pt A HoPtCle6H,O 1E 4 Pt Y5, Pt Fudkim WaRAAN 1 wt%. ¥4l
— AR AR TN T, NN 2K AE 2 W Uik A, e sk BT FH 280K AR Vo, SRJEHS Vo
S B ZE K AR SR, R S R VAR 5 Bl — 5 R R IR A TR R 12 h, 2B 7
50 ‘C N1, METJ57E 500 'C FM&EE 2 h, BIn[733) Pt/ZrO,-CeO, 4 =24k 7 AE i o
1.3 #MRRMESELTIMERE SN

{§i i} ZEISS SUPRA 55 R F14i i 7 fBi (SEM). JEOL JEM-2100 HUE N o7 21s: (TEMD Xf
PERIEATIES . A s f 0 >Rl BRUKER D8 ADVANCE %! X SR AT (XRD) #EATHIH
YeE, MRRAAE N Cufl, Hj: 40 mA, HHEEH (20): 10-80°, F#i2PK: 0.02°, FFH)E: 5°/min,

AT L2 2R3 AT BR 2 7277 (1) FineSorb3010 FUFE P TR IA J5Uke B (TPR) WFFUfE LI GE, W
WA R AN Ny NS Hy, iR FEi—600°C, FHEHE A 2 “C/min, #AARIHE A 10 ml/min,
FE& TR A 50 mg.

A4 TSIz 50 % A I =oAL R (TWCD HEATE REVEN AT FTHI & (A0 7 B UL BEPE e, A4
PEHy: SRR A NO, 97 ml/min, CO 145 ml/min, HC 263 ml/min, O, 200 ml/min, H, 22 ml/min, N, 510
ml/min, FE5 B 0.5g, Z5H4 60000 hs

3ERSWE

2.1 Zr0»-CeO, % FLEK T2 T hL & 2 Pt f& 1L 77 BY R AE

B 1R B AL R RN 1000 C AR I # 1) CeO, 2% Zr0, 2 FLER B UR B . Kids 2 A 14
LK XRD EARSM TS5 R o W RAE B, ZrO,-CeO, FEMMERTE LR LF HERRMDGHT, MITRRS S R v & H
B AL (Fig. 2(a)) siHp 284k RSP ERi2 K 1.82 pm; 6F XRD 0% 4347 ol A% &b S AH 4 DU 77 ZrO,,
XL Ce LR T Hidls Zr TURALEHEANDNTT ZrO, S o [FIFE, 550 “CHI 700 CIRBAERT: i IO TE S A
5 1000 CHBEREMAIL,  Rif2 55124 2.25 um A1 2.09 pm.

Percentage/%
Intensity/a.u.

o 10 15 20 5 3

2 0 50 60
Diameter/um 2 Theta/ degree

™ 4 <
Fig.1 (2)1000 CHxIEIRTHI] ZrO,-CeO, 2 FLERTERURL A (b) FN UKL SEM 5, LA R () kA At & Al
(d)XRD i
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B 2(a)>h 1000 CHELERE il 712K 428 Pt IS 1) TEM HE A, o] LU H Bk P R b K R RT oz [] £ A
AL, RO TR A SR oK/ INURE R 7 B < P BURL . [JRE 550 C A 700 CHBFEFE T 11858 Pt 5 Y
TEM [ 755 1000 CHRRert St AR

Kl 2(b) s Pt/ZrO,-CeO, — AL ) TPR MIALE A . A TPR Mg v LU, BB s th 247 = A
I, 121.19 CUEN PtO, [FIE S5, VESRIERR, WEWIMALRITh &4 Ptoc 3, Pt O Sk B4 4
s 463.54 "CHI 507.12 "CHMIk Ce Mg R BUAMIE SR, Cet Bk R 2] Ce™,  th T4l b ik i i
AEENERE, BRI, 2 RIVAE S A TR B ARSI, T RGE 5 .

MR TPR I i i 28 ] A5 H PY/Zr0,-CeO, flEALH 428 Pt (14> B0 D

ZVH

p o TEftN&E LAt GR o ET® _ 7g
FE N B8 ro R TE W3 o

MPt

(1)
X, VH (mL) FoRFEAHFE Hy U RARL, MPt 2 Pt (RAHN TR, W ok Pt/ ZrO,-CeO,
EALFIRESL TR (g), P OAHEALAIT Pt )i 73 4
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TAZFEA LR IREOR . SRR RS, A5 Bt Pt (K120 U AP P El. 1000 “CHBea i B AL
AT ebeitd BE R, SEULRIMA TR 5T R Pt HUE R %, UM Ce A EMERZE, AN
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@
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Table 1 = FHEALF 2 CO. HC Fll NO, SAR IR %] Lk

CO HC NOy
FE B
i To | Tso | Too | To | Tso Too To Tso | Too
0iYE-S

(C) | (C) | (T) [ (C)] (T) | (T) | (C) | (C) | (C)
550 °C | 200 | 260 | >400 | 220 | >400 | >400 | 140 | 270 | 330

700 C 140 | 230 | 380 | 180 | 330 | >400 | 120 | 225 | 280

1000 'C 140 | 270 | >400 | 240 | >400 | >400 | 140 | 285 | 318

Fidis To RO T URFAL L, Tso R UIREAL T 50%IN AIELIE s Too A UAEEAL T 90% ] I3
.

550 ‘CH1 1000 CHAERE dh DB HELL DS A A, DI HEALTERERITE S AR, XS T CO R HC
AN, 550 CHRBue i il AL A HE AL R AT 1000 C Ak th BRI REAL 71, X5 T NOL U
1000 “CHBEGE i 1l )l (A HE AL AR fHE A0 B3 AT T 550 “C A i B O HEAE ) e NO o =T Ui B 28 2 Bk
(K1, =AM HEL AN REAE 400 C AL e 2 ek, HC =M U LR, =R A% T HC A

CO £ 420 CHMIARER H5e 4 k.
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4.4

ASCRHFRUN AL N4 T 182 12% (BEIREL) CeO, 1) ZrO, ZALIRTERRL, Fvki - Brkitt:
H 1.82 pm, KPUTTAH ZrOso FEIZEEA E52E Pt G, X3 = b Mk BEREAT TR 9. it TPR
TRIE W] PY/Zr0,-CeO, T = 20fiAL 7% CO, HC M NOx LA —EW M BE 1, NIRRT,
BEAE 225-330 CHLZ LN LFREZ 50%[1 CO. HC Fl NOx 5 44k, I T RIFHRE RS
kRS HHETTSIE Pt EUEALE, 520 TSR, SR CeOy B2k i Bk R LA AL
SRR TT I BEA TR ADTIT,  DASRAS SE A HE AL BE A — AL A7) o

2 % X W

(2) K. Kenevey et al., Appl Catal B, 2001, 29: 93-101

(3) G. Z. Zhang et al., Chem Commun, 2010, 46: 457-459

@ BN, 28 W, XOIRSE, MAAEMES TR, 2011, 40(7): 1220-1224
(5) K. X. He, J. L. Sun, Y. F. Huan, J. Hu, D. X.Yang, J Rare Earth, 2010, 28(1): 59-63
(6) P. S. Lambrou, A. M. Efstathiou, J Catal, 2006, 240(2): 182-193

(7) L. Cai, M. Zhao, Z. Pi, M. C. Gong, Y. Q. Chen, Chinese J Catal, 2008, 29(2): 108-112

(8) P. Fornasiero, J. Kaspar, T. Montini, et al., ] Mol Catal A: Chem, 2003, 204-205: 683-691
(9) H. Zhang, H. Lu, Y.W. Zhu, F. Li, et al., Powder Technol, 2012, 227: 9-16
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BT ERE LattEsy TS-1 BT ZBILFE L

Rk %0, R, AAFE
Ct FRFBE 22 PN AL 2 BT 9T BT 3 5 S IR PR AL B R S SEIG ==, 250 730000
briE RSB, dEET 100049)

KRR B4, TS-1, T IR

T SR K B BRI FEEE, W 48 La #5I NRIALSr 10 TS-1 E 284 it . Ehiemy
P TVE R I SR K IAE BIELE SN La (RIS T Ti ZEAS 7 48, Bk TS-1 % T @ ER
AL S I REAG IS TR . B PTRBUEAT, La BAUT TS-1 WA MIES > Si, MTHEA TS-1 #A¢H 5
W Ti o R AR AR . BAN, 484N La-OH Al Si-OH & B4, 2 TS-1 (KR R 5 .
XL FEALHE T Ho0p 25 ISR N, 17 308 51 T HaO, I FIR F %6 . Z PR AETF-BL(XRD, FT-IR,
XPS %) ZiR L], EE La (4-8 wt%) 1M TS-1 BB TS-1 47 T IR S N AL R
1. §IE

AR R, #E e BRI La 3 4H T840 68 A sk 22 /LA #L 1. Capel-Sanchez et al. * 38
IR BTE S K La-TS-1, K4 La # 58 TFAAARINTCVE 5 & 2 WS PEH AR AR, TS-1 AREAL T
PEH BRI E . BT Lo’ 0B R KT SiYA T, KR TS-1 H 28N 51 La S0 N HfE. A7
IRINE AT B — AMRUF R, B JRA KA B, La #3518 MCM-48 /4L -0 o >
La-MCM-48 XJ 7K LRI A SN ATV 51 B4 N La-OOH & SAT IR K OCHK. Ji4h, i A 4l B A7 A
THWAAEZ SUR AR A H 8 TR BOE R -5, NIl A At il RS2 5 N4 La
WA ROTEZ
2. KEERS

TS-1 (14 BT 2 8 Thangaraj et al. I 3CHk

L FRE B La-TS-1 #2384 xLa-TS-1(U) (x A LayOs FT & 14351, x=0.5,4, 8 fl 12)
HARK G BBy 485 mL 28 7K 1.00 g TS-1, S IIAGER La(NOs); K, #EH &0 Nz
W3 h JEAELLAMT R HERE LA T, T 120 CFg—1, B 550 CHRiE 6 he

JE AT K BE ) La-TS-1 3¢ 4 yLa-TS-1(I) (y & La,Os fJF & 1120 %, y=0.075,0.15 f1 0.5) . HAk
(& P SR IF) TS-1 8 G, AFZALAET La(NO3)s A1 Ti Y5 [R] i 4 55 1 P I
3. R 5i1iE
K HARRPEIE ST T A GE S 21133011)s [E K E LR IR R RIAHES . 2011CB201404)
IR R A songhl@licp.cas.cn, lichou@licp.cas.cn; Hiif: +86 931 4968066; f5EL: +86 931 496812
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AL TS-1, xLa-TS-1(U) (x=0.5, 4, 8 fll 12) Fll yLa-TS-1(I) (y=0.075, 0.15 and 0.5)%} T Ji3r %1k
SRR TS PE U 1 7R o TR SR KNG 7 vE Y, BEFE La &I, 20 70fh Si & REEAREF
AR, HTi S 2.92 wi% BRAEE 1.03 wt%. La (A5 IAFIE] T TS-1 %1 T S FRA Ak SN AL
e M La FEIEEE 0.5 wt%, LIHRERLEE (VO =i, H0, FAb R AR E A BT PR AR
A EDNEY, B4 La S w8, TS-1 1 Ti S EEEARBAECE, 5 Si M 96.71 w4
87.56 wt%. i AN T I N[ La 76— FERE B4R T TS-1 X T B A AL . 4 La 15500 4-8
W%, AT (A P RE S R - VO I3 f ik 2 0.53 mol/L; HyO, I AL SR ANF FH R 40 ik 93.31 %
F195.29 %,

F 1T IEIREALAE TS-1, xLa-TS-1(U) (x=0.5, 4, 8, 12) , yLa-TS-1(I) (y=0.075, 0.15, 0.5)f#: 1k 51 L1
NV TERE (SO 44T 35 °C; 60 min; T 4, 0.15 MPa; H,0, (40 wt %), 0.55 mol/L; cat., 0.20 g; CH;0H,
25.00 mL.).

Si0,  TiO, La0;  Yvo 0, Un0,
Catalyst (Wi%)  (Wi%) (wi%)  (mol/L) %) %) TON
TS-1 97.08 2.92 - 0.42 83.3 76.5 978
0.075La-TS-1(I) 97.75 2.21 0.04 0.39 75.2 70.3 898
0.15La-TS-1(I) 98.21 1.72 0.07 0.36 72.3 65.21 831
0.5La-TS-1(I) 98.78 1.03 0.19 0.22 41.3 39.8 6
0.5La-TS-1(U) 96.71 2.80 0.50 0.46 89.4 84.4 1079
4La-TS-1(U) 93.09 2.93 3.98 0.51 933 92.9 1188
8La-TS-1(U) 90.37 2.82 6.81 0.53 89.9 95.3 1219
12La-TS-1(U) 87.56 2.69 9.75 0.47 82.1 85.9 1098
T WO REOET NG La % TS-1 f 44 0
Wi, FeAi 1% xLa-TS-1(U) (x=0, 0.5, 4, 8, 12)#47 T NH3-TPD / ™ _ 1 LaTS1 )
FAE (B 1 PR o SRR AT 5 B AT // N i@
RBABUEN TS-1 #h, B2 g R BT =2 [
. B La 5] N HLAGE B IN, K747 200-300°C A /\\ 05 LaTS1 (V)
FiI SR ALEBT NS, FAME 550°C HTLE BN £ (138 /w;/
RRAL. S5RGBT 40 La-OHL SR, 17 (o
T/ °C

SRR IR IS B T2 La B4 Si gEA TS-1 BHHEAH, &
BRI Si-OH & & 1IN o A 772 1 R P 1) 388 A7 ) T
H,0, Wik, AT s 1 H T I PR s o (R R
RESRAE 5y — 7 TR BRI SR 2B o DRI AT I ) La 4 TS-1 M R et

O3 3 I ST K P SR R PR BRI La TN TS-1 548 . erpil Ayt i Rk m T3
1K TS-1 (R THIRYE . 75 4ME T 2RI R TF B (XRD, FT-IR, XPS 25) , FRATTFEAIST T H A2 b5

1 xLa-TS-1(U)(x=0, 0.5, 4, 8 and 12)f]
NH5-TPD K&
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PTG B B8N La t5 TS-1 i ke Ti AR AR 750 24 La S8R 4-8 wt%lI, TS-1 %7 —
I A IR A T A AT 5
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CWAREER N #Hd%, i+, xinjiayingvip@163.com
75



FUm e ER AR S B SR

2. E 5y

2.1 WS

H A UV-2550 o] WA Y66 EEE;  HAH S F-7000FL220-240V %% Y6654, Sigma 247 Z-16K
A R B O L. Diaion HP-20 KLU B AEFI C18 [EIAHAHUAEN T3¢ E Supelco Awl; FIIEE B
Methylosinus trichosporium IMV 3011 Ik & iR 7 BE AL ST FE £l NMS 5578 3644 22 SCRR[S Ll -

22 SR

Mb ()4 4% SCRR[S T VA RS 77 I AL TR « 275 SCIR(3,611077 10, # KRR 4 °C 4 AT Z-16K
A VR SO HL(Sigma A F])9000 r/min B0 H FIE . FIE R 3028 W B2 A8 F 7&K ) Diaion HP-20
KALEW I (3£ Supelco 24 H], 1.1 cmx80 cm JZHTAE)BEATWME, 73l HT 2 5 AR ALK 30% 4,
WEVER R 2R 122 0T, 15 60% L BEBE BB (1) Mb. SEIRZBNTRR CREIS | C18 [ A AU

(3£ Supelco 22 F]), 28 10 AR 2B T /K Pele B £ RBOR M 24 B, FH 60% SIEUEH ™4, 60 C

T 78 R I AV R TR AS LB AR Mb.

KA O E IR IR Mb ¥R NS 1.0 107 M (W &R, 8] NaOH 15 pH5.0 /=
Hiy SEATRA G N I 8 BN R TR B RN, RERR 8 I TR EUORERR RS 10 £ S5 A A Bt
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3EREWR
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(ID 8% Au(IIDECA7 454 - Mb 454 Cu (ID A1 Au (ID §i Ji5 (5 66 an i 3 B . SKH H A H 37 F-7000
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Synthesis of Pd@CeO,-doped ZrO, core/shell catalyst with high CO

oxidation activity and a profound investigation of the mechanism

Miao Wang, Guangxi Wei, Hang Li, Jiaojiao Tang, Meiqing Shen*

Key Laboratory for Green Chemical Technology of State Education Ministry, School of Chemical Engineering&
Technology, Tianjin UniVersity, Tianjin 300072, PR China, State Key Laboratory of Engines,
TianjinUniVersity, Tianjin 300072, PR China, and China AutomotiVe Technology & ResearchCenter,

Tianjin 300162, PR China

Abstract

Pd@CeO, catalyst was facilely synthesized by a seed-mediated hydrothermal method, which exhibiting higher CO oxidation
activity than the conventionally impregnated Pd/CeO, catalyst. Interestingly, only doping a small amount of ZrO, (0.5%) on the
as-synthesized core/shell structure could have a significant improvement on the activity of CO oxidation. Based on the CO
oxidation reaction and the corresponding characterizations, mechanism for the high CO oxidation activity was explored.
Specifically, the reason for high CO oxidation activity of Pd@CeO, could be mainly ascribed to the weaker interaction between
Pd core and CeO; shell than that of the Pd/CeO, sample. Moreover, due to the presence of crystal defects in the Pd@CeO, sample,
doping ZrO, on the Pd@CeO, sample led to the formation of Ce-Zr solid solution, which led to improvement of CO oxidation

activity, while no Ce-Zr solid solution was formed for the Pd/CeO, sample.
Introduction

Core-shell nanostructures are nanoparticles encapsulated and protected by an outer shell that isolates the nanoparticles and
prevents their migration and coalescence during the catalytic reactions'. Due to this unique structure, Pd@CeO, core-shell
catalysts draw a lot of attentions when it comes to carbon monoxide (CO) and hydrocarbon (CH) oxidation because Pd/CeO,
catalysts exhibit good activity for catalyzing oxidation of CO and CH, and the sintering of precious metal is a big challenge faced
by conventional catalyst®. Initially, Cargnello, et al. synthesized durable Pd@CeO, catalyst by using a facile microemulsion
procedure, but the catalytic activity was rather poor as the shell was blocked and chemical species were not allow free access from
outside to the core’. Recently, they successfully synthesizedself-assembled Pd@CeO, and supported it on hydrophobic Al,Os,
although the procedure was complex, the catalyst exhibited excellent activity and durability toward CH, oxidation.* Thus,
increasing modification is needed for optimizing the Pd@CeO, And when it comes to optimize the Pd@CeO, nanostructure for
catalyzing, understanding the interaction between Pd and CeO, and their respective nanostructure is badly necessary as high
catalytic activity of the Pd@CeO, catalyst was always attributed to maximizing interaction between Pd and CeO,. However, little
profound research had been conducted, which might stem from the complexity of oxidation reaction or the structure of core-shell
nanostructure.

In this work, we reported a facilely synthesis of Pd@CeO, catalyst by hydrothermal method, which exhibiting higher CO
oxidation activity than that the conventionally impregnated Pd/CeQ, catalyst. Interestingly, only a small amount of Zr doping on
the as-synthesized core-shell structure could have a significant improvement on the catalytic activity of CO oxidation. The results
coming from H,-TPR (Temperature programmed reduction) and CO-drift (Diffuse reflectance infrared Fourier transform
spectroscopy) is consistent with the CO oxidation catalytic performance and help throw light on the interaction between Pd and
CeO, over CO oxidation. Furthermore, XRD (X-ray diffusion) indicated the formation of Ce-Zr solid solution in the core/shell
sample while no Ce-Zr solid solution was formed in the supported sample. The difference could be ascribed to unique of CeO,
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shell in the core/shell sample. To our best knowledge, the interaction between Pd core and CeO, shell was firstly to be
investigated so profoundly, and the special CeO, shell in the Pd@CeO, sample worth further modification to achieve higher

catalytic activity.

Key word: Pd@CeO; nanostructure ~ ZrO, doping ~ CO oxidation

Experimental section

Samples preparation0.5% Pd@CeO, catalysts were synthesized by a seed-mediated hydrothermal method. Firstly, homogeneous
palladium seeds were synthesized by the alcohol reductionmethod.A mixture of Pd(NOs), solution, ethanol, and PVP solution
wasrefluxed at 363 K for 3 h. Then, a mixture solution of Ce(NOs);'6H,0, NH,(CH,)sCOOH and urea were dissolved in
deionized water completelyfollowed by addition of as-prepared noble metal Pd seed with the desired molar ratio. Themixture was
blended evenly and then transferred to a Teflon-lined stainless steel autoclave. The hydrothermal treatment was conducted at 363
K for 24 h. After that, the products were cooled at room temperature and separated by centrifugation and washed with deionized
water. Followed by a dry process at 333 K and calcination at 673 K for 2 h in air, the multicore@shell Pd@CeO, was
obtained.Forthe synthesis of Pd@CeO2-doped ZrO, nanostructure, the 0.5 wt % Zr loading was achieved by wet impregnation.
For the synthesis of 0.5% Pd/CeO, samples, CeO, was synthesized by coprecipitatation. Ce(NO3); solutions in distilled water
were added to ammonia under vigorous stirring and ending at pH ~9. The precipitator was deposited at 70 °C for 12 h. The
filtered precipitates were subsequently calcined at 773 K for 5 h to obtain CeO,powder.The Pd loading wasachieved by
impregnating CeO,mixed oxides with Pd(NO;); aqueous solution with 0.5 wt % Pd loading. And the Zr loading was achieved by
impregnating ZrO(NOs),aqueous solutions with 0.5 wt % Zr loading. The Pd/CeO,-doped ZrO, nanostructurewas obtained by a
co-impregnation of Zr and Pd. Both catalyst were separated, dried at 100°Covernight, and then calcined at500 °C for 5 h to

obtain the sample.

Characterizationand model reaction

The XRD patterns were acquired using X’Pert Pro diffractometeroperating at 30 kV and 30 mA withnickel-filtered Co Ka
radiation,at a 0.02° step size. Percentages of detected crystallites in sampleswere estimated by comparing the obtained XRD
patterns withthe monocomponents patterns of standardized crystallites inHIGHSCORE software database. Crystal sizes are
calculated by JADES.

BET surface areas were measured using N, adsorption with aQuantachrome NOVA 1200. Scanning electron microscopy
(SEM)of the samples coated with Auwas measured on a HITACHIS4800 field emission microscope. TEM and HR-TEM images
were obtained using a Philips Tecnai G*F20 system operating at 200kV.

In situ DRIFTS of COisothermal adsorption were performed on a NICOLET 6700 FTIRequipped with a commercial reaction
chamber (Thermofisher)at the resolution of 1 cm™. Ten scans were operated for each spectrum.Powder samples were purged in
20% O2/N2 balance from RTto 400 °C. The sample cell was then cooled to room temperature under N,. CO adsorption
measurements were conductedby introducing freshly mixed 50% CO/50%N2 balance to thechamber at room temperature for 30
minutes.The gas flow rate in all circumstances was 100 ml/min, and the tinyIR interference from gas molecules was subtracted.

H,-TPR was conducted using a Micromeritics AutoChem2910 analyzer with a U-tube containing 50 mg of sample.
Thecatalysts were first purged under 20%0,/N, (30 mL/min) at 400°C for 0.5 h and then cooled to room temperature. A flow of
10% Hy/Ar (30 mL/min) was switched into the system with thetemperature ramped from room temperature (RT) to 900 °C ata rate
of 10 °C /min.

In CO oxidation activity tests, 2.0 g catalyst (0.2 g of Pd/CeO,) wasmixed with quartz sand in a volume ratio of 1:9. The total
flow rateis 1 L/min, with the space velocity of 300,000 h™'. A NICOLET 380FT-IR equipped with a 2-m gas cell was used to
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detect the outlet concentrations of CO, CO, at 4 sintervals. IR spectra of the multiple gases were collected at thesame time. These
spectra were automatically quantified by comparingthem with the standardized spectra of diluted monocomponentgases at
different concentrations, which were already set intomathematical functions as a method file. Home-developed software, OMINIC,
TQ Analyst, and Macros Basic were connected toeffectuate the calculations. All results were obtained by running at least three

times.

Result and discussion

Figure 1. (a) TEM image of the original Pd colloid nanoparticles, (b) SEM image, (¢) TEM image and (d) HRTEM image of the as-synthesized

Pd core@CeO; shell nanostructure.

Figure la displays the well-dispersed 2-4 nm Pd nanoparticles that can be used as Pd core for synthesizing
Pd@CeOjnanostructure. No obvious aggregation of Pd nanoparticles can be contributed to the robust protection from PVP. With
the help of PVP and 6-Aminocaproic acid, which acting as a co-surfactant in the system, homogeneous Pd@CeO, have been
prepared (Figure 1b). Specifically, 6-Aminocaproic acid shows a special affinity to Ce(OH); and connects PVP with Ce(OH); to
obtain multicore@shell nanostructure. TEM image of the as-synthesized Pd@CeO, (Figure 1c) exhibits that the average diameter
of the as-prepared nanostructure is about 60-70 nm. To confirm the core/shell structure, HR-TEM (Figure 1d) shows the edge area
of Pd consists of only the CeO, phase. The fringe spacing of 0.313 and0.191 nm corresponds to the (111) and (220)
crystallographicplanes of CeO,, respectively; that of 0.225 nm can beascribed to the (111) facet of palladium. The inset of Figure
1d displays the selected area electron diffraction (SAED) pattern ofPd@CeO,, suggesting the sample has a
polycrystallinestructure,which is in accordance with the XRD result (Figure 2).It should be noted that the crystal facet of CeO,
shell around Pd core is (220), which is different from crystal facet (111) that mainly consists of CeO,.

TABLE 1: Structural and Textual Characterization of Catalysts

Sample Surface Area (m*/g) Crystalsizes (A)
Pd/CeO, 79 122
Pd@CeO, 90 110
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Pd/CeO,-doped ZrO, 69 139
Pd@CeO,-doped ZrO, 85 120

Lattice constants and crystal sizes are referred to CeO,; crystal size is calculated by the (111) plane; latticeconstant is based on the Jade program.
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Figure 2. XRD patternsfor Pd/CeO,, Pd@CeO,, Pd/CeO,-dopedZrO, and Pd@CeO,-doped ZrO, samples (a) with 26 from 10° to 90° and a step
length of 6°/min, and (b) with 26from 22° to 38° and a step length of 1°/min.

A summary of the physical properties of the Pd-ceria samples examined in this study is given in Table 1.Averagecrystallite
dimensions ofthe CeO, phase were calculated applying Scherrer’s equation to the(111) reflection. Although the BET surface areas
for samples Pd/CeO, and Pd@CeO, are similar, doping of ZrO, decreases the BET surface areas for both samples slightly. And
the corresponding crystal sizes for ZrO, doped samples increased slightly. The enlarging of crystal size might be caused by the
formation of Ce-Zr solid solution as Zr atoms might insert into the crystal of CeQO, in the calcinations process. A couple of Bragg
reflections are distinctly exhibited in the XRD pattern of the CeO,(Figure 2a). Similarly, no reflection related to Pd or PdO phase
could be observed on all samples due to the very low metal loading. Formation of CeO,-ZrO, solid solution cannot be
distinguished from Figure 2a too, because the little amount of ZrO, doping. Therefore, the step length was decrease from 6°/min
to 1°/min to further investigate the shift of peaks. Figure 2b shows the XRD results for the (111) and (200) crystal facets of all
samples, no further investigation for other XRD peaks because the higher of the diffraction angle, the weaker of the signal, and
the larger error would be brought in. Specifically, after doping of ZrO,, the peak of (111) crystal facet shifts from 28.794° to
28.815° and the peak of (200) crystal facet shifts from 33.299° to 33.341° for the core/shell sample. However, the peak of (111)
and (200) crystal facets for the supported samples have almost no shift due to the presence of error.Red shift indicated the doping
of element, which had smaller radium than the bulk element and easy to insert into the larger element. Therefore, the result clearly
shows that the formation of Ce-Zr solid solution in the core/shell sample while no Ce-Zr solid solution formed in the supported
sample. It is interesting that doping of the same amount of ZrO, (0.5%) into both the core/shell and the supported sample would
lead to such a big difference. I believe the difference stemming from the difference between preparation methods. In the formation
of Pd@CeO, sample, nucleation was initiated by the presence of homogeneous Pd seeds, and the CeO, crystal grew around the Pd
seed will inevitably get some defects in their crystal structure®, therefore, Zr atoms in the calcinations process would have a bigger
chance to insert into the crystal cell of CeO, to form the Ce-Zr solid solution. This is further confirmed by the XRD and TEM
analysis. TEM results showed that the crystal facets around the Pd core was the (220) crystal facet of CeO,, which shows weaker
intensity than that in the supported sample. Therefore, the high-energy crystal facets of the CeO, in the core/shell sample indeed
have more crystal defects than that in the supported one. Besides, the Pd@CeO, sample used to dope Zr was only calcinated at
400°C for 2h, while the CeO, synthesized by co-precipitation was calcinated on 500°C for 5h, it is very likely that the latter

condition lead to a more stable CeO, crystal, which gets much less chance for the Zr atoms to insert.
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Figure 3. CO-DRIFT for all samples (a) after reaction for 1minute, and (b) after reaction for 30minutes.

Groups of CO DRIFTS analyseswere carried out for the initial 0-30 minutes after the beginning of adsorption to study the
chemical evolution of the PdO,(0<x<1) species by studying the adsorptive state of CO on Pd*", Pd"!, and Pd’ sites, including atop,
bridge, or/and 3-fold types. To simplify the analysis, CO drift for 1 minute after adsorption (a), and that for 30 minutes after
adsorption (b) were analysized here. Specifically, CO adsorption after 1 minute represented the initial absorptive state of CO and
the CO adsorption after 30 minutes represented the balance state of CO absorption. Absorbance in 2137 cm™' (Figure 3a) and 2145
cm’! (Figure 3b) are attributed to CO-Pd>" and absorbance in 2086 cm™ (Figure 3a) and 2090 cm™ (Figure 3b) are attributed to
atop CO-Pd° respectively’. The CO adsorption shows that Pd species exist mostly as PdO for Pd/CeO, sample at the initial 1
minute (Figure 3a), while Pd and PdO both exist for Pd@CeO, sample (Figure 3a). Because the interaction between Pd and CeO,
is in the presence of Pd-O-Ce, therefore, the less metallic Pd, the stronger interaction between Pd and CeO,. Therefore, the Pd
species in PA@CeO, sample have weaker interaction with CeO, than Pd species in Pd/CeO, sample, which is consistent with the
H,-TPR result (Figure 4). The weaker Pd-CeO, interaction in Pd@CeO, sample than that in Pd/CeO, sample stemmed from the
differences between the two preparation methods. Thermal decomposition of Pd(NO;), in the preparation of Pd/CeO, sample
provides Pd atoms that have tighter contact with CeO, than Pd nanopaticles that had been used as seed in the hydrothermal
synthesis of Pd@CeO, sample. Besides, larger size of Pd nanoparticls (2-4 nm) in the Pd@CeO, sample than that (1-2 nm) in
the Pd/CeO, sample also lead to less contact surface between Pd and CeO,. With the increase of adsorption time, the PdO in both
samples have been gradually reduced to Pd. Finally, when the CO adsorption has reached balance as the adsorptive time increases
to 30 minutes, the PdO in Pd@CeO, sample has almost been reduced to Pd totally (Figure 3b), while there is still part of PdO
existing in the Pd/CeO, sample (Figure 3b). This indicates that the Pd species in Pd@CeO, sample are easier to be reduced by CO,
and also easier to absorb CO than Pd species in Pd/CeO, sample because the presence of more metallic Pd. Comparing samples
without doping of ZrO, and those doping of ZrO,, the CO adsorption for both Pd/CeO, and Pd@CeO, samples change little with
the doping of ZrO,. Therefore, the doping of ZrO, exhibits no influence on the adsorption state of CO on PdO, species.

[——PdiCe
—— PdiCe-Zr

- Pd@Ce-Zr
—pd@Ce

H, Consumption

50 100 150 200 250 300 as0 400
Temperature('C)

Figure 4. H,-TPR profiles of different samples.
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Redox properties of the catalysts are characterized by H,-TPR (Figure 4). The reduction peaks above 200 °C are dominated by
consumption of surface oxygen species associated with Pd®. Being different from the Pd supported CeO, samples, core/shell
samples have two reduction peaks below 200 °C. The first reduction peak can be attributed to the reduction of crystal phase PdO’,
which comes from the large size of Pd nanoparticls (2-4 nm). And the second reduction peak is caused by reduction of finely
dispersed PdO’, which exhibiting tighter interaction with CeO, than the crystal phase PdO.> The reduction temperatures for
Pd@CeO, and Pd@CeO,-doped ZrO, are lower than that for Pd/CeO, and Pd/CeO,-ZrO,, indicating the oxygen species
associated with Pd-CeQ, (ZrO,) interface in core shell samples is easier to be consumed than that in supported samples®. It is
widely accepted the oxygen species exist as Pd-O-Ce in the Pd-CeO, system, and lower reduction temperature in H,-TPR always
means the easier broken of the Pd-O-Ce bond and the easier release of the oxygen.loln other word, Pd species have weaker
interaction with CeO,, which has been explained in the discussion of CO drift. After doping of ZrO,, reduction temperature
decreases for both Pd/CeO, and Pd@CeO, samples. While the total OSC (oxygen storage capacity) for Pd/CeO, sample is almost
not changed after doping of ZrO,, the corresponding OSC for Pd@CeO, samples increases a lot after doping ZrO,, especially the
increase of intensity of first reduction peak. The difference comes from the formation of Ce-Zr solid solution in the core/shell
sample, which had been confirmed in the XRD results. Besides, the much more evident increase of OSC for the first peak than the
second peak in the core/shell sample might due to the larger interface between CeO2 and crystal PdO, which is larger than the
final dispersed PdO.

104 [——PdiCe

——Pd@Ce
Pd@Ce-Zr

|——PdiCe-zr |
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CO conversation
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0o
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Figure 5. Light-off curves for CO oxidation over different catalysts. Condition: 1 vol% CO, 5 vol% O, and balance N,, Flow rate: 1L/min

Compared with Pd/CeO, sample, Pd@CeO, shows higher CO oxidation under the same reaction condition. The presence of more
metallic Pd, which stemming from the weak interaction between Pd and CeO,, benefits the adsorption of CO can mainly explain
the higher CO oxidation activity. Though it is widely accepted that core/shell nanostructure shows high catalytic activity due to
maximizing interaction between core and shell'’, there are some difference for Pd-CeO, catalyst in CO oxidation. In the core/shell
sample, Pd species play duel roles in the CO oxidation: adsorbing CO and interacting with CeO, to accept active oxygen from
CeO;, in low reaction temperature. If the Pd species have too strong interaction with CeO,, they would be weak for adsorbing CO.
Therefore, a little weak interaction between Pd species and CeQ, is better for CO oxidation. However, the result for high CO
oxidation catalytic activity for Pd@CeO, sample than Pd/CeO, sample is complex. The Pd@CeO, sample shows increase of
catalytic activity after doping ZrO, while the catalytic activity for Pd/CeO,-doped ZrO, sample was almost the same as that for
Pd/CeO, sample. The result can be explained by the H)-TPR and XRD results. Due to the presence of crystal defects in the
Pd@CeO, sample, doping ZrO, on the Pd@CeO, sample led to the formation of Ce-Zr solid solution, which had been confirmed
by the XRD analysis. Also, the H,-TPR results showed the increase of the amount of active oxygen for the Pd@CeO,-doped ZrO,
sample due to the formation of Ce-Zr solid solution. However, no Ce-Zr solid solution was formed for the Pd/CeO,. In sum, by
modification of the CeO, shell to form Ce-Zr solid solution, the Pd@CeO,-doped ZrO, sample shows better CO oxidation activity
than the Pd/CeO,-doped ZrO,,
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Conclusion

Pd@CeO, catalyst was facilely synthesized by a seed-mediated hydrothermal method, which exhibiting higher CO oxidation
activity than the conventionally impregnated Pd/CeQ, catalyst. Interestingly, only doping a small amount of ZrO, (0.5%) on the
as-synthesized core/shell structure could have a significant improvement on the activity of CO oxidation. Based on the CO
oxidation reaction and the corresponding characterizations, mechanism for the high CO oxidation activity was explored.
Specifically, the reason for high CO oxidation activity of Pd@CeO, could be mainly ascribed to the weaker interaction between
Pd core and CeO, shell than that of the Pd/CeO, sample. Moreover, due to the presence of crystal defects in the Pd@CeO, sample,
doping ZrO, on the Pd@CeO, sample led to the formation of Ce-Zr solid solution, which led to improvement of CO oxidation

activity, while no Ce-Zr solid solution was formed for the Pd/CeO, sample.
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1 Introduction

During the past decades, low temperature catalytic oxidation of CO had attracted considerableattention
because it played an important role in the practical applications and academic studies incatalysis field, such as,
air-purification for respiratory, CO gas sensors,removing trace quantities of CO from the ambient air in sealed
cabins andpurification of hydrogen for proton-exchange fuel cells[1,2], etc. Among various heterogeneous
catalysts, noble metals catalysts(Pt, Pd, Rh, Ru, Au and Ag catalysts)showed excellent performance for
COoxidation at low temperature, especially Pd-based catalysts[3].

Attapulgite clay or palygorskite (PATP) was a kind of hydrated magnesium aluminum silicate nonmetallic
mineral [(Mg, Al, Fe)sSigO0(OH;)4nH,O] with commonly a lath or fibrous morphology[4]. The crystal
diameter was an average of 10-50 nm, with length ranging from several hundred nanometers to several
micrometers. Due toits unique structure, considerable textual property and superior physico-chemical
properties(surface area, pore volume and swelling capacity, etc), attapulgite was getting more andmore
attention[5]. In addition, Attapulgite was cheap and there was abundant resource ofit, and attapulgite could
endow the prepared compositematerials with the dimensional stability, thermostability and theproperty of
barrier. APT clay had been widely used as adsorbent, drilling fluids, paints, adhesive, catalyst and catalyst
support[6].

In our previous work, it was researched that the attapulgite clay (ATP) was purified by sodium
hexametaphosphate, and then ATP and PATP clay (ATP after purification) were used as a support for preparing
the Pd/ATP and Pd/PTAP catalysts.The catalytic activity of Pd/ATP and Pd/PATP catalyst for low-temperature
CO oxidation was investigated, and the results showed the PATP clay was more suitable support materials for

CO oxidation.The complete conversion temperature of Pd/PATP catalyst was about 60°C. The results showed

90



S IUm A E R AR R S

that the catalyst still have much space for improvement.

In order to improve the performance of Pd/PATP catalyst, a series of promoter (Fe, Cu and Ce) for
enhancing the activity were investigated. In this paper, PATP was used as support and a series of Pd-M/PATP
catalysts (M=Fe, Cu and Ce) were successfully prepared bydeposition-precipitation (DP) methodand applied to
low temperature CO oxidation. The catalysts were characterized by XRD, XPS andTEM in detailed.

2 Experimental
2.1 Attapulgite clay

The attapulgite clay ore (PATP clay), gray in color, was obtained from Jiangsu Xuyu Corp., and used
further purification by sodium hexametaphosphate.lts chemicalcomposition was 63.22~66.05% of SiO,,
6.68~8.03% of Al,03, 3.32~3.67% of MgO, 10.95~14.48% of Fe,03, 2.26~2.90% of TiO,, 3.03~3.21% of K,O
and5.93~6.36% of CaO.

2.2 Catalyst preparation

The Pd-xM/PATP catalyst ( M = Ce, Cu and Fe, x=M loading content) was prepared by the
deposition-precipitation (DP) method. 0.5 g PATP clay were firstly suspended in the mixture aqueous solution
of PA(NOs); and MNO;.Then 0.4 mol/L Na,COssolutions was graduallyadded into the above suspended
solution until the pH value ofthe mixed solution reached 9. After stirring for 2 h, the mixturewas filtered and
washed with distilled water. The resulting solidwas dried at 80°C for overnight and subsequently calcined for5
h. Pd loading content was 1.25%. Pd-Fe/PATP-R was further reduced at 100 °C for 1 hwith pure H; at a flow
rate of 30 ml/min.

2.3 Measurements of catalytic performance

Catalytic activity tests were performed in a continuous-flow fixed-bed microreactor. A glass tube with an
inner diameter of 6 cm was chosen as the reactor tube. About 300 mg catalyst power was placed into the tube.
The reaction gas mixture consists of 1% CO balanced with air was passed through the catalyst bed at a total
flow rate of 50ml'min™. A typical weigh hourly space velocity (WHSV) was 10000 ml-g"-h™". The composition
of the influent and effluent gas was detected with an online GC-78901I gas chromatograph equipped with a

thermal conductivity detector. The CO conversion was calculated based on the outletof CO:

([COJin— [COJour)

i % = x 100%
Conversion of CO% [COL. )

3 Results and discussion

3.1 XRD characterization
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Fig.1 XRD patterns of different catalysts: (a) PATP clay; (b) Pd-Fe/PATP; (c) Pd-Cu/PATP; (d)Pd-Ce/PATP.

Fig.1 showed the XRD patterns of a series of catalysts prepared by deposition-precipitation method. It was
clear that all of the samples contain the framework of PATP (a).The characteristic diffraction peaks of Pd
particles were not observed in all catalysts, whichindicated that Pd species were dispersed highly in the PATP
supports. However, the peaks of FeO(OH) appeared in Fig.1 (b), at 20=18.9° and 27.7°, respectively,
corresponding to the (002) and(301) faces.One sharp peaks at38.75°which was(111)crystalline plane of CuO
was observed from Fig.1 (c). As can be seen from Fig.1(d), the diffraction peak werearound 26=27.5 and 47.0,
which were attributed to (111) and (220) crystalline plane of CeO,. The promoter deposited on the surface of

PATP because of high loading, so the diffraction peak of promoter appeared in the XRD spectrum.

3.2 XPS characterization

The Pd-Fe/PATP, Pd-Cu/PATP and Pd-Ce/PATP catalyst were tested by XPS, and the results were shown
in Table 1 and Fig.2. The Pds,, spectrum of three catalysts showed only PdO, peaks at 337.7, 337.6 and 337.6
eV [7], which wasconsidered tobetheactivePdspeciesfor Pd-Fe/PATP, Pd-Cu/PATP and Pd-Ce/PATP catalyst.
The spectrum of Fe2p;,, Cu2ps;, and Ce3ds, showed peaks at 711.5, 935.3 and 885.5eV, respectively, which

was assigned to FeO(OH), CuO and CeO,. The result was same as the result of XRD.
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Fig.2 XPS peak ofPd and promoter.

Table 1 XPS data of Pd-Fe/PATP, Pd-Cu/PATPand Pd-Ce/PATP catalyst.

Pd3ds), promoter
Catalyst

B.E.(eV) [at]% element B.E.(eV) [at]%

Pd-Fe/PATP 337.7 0.28  Fe2psp 711.5 2.8
Pd-Cu/PATP 337.6 0.37  Cu2psp 935.5 3.5

Pd-Ce/PATP 337.6 0.43  Ce3dsp 882.0 1.32

3.3 TEM characterization

Fig.3 showed the TEM image of PATP, Pd-Fe/PATP catalyst, Pd-Cu/PATP catalyst and Pd-Ce/PATP
catalyst. The PATP (Fig.3 a) emerged as rods (orfibers) and dispersed very wellwith average diameter of about
10-40nm. And the fibers of APT clay had smooth surfaces. The fibers of APT clayattenuated and the surfaces of
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APT fibers became quite rough after Pd nanoparticles and promoters loading. The average diameter of Pd
nanoparticle was 1.2, 3.2 and 2.5nm, respectively, corresponding to Pd-Fe/PATP,Pd-Cuw/PATP and

Pd-Ce/PATP catalyst. It was clear to see from Fig.3 that the Pd dispersion of three catalystswas following:

Pd-Fe/PATP>Pd-Cu/PATP >Pd-Ce/PATP.

Fig.3 TEM image of PATP clay(a), Pd-Fe/PATP catalyst (b), Pd-Cu/PATP catalyst (c) and Pd-Ce/PATP

catalyst(d).

3.4 The effect of promoter types on CO catalytic oxidation
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Fig.4 The effect of promoter type on CO catalytic oxidation.

Fig.4showed the results of CO oxidation over Pd/PATP catalysts with various promoter types. These
results indicated that promoter typessignificantly affected the activity of Pd/PATP catalysts.The total
conversion temperaturewas25, 95 and40°C corresponding to the catalysts of Pd-Fe/PATP, Pd-Cu/PATP and
Pd-Ce/PATP catalyst. It was obvious that the addition of Fe could improve activity for CO oxidation. As we all
known, heterogeneous reaction occurred on the surface of catalyst and the surface composition was often
different from that in bulk.It was clear from Fig.3 that Pd-Fe/PATP catalyst had the highest Pd dispersion and
the mimimum Pd size. All of them were conducive to CO oxidation. Compared with Fig.4 and Fig.3,Pd
nanoparticles size was more important than Pd nanoparticles dispersion for catalyst activity.

4. Conclusions

A series of PATP supported Pd-M catalysts for CO oxidation at low temperature were prepared by
deposition-precipitation method. The results suggested that the Pd-Fe/PATP catalyst had superior activity on
CO low-temperature oxidation compared with Pd-Cu/PATP and Pd-Ce/PATP catalyst. The influence of Fe
content, calcination temperature and H; reduction on the activity of low temperature CO catalytic oxidation is
the next step work.
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Abstract: The nanorod LayK, 1CoO; perovskite complex oxide catalysts were synthesized by sol-gel
method using polyvinyl alcohol (PVA) as additive. These perovskite-type complex oxide catalysts were
characterized by the techniques of XRD, IR, BET and SEM. And the results showed that nanorods of
La;KCoO3 perovskite-type complex oxides calcined at 700 C for 4 h have been fabricated by sol-gel
method when the mass concentration of PVA was 4%. The catalytic oxidation of CO showed that the
LayK;xCoO; catalysts had high activity.LaCoO; nanorods exposed more {110} plane than LaCoO;
nanoparticles, which is beneficial to CO catalytic oxidation. LaCoO; nanorods had the best activity for the

oxidation of CO. At 200 °C,the CO conversion could reach 100%.

Keywords: Perovskite, Nanorod,Catalyst, Catalytic oxidation, CO

The diesel engines have been attracting much attention by the automobile industry in the world fortheir
lower fuel consumption, high economy benefit, lower upkeep cost, less emission of carbon dioxide (CO,), and
so on. But the application of diesel engines has been restricted because the exhaust gas emitted from diesel
engines makes harm to the human health and cause pollutions to the atmosphere. The main pollutants from
diesel engines are particulate matter (PM), carbon monoxide (CO), hydrocarbons (HC) and nitrogen oxides
(NOy). It has become a focus for the researchers to eliminate the pollutants emitted from diesel engines by

[1-3]

means of catalytic conversion Perovskite complex oxides have special crystal structures and

physicochemical properties, and they are usually used as the catalysts for the treatment of pollutants from diesel

(3] Nano-materials with special physicochemical properties have been attracting more and more

engines
attention in catalytic research field. Thus, it has a great theoretical significance for us to study the
nano-perovskite complex oxide catalysts for the oxidation of CO. In this paper, the La; ,K;CoO; perovskite
nanorod catalysts were prepared by sol-gel method using polyvinyl alcohol (PVA) as additive, and the influence
of different morphology on the CO catalytic oxidation activities were investigatedfor La; ;K,CoO3 perovskite

catalysts.

1 Experimental
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“Corresponding authors: E-mail: zhenzhao@cup.edu.cn

102



S IUm A E R AR R S

2.1 Catalyst preparation

The nitrates of La, K and Co were used as starting materials for obtaining an aqueous solution ofLa(NO3);,
KNO; and Co(NOs3), with given stoichiometry according to the specific molecular formula. A solution of citric
acid 100%in excess was chosen as a ligand, and the PVA solution with different concentration (2%, 4%, weight
percent ratio) were added in the solution of nitrates. The resulting solution was heated by constant stirring at
temperature of 80 ‘C for 10 h. Then, the wet gel was dried homogenously in a stream of air 120 ‘C for 12 h.
The dried power were well ground and heated in air at a rate of | ‘C/min in a muffle furnace to 400 ‘C and
kept this temperature for 2 h., and then heated to a selected temperature (700 C and 800 “C) and maintained
at this temperature for 4 h to obtain the catalysts. For comparison purpose, LaCoO; nanoparticles were
prepared by carbon nanotubes-templated method similar to that described in Ref. ).
2.1 Catalyst characterization

The BET specific surface areas were measured with linear parts of the BET plot of the N, isotherms, using
a Micromeritics ASAP 2010 analyzer. The crystal structure of the fresh samples were determined by a powder
X-ray diffractometer (Shimadzu XRD 6000), using Cu Ka(4 =0.154184 nm) radiation combined with Nickel
filter operating at 40 kV and 10 mA. The diffractometer data were recorded for 20values between 10 to 80°.
The patterns were compared with JCPDS reference data for phase identification. The crystal sizes were
determined with XRD data of the (111) reflection according to the Scherrer equation. The surface morphology
of catalyst was observed by SEM (S-4300, Japan).FT-IR absorbance spectra were obtained in the wave number
ranging from 6000 to400 cm’ via a FTS-3000 spectrophotometer manufactured by American Digilab company.
150 mg pellet was produced by pressing a mixture of each treated catalyst and KBr (1:100 weight ratio).
2.3 Catalytic activity measurement

The catalytic oxidation activities of the prepared samples were evaluated on a fixed-bed tubular quartz
system. The reaction temperature was controlled through a PID-regulation system based on the measurements
of a K-type thermocouple and varied from 200°C to 600°C. Reactant gases containing 10% O, and 0.2%
CObalanced with Hewere passed through the catalyst beds at a flow rate of 50 ml/min. The outlet gas
composition from the reactor was analyzed by an on-line gas chromatograph (GC). The GC used both a thermal
conductivity detector (TCD) and a flame ionization detector (FID) to analyze the components of gaseous
mixture. The FID was employed to determine CO and CO, concentrations after separating these gases over a

Porapak N column and converting them to methane over a Ni catalyst at 380°C.

2 Results and discussion

2.1 The La; 4\K4CoOs perovskite complex oxide catalysts were prepared by sol-gel method.
(1) The influence of PVA concentration

Fig. 1 gives the XRD patterns of the La; (K,CoO; catalysts calcined at 700°C for 4h, when the PVA
concentrations were 2% and 4%, respectively. The XRD patterns give several large peaks at 23.2°, 33°, 40.6°,
47.3°, 58.8° and 69.8°.It reveals that the complex oxides of La; K,CoO; possessed ABO; perovskite

structures'”. When the PVA concentration is 4%, the diffraction peaks of La; (K CoO; crystals become sharper.
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It indicates that La; K CoOs crystals have grown to some extent. The XRD patterns show that the chelation of
PVA intensively affects the form of perovskite structures. When the PVA concentration increases, the structure

of perovskite is more perfect because it leads to the enhancement of the chelation of PVA.
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Fig.1 X-ray diffraction patterns of La; \KCoOj catalysts(calcined 700°C for 4 h). 1.LaCoOs; 2.
Lao,95Ko.o5COO3; 3. La(),9K0.1COO3(2% PVA); 4. LaCoO;; 5. La0,95K0.05C003 N 6. Lao‘9K0‘1COO3(4% PVA)

1000 nm

Fig.2 SEM photographs of La; (K;CoOj catalysts (calcined 700 ‘C for 4 h). 1. LaCoOs; 2. Lag 95K 0sC00Os; 3.
La0‘9K0‘1CoO3; (2% PVA) 4. LaCoO3; 5. La0‘95K0,05CoO3 5 6. La0‘9K0,1CoO3; (4% PVA)

The surface morphology of La; \K,CoO; was observed by SEM, as shown in Fig. 2. SEM photographs of
La; 4\KxCoO; exhibit that the morphology of catalysts is nanoparticle when the PVA concentration is 2%. With
the increasing of PVA concentration to 4%, La; (K,CoOj3; nanoparticles disappeared and lots of nanorods were

formed. In the process of sol-gel reaction, the PVA firstly ionized and formed negative ions. The negative
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polymeric ions and La®*/K"/Co*"cations formed stable complexes. The difference of chelation abilities among
La’". K", Co*"and PVA leads to the anisotropies of crystal. The superficial energy gap of different crystal
planes increased, which is beneficial to the oriented growth of crystal. When the PVA concentration is 4%, it is
more beneficial for the production of perovskite nanorods.
(2) The influence of the calcination temperature

Fig. 3 gives the XRD patterns of the La; (KCoOj catalysts calcined at 700°Cand 800°C, respectively, as the
PVA concentration was 4%.The XRD patterns give several large peaks at 23.2°, 33°, 40.6°, 47.3°, 58.8° and
69.8°. It reveals that the complex oxides of La; \KCoO; possessed ABO; perovskite structures. The diffraction
peaks of La;K,CoOs crystal calcined at 800°C were become sharper than those of La;K;CoO; calcined

700°C. It means that the increase of calcinationtemperature is favorto the formation of perovskite structures.
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Fig.3 X-ray diffraction patterns of La; (K,CoOjs catalysts. 1. LaCoOs; 2. Lag 95K 0sC0Os; 3.
La0_9K0_1CoO3 ) (700 C 4 h) 4. LaCoO3; 5. La()_95K().()5COO3; 6. L30.9K0_1COO3; (800 C 4 h)

SEM photographs of La; (KiCoOs; samples are shown in Fig. 4.Compare with Fig. 2, the La;(K,CoO;
catalysts calcined at 800°C for 4h agglomerated partly, even forming the flake morphology. When calcination

temperature increased, the sinter among the nanorods leaded to the agglomeration of catalysts. It indicated that

the increase of calination temperature is unbeneficial to the forming of perovskite nanorods.

Fig.4 SEM photographs of La; ,K,CoOj; catalysts (calcined 800 “C for 4h, 4% PVA)

1. LaCoO3; 2. La0_95K0A05C003: 3. L3049K0.1C003
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Fig. 5 shows the IR spectra of La;(K,CoO; (x = 0, 0.05, 0.1) perovskite-type oxides as the PVA
concentration was 4%. There are three vibration bands, at 427, 558, and 602 cm'l, in the IR spectra of all
La; \KxCoO; samples. The vibration band at 427 cm’! belongs to the bending vibration of Co—O bonding in the
BOs octahedron, and the bands at 558 and 602 cm™ can be assigned to two kinds of Co—O bond stretching
vibration in the BOg octahedron 7' These results further prove that the complex oxides of La; K CoO;

possessed ABOj; perovskite-type structures. The IR results are consistent with the XRD analysis.

LaCo0,(700 °C)

La, K, ,.C00,(700 °C)

0.95 "0.05

La, K,,C00,(700 °C)

0.9 0.1

LaCo0,(800 °C)

~6(*) Lay oK, ,,C00,(800 °C
558 La, K, ,C00,(800 °C)

1 1 1
400 600 800 1000 1200
wavenumber/cm”

Absorbance/a.u

Fig.5 IR spectra of La; ,KCoO; and LaCoO; catalysts calcined at different temperatures.

2.2 The catalytic performances of La; \K,CoO3 complex oxides for CO oxidation

Fig. 6 gives the CO catalytic oxidation performances of the La;K,CoOj3 catalysts calcined 700°C for 4h
when PVA concentration is 4%.The LaCoO; catalyst exhibits the best catalytic activity on the CO catalytic
oxidation. At 200°C, the CO conversion of CO to CO; could reach 100%. When La’" in the La;K,CoOs
perovskite complex oxides was partly substituted by K, the catalytic activity of Lag oK ;CoO3 was higher than
that of Lag 95K 0sC0O3. When La’" at A-site is replaced by K, according to the principle of electron neutrality,
the reduction of the positive charge could be balanced either by the formation of higher oxidation state ion at
B-site or by the formation of oxygen vacancy. The formation of oxygen vacancy leads to the increase of surface
adsorbed oxygen. Observed from the results of BET in Table 1, Lag9Kq;CoOj5 catalyst had higher surface area
than that of Lag 95K 05C00;, which leads to the increase of surface adsorbed oxygen. The surface adsorbed
oxygen is beneficial for the catalytic oxidation of CO. Thus, Laj¢Kg;CoOj; catalyst has higher catalytic activity
than Lag ¢5Kg0sC00O5 catalyst. According to the results of BET, LaCoOj; catalyst had the highest surface area,
andit contains the most surface adsorbed oxygen. When La®" at A-site was replaced by lower valency cation K,
the symmetric of the structures of La; ,K\CoO; catalysts became more high, oppositely the catalytic activity

lowered down. Thus, the LaCoOs; catalyst had the best catalytic activity.

Table 1 The specific surface areas of the catalysts
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Catalyst (700°C, 4h)

Surface area (m?/g)

LaCoO; (nanorods)
Lag 95K .0sC0oO3 (nanorods)
Lag oKy ;CoO3 (nanorods)

LaCoO; (nanoparticles)

9.6
52
7.6
20.9

100

3

CO Converson/%

5

olLe

/_A7=‘—. o

/ Lag 95K0,05C003

LaCoOz—»%
/ LaggKp.1Co0;

.4///7/. L

0
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Fig.6 The activities of CO oxidation on
La; xKxCoO; and LaCoOj; catalysts

80 |-
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100 |- —e— nanorod

L L L
50 100 150 200 250 300 350

Temperature/ C

Fig. 7 The activities of CO oxidation on
different morphology (calcined 700°C for 4 h)
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Fig. 7 gives the catalytic activities of CO oxidation on LaCoO; nanorods and LaCoOj3
nanoparticles. The complete conversion of CO over LaCoO; nanorods and nanoparticles were
achieved at 200°C and 240°C respectively. Form Table 1, the surface of LaCoOs nanorods was
9.6m°/g, but LaCoO; nanoparticles had larger surface area, which reached20.9m%/g. If the surface
area of catalysts is considered, LaCoO; nanoparticles should have better catalytic activity than
LaCoOj3 nanorods. In fact, the LaCoO; nanorods had the better catalytic activity according toFig. 6
results. The better catalytic activity of LaCoO; nanorods is attributable to the influence of
morphology of catalysts. The differentmorphology affects the exposed crystal faces and surface

energy of catalysts, which lead to different catalytic abilities.
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Fig.8 X-ray diffraction patterns of LaCoO; nanorods and LaCoO; nanoparticles

It was reported[g] that Co304 nanorods are more active than Cos;04 nanoparticles on the
catalytic oxidation of CO. The HRTEM results revealed that Co;04 nanorods predominantly
exposed the well-defined and less stable {001} and {110} crystal planes, whereas in the Co3;04
nanoparticles the most stable {111} planes were predominantly exposed. The activity data show
that the Co;04 nanorods were more active than the “classical” Co;O4 nanoparticles.Yang et al. &
found that there are different adsorption features for CO on {111} and {110} planes. Whereas only
weak adsorption are found on the {111} planes, there are both weak and strong adsorption on {110}
planes. There are different low-index planes in the pervoskite structure. If exposed planes with
higher surface energy could be generated and stabilized, they could provide active site for catalytic
reaction %!, Fig. 7 gives the XRD pattern of LaCoO; nanorods and LaCoO; nanoparticles. The
diffraction peak of {110} plane of LaCoO; nanorods is higher than LaCoO; nanoparticles. It
means that the LaCoO; nanorods expose more {110} plane than LaCoO; nanoparticles. {110}
plane is beneficial to the catalytic oxidation of CO, so LaCoO; nanorods had better catalytic

activity than LaCoQOj; nanoparticles.
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3 conclusions

The nanorods of peroskite-type complex La; (K,CoO; oxides were prepared by the sol-gel
method using PVA as a ligand agent. Influences of different PVA concentration and calcined
temperature on the structure and morphology of La; K CoO; catalysts were systematically
investigated. It was found that homogenous nanorods of La; \K,CoO; perovskite catalysts could

be synthesized when the PVA concentration was 4% and calcination temperature was at 700°C.

The performances of La; (K,CoOs3 nanorods on CO catalytic oxidation were not improved when
La®" was partly substituted by K* in the perovskite complex oxides. LaCoOsnanorods had better
catalytic activity than LaCoO; nanoparticles,and LaCoOjnanorod catalyst had the highest catalytic
activity on CO oxidation. It indicated that the morphology influenced the catalytic activity of

catalysts.
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SR S

i

BS 2 NV EEE PESZI IS 7%Ni/M-Ce50Zr5 0 AL 5 [ TEME

FRA A L SO PR R R 5 3 IR T e b il & T — RV R AR Ce/Ze LI AT
JF LA RS [k . FRR I R UM B R i AR AR e v, T U NG
SRR BRI I8 HI B H e — U R R Y . 2 Ce/Zr b h50/50, N 7-10 wi% &3
Hh 5z e AR AR o AP R E B2 e A 750 EF) P A V8 R R S ek L (R R 1 o LA
HA B Gkketth, 7T LIOY SR S N A B A3 B0 22 1 4 fok 1 RONGY PR, SR I HY i PO i
PTETE: T38RI A F L& R FF BRI N T AT i 20 (30 J5URH S B4 A R AR E NIk
FURE, AT AL IR I o A LIS [T A3 BAT B A S RE 0 JF IR B 5
redox PR 2 b5 Ve — S ik 7R S S RURRVBBT ok S I S e R, 5t 482 e A0 7o i P A
FAB M RERE 2 2R H .
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OB-07

LR BN R EERE N — & AERES P S

H, BT XMER | BN, KT
(PR, HEK 400030)

KB W, PBdiil,

1 N

1)

]JIl

P 1 PR 2 — b (R R A LA ok o 7 Y B TR R AT 4 S AN R 2T 4 3=
AR TP AL Z T 9598 Ak, B2 2 M i AT 1] TR FH ISR A 1 25 0 7 1 A 2]
Wi 12 5 P AR R O AL R A4 T 5 — S BRI A T BRI S s R S SR IF R 4
PSS o R T At G50 AR R T A T e v A 7 T P P, AP AE a6 R ™ T . AR, [
JE ] A5 e o T R P 1S 1 /A i P e T B E 0 A, 20 0 M TR, M A A 281 v 4 2 PO T TR P
fitie UL AATHI B FACHAR IR . Lewis IRAHHEAL R RFIRAEIR, FZ (A Rkt b Lk i .
AR T SR S IR AR A = T 12 Y I A5 B B D PR e A 20 K™ i A BT T AR R 4
i, I H R T S LA AR RO B8 B vk, V2 WESUIT A I 208 ik, RV 1
VBV R] IR AT AR PR A3 A PR AT T WL R IR sh i, DRI mT ST WL s B A (3]
bR T IX R4, IR AR 2 oAl 73k, 4 e B NoO NI CO B3 i A Tt TR FH I (4]
KPR B R A SN B IR P A5 (5,60 0 IX LTV BRI A, H L P 1 3] () I R Y IR e 43¢
PEEIAN T, DRI A% 48 B R R FEAL T VAR AT W S0 A 8 o W B AR 1045 e 1 Y 1, H
B E P 0 2 R P 2025, B R A AREA R A0 4 T BB AL 5 e 1R IS IR 155 PP I i AL
B TR TP

M - SR ATAT AR B PR o, - ouER e B oo R IR LT AT E s oo B I e s 14
G, W E A SN o BA EE I < e A R BT RE, PR < R AL S A D A
FIRIBEFTS G T AT E i A7, 8. H M A Pias Inn i A\ 2 EE R P e A 1k & b i
o B BRFEAL IS, B 7= I I P 8 Y 6 )7 364 W S 0 B i 9] 438 A0 Vs
PR, T HEAL O TR BRI S, S5 RAR WS, M T 0 BB Ak S B2 PR 55 201
I B AL RN AL P D) (RSO3 A T AT JT 152, Ni(5%)-La(3.8%)/AC R B U IR i

"W IHEE R A Tel.: 023-65105106; E-mail: taocy@cqu.edu.cn; TR T RHEI AT H (CSTC,2009AB4012)
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T, B G JE A NVAC AL FIAEA R AR, B gim T 11.52%, HREL T
WCREE T 12.16%[10].

AL T R AT HUBC S0, SE56 75 48 T A0 5 MR LA A R R HE AL O YRR A
S5, BE— B R T = A BN A S AR R FE R, 1D b TR A S R
HH R B IEAY S N P g B A S LA o
2. KIEERSY

2.1 BEMLIESAEC & La(bipy) B9 & B

PLFE TR TI0K ClEP ) 2,2-Bk0ERE (bipy) Zefgn A2 LaCly 1) SEEH
(bipy/La’ BEIR LA 504 1, 2, 3D, JHERE 80°CIRIA K N— i1 (1h, 2h), W &5 H5 74
HIF S ok, FEARL TG, SRR il e LA A6 (IRPrestige-21, H
A EHD
2.2 BRAREFREAL L

PR LAY, SN AE 0.5 %5 5 S 58 (KCFD 05-10 8, IR RIS T B — 2 T
) IeCly, BRI BE11] LSRN EORMK O R N3, B R Ni3g, 78 CO B
SPIIRJG, FRA CO 21E HJ) 3.0 MPa 8 3.5 MPa, Z#iFHi 4 160°C B 190°C Ji5 I3
PEFPARIEL RN 2 he SN (RIVBAA = VA 28085, B i G 2 R A TS (T (GC
1100, db3TEkdT), ikt Porapak-Q BUIHFEA:, M PUAMAT: mAiEU B, WHY
30 mL-min™ o R SN P4 H AR SN (1 PRS2 A B R K0, 3 S0 1 AR A 0 P e )
T2, TR T2 PG (2
3. BZR5ITE
3.1 REESMRENSRIE

Mt EE T E TR, 55 0 M N S ERAEN, RARKSRA. SRE,
DI BATTIESE T8 N A PR 2, 2-IKHEme S & ol e . thIE 1R, 8 80°C Ik
J% 1-2h, DPRHEERLCAE 1:1-1:3 YR, Ffd = 2o ah i — 3.
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Wy
v

Transmission(%)

i U |

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm’

Transmission(%)
2@

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm-1

L. AR E AT A I S 2L A 4]
SN A] 1h, bipy/La BE/REL/ K a.l; b.2; ¢.3;
SN IFIA] 2h, bipy/La EE/REE 054 d.1; e2; £3

IS A4 La(bipy) LT AN B S C A 2,2-BXIEIE (20 SNt 34756 L (B 2), A

2 LA RE, PR AL NG R F A 2,2- N (R0, R T s, X

UL G R B 2,2-RERE TR T R K EOR R BN RN IBOR, IS ML A

(b)) rr RELE Ay () (07 AR SR EE AR T W AR A, R R L B A () A A1

H, BT RS, I EMZ b 75 3100cm™ ~3500em™ b —SE ks, H/K5> T O-H

WS, B IC A4 B A K Gy o BC A T B R W AC U A Y 5 A A ) e SRS

&y, X TR E A EUR 5 O B PR S E IR IR RS 2 B, B TR

(M45 R[12]. F5HRM C—H 45 i AMP 4IRS e LA AT (K 993em™ B 45 1017em™ PIE,  HoR

HIEWES, XRW] 2,2-100knE LTS RS 7 FF 3 7 RA[13]. 594k, Bea#d C-H

TSNS I3RS 758em™ KA, AR 761em™, 736em™ PN, Kt I P A i A4 R
BUR T HATRCAL [ 14].
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Transimission(%)
[V
Transmission(%)

T T T T T T T T T
4000 3500 3000 2500 2000 . 1500 1000 500 1600 1200 , 800 40(
wavenumber/cm’ wavenumber/cm’

2. WAk 2, 2-BKIERE(a)5 FTAFHHEC A0 (b)£L A% LEIE]

3.2 La(bipy) X} B EZ ¥k &1V I K2 F= 4143 Fn B 52 i

S 5 T A R R AR BT, IR A B G A4 La(bipy)(1500ppm)
SR BRI . (1) CH30H(0.79 mol), CH3I(0.05 mol); IrCly(0.20mmol), F 1A
% Pk 7 HAc: 0.018 mol , MeOAc: 0.06 mol , H,O: 0.06 mol ; ¢ II )
CH;0H(0.321mol),CH;1(0.064mol), IrCl3(0.166mmol); (I1T) CH;0H(0.321mol),CH;I(0.064mol),
IrCl3(0.166mmol), & T AA[Bmim|THN(6.63 g)o FIAFsSib st Rk 1 fion. KIS B
EYIIIINN, TR (I PR REA, ELISTRR F R 0 e PP 2 T v, SR W BB R 2 0 A S B
(KI5 o) 7 A 5 )

R BN G IR FR R SN 5 )

RS HEALTT ALK AL 2% HFENE%

HAc MeOAc
I IrtLa(bipy) 65.5 3.2 50.8
I Ir+ La(bipy) 60.1 10.7 55.7
1 Ir+ La(bipy)+IL 83.3 13.6 534

Reaction condition: ( I > CH3;0H(0.79 mol), CH;1(0.05 mol); IrCl3(0.20mmol), HAc(0.018
mol) , MeOAc(0.06 mol) , H,0(0.06 mol); C II > CH;0H(0.321mol),CH3I(0.064mol),
IrCl3(0.166mmol); (II1) & T AA[Bmim]THN(6.63 g, HAAER RN (1D
3.3 =S B R E AL PR R0

B = S B (n(La)=0.838mmol) 73 il 5 I 2 AN [7] ) B S M AL A4 2R mp BEAT F I B R 4K

I, FrAdas Rk 2 s, WEHERE W, VIS VAR, 7 =S B i ik 4%
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PR 80.1%F#MRE] 0.1%,  MINEIR T EE A FEERT th 1.7%3¢ 3] 56.7%, Hn T 50%
FeA s BEIAE S AR FR S R4 2 B A I AN R I T F8, AR ROt 1 e I Y 14
T . VIS VITERAS EE BAR VIS IX A0S EE A5 BUAH TR A 518, I\ == SH B0 i T 1) 6 6 4
FEARIMAN IS RO BRA, T T Y I A 26 PR DU 20 S0 35 0 T 27.9% 1 62.8%.

2 AT PP B LA S5 I ) S

i 5 fHEAL 7 H AL 5 % HFENEY
HAc MeOAc
VI Ir 99.8 80.1 1.7
\Y Ir-La 68.0 0.1 56.7
VI Ir 98.0 67.0 22.8
VI Ir-La 58.6 0.43 50.7
VI Ir-IL 99.0 98.0 0.2
IX Ir-IL-La 80.2 19.0 63.0

Reaction condition: (VI and V : n(CH;0H)=0.79 mol, n(HAc)=0.018 mol, n(MeOAc)=0.06 mol,
n(H,0)=0.06 mol, n(CH3I)=0.05 mol, n(Ir)=0.20mmol, Pco=3.5MPa, T=190C, t=2h;

VI and VII: n(CH;0H)=0.321 mol, n(CH;3I)=0.064 mol, n(Ir)=0.166 mmol, Pco=3.0MPa,
T=160°C, t=2h;

VIl and IX: n(CH30H)=0.321 mol, n(CH3I)=0.064 mol, n(Ir)=0.166 mmol, m(IL=[Bmim]Tf,N):

6.63 g, Pco=3.0MPa, T=160C, t=2h )

34 WHL(REENRNIERNS S

HHE AT, AR AR R AL RIS S N P AP AE PN IR, — AN 2B B4
I COLLI RN, 55— A& PR [Ie(COYIIIEIR o K5 FH 2 F R [Ir(CO)L L] FIFE IR
et &l 3 s, 3 HOH KRB EY] CO I 2 F BRI AL, 15 2 1) s 25 BB 15].
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3.[Ix(COY L] AL T A B AL B 2]
TIAE AR S N, A R TPV, T BBV R I S AT -
(2) CH31+CO—CH;COIl
(3) CH3I+CH;0H—DME-+HI
(4) CH;0H+CH;COI—MeOAc+HI
(5) CH;O0H+HI—CH;I+H,0
(6) CH;COI+DME—MeOAc+CH;l
TEARR TN LB, T2 A =SBt e s 2 R ST, g R
A=A PRI PR R (R BT, R BRI NN S 5 1 3 TR (AR SE AL A ER, 455 I
(1), BT ERAE AL EALBUT e S B8, BHAS AT 58 55 [In(CO L] e,  #E T FHLAS
HEARFEMEAC A IR IR o Fh T8 25 7 AV F 3 LA R AR ) 1 R 0l 1 BRI s
B, A S RN B R, W P B2 B RSB L, SRk
BCEH . MRS TR SN h, A K B AR I 1 20 7 R A7,
CO, T4, 4l IS5 TG RC A [ 16110 AE F 7 2t iRt B2 L BELRS: 7 e o 2k
A I (COLo] I, Lh S5 N [ 58 5 J- 1R TR I 7 ) EAT o« % T BAIBC&4) La(bipy),
A KR B A T T AR 2 AR BEAR AT L, O HABBC AR R BC AL St 728 B E A A
5y VISR A, B [Laly(bipy)(bipy)(DME)] [17], tH 12 KA X R4 FH 5 2ABHLAS T 4K
SEMEALIRFR PP e i n ke, T S B R R A P E R, TR PP B T v

4. &5

R = ST B3 PIC 7520 20 V4 TN 2 B A B PR A B N2, B RS T - <2
WAATEL, BRIRNEFEPERRAG, BRI P BRI IEFEET o e L S N P K PR T 22 e g
5 AR S NP C 4 BEAS L B 55 D5 PR [Ir(COY L] AR, A i BELASH B 1
PO A, A IS N 1A R IR IR A R R BEAT

Z % X
[1] 2300, sKEF, KRBT, 2004, 29(4): 62-65
[2] mbee, RIKSE, R, RS LR, Pl
[3] H¥, EFFRL AT, 2009, 38(6) : 603-607
4]1Y. Qiang, Z. Qinghong, W. Ye, J. Catal, 2005, (233): 221-233
51 S. K. Maxim, V. L. Mikhail, G. V. Galina et al., J. Catal, 2012, (291):9-16
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15] H. J. Jane, The CativaTM Process for the ManufacturePlantof Acetic Acid. Platinum metals Rev., 2000, (3):
94-105
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OB-08

m &34 Co;0, ESE LR ELIERE

A2, e, x| L8, T
(Fﬁaﬁ%@é%%, METT 330031)

RHEIR: Cos04: Sm; CO fiEfL4AL; CHyfELEAML

RAEAT Coy04 SEMEALTD CH, ™M\ COPMAb 55 S W I8 FAT B (M HEAL TS, Ak A —
TP L0 L A A e 96 < JR SE A D A A 711 o SR T <2 JR 45 2% 4% Cos04 2L S AL I HEAL
M, FRTHFT R T Ce U RBAEMERY, eI e 0 E W Sm A Coy04 145 24tk
LT CHy fl CO SAALSE WL AR5

ATLLL Co(NOs), Al Sm(NO;s); AUk, SRAIILTTIEVE 6 — RIIAIR Co/Sm JEEIRLLH
HEAPHEA ], P HEAGRILE 500°Ca U RbE 4ho HEAL IR IR CopxSmy(x<0.5),
X K7 Sm/(Co+Sm)EE/REL . 5T Coy Smy HEALFINS CHy A1 CO Sk SN LTS TE, JF
it N,-BET, XRD, TGA-DSC, Hy-TPR FI XPS Pt T B i A4 1) ) 45 K RN P e 0 A T 5
LA e B] Sm 45 2% A5 o

1. B 2 73518 CoySmy LTI CHy A CO AN AR 2k . 2l Cos04 %)
CH, Ml CO Sk [ W BAT IR B0 M, 128 SmoOs 71 W S A BAT I M . CoyxSmy AL

FG; CHy A1 CO 28 AL 5 B BTG PE B AME T-410 Co304, (HBEAS Sm % 52 (1 14 I A 7] (03 P

BT D &L Sm IFIFE i CogosSmg o2 Al Cog osSmy os X CHy AL ELAT ot e IR AL 54
1M Cog.00Smo.10 FE AR CO FAA ST B iy o WX T CopSmy A AWM, Cos04
NETEAL Sy, T Sm ).

R HRRIEIES: (21263015, 21203088) ¥ H
THABER A FH (xwang23@ncu.edu.cn)
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100 4 —— CO3O A
COO QSSmU 02
—4&—Co,, Sm

0957 10,05

®
S
1

Coogosmnm

—4—Co,, Sm

070°" .30

—<4—Co,_Sm

050" 0.50

@
=]
1

CH, Conversion / %
8
1

204

T T T T T T T T T T T T T T
300 330 360 390 420 450 480 510
Temperature / °C

1004 —=—Co,0, v /—o <
.
{ —a—CoySm, A//: / /
y

CO Conversion / %
3 3
1 1
[
T
O 00
.Oo .Oo .Oo
gm sw 8(/:
03 03 03
LR
\»\
\0 \b
\0\
—~——
—~——
>
\‘.\
\

~
I
\
A\
\

\

/ A
¢ <«
~ P ]
v

X/A/ . 4/‘/ e -
od ¥ ¢ -—"

T T T T T T T T

60 80 100 120 140 160 180 200

Temperature /°C

Kl 1 AJF] Co/Sm JBEIR LA FIHAL CH, #AFeiG HEE] 2 ANIA] Co/Sm BB /R ELAE AL IR AL
CO Afbh

Reaction conditions: 1%CH,4, 4%0,, 95%N,, GHSV=18000 ml-g'l-h’] Reaction conditions: 1% CO, 21% O,, 78%N,,

GHSV=18000 ml-g"h™"

CoyxSmy HEALFIRILER AR 1 Fizs. AR Sm [ Coi Smy #il, 54l Cos0,4
L, HERMEBURIREEESG I, X B A B Sm S0 T Cos04 dbbitg K, AL LR
BUBR, W TR TR . 454 XRD, TGA-DSC, H,-TPR 45%, 73 CoiSmy
AL, W3R 1. 455R5EW, A& Sm I, P& TIEREAMHI SmCoO;, JEorH TR
fh A Cos04 Kifile HHF SmCoO; ' Co A A+3 Hr, AT FERE SR Co™" 8 1 I I K.
XPS /TR, R Co WAl Co™ 851, H/E Sm N, (RS A R .
ST CosOq FEMEALT, FTHT Co® B RI2 I M ARy 2 % M AT S8 S 3
P EE RN, Rk, i Sm B2, KKIE T Cos04 X CHy H CO 484K K N
s
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1AL LER AR A AR ALK

Specific surface area

Catalyst Phase composition

(m’/g)
Co304 20 Spinel Co304
Cog.98Smg 2 51 —
CoposSmoos 65 Spinel Co304, amorphous SmCo0O;
Coo90Smo.10 75 Spinel Co3;04, amorphous SmCoO;
Coo70Smoz0 64 Amorphous Co3;04 amorphousSmCoO;
Cog.50Smoso 31 Amorphous SmCoOs
Smy03 6 Sm,0,CO;

PB4, XL ) CHy A1 CO S84k S AEAL A I BT K R PE REREAT T 7E 5% K7,
C00.05Smy o5 AL FAIFE S M IELIE 450 °C 5% CHy AL R AR E M /BRI 110 °C
I5F, Cog.00Smy 10 % CO S YA A ] I8 B S VI 8] T B2, 3K AT RS H T /K 70 1 2 T R B
AR L T T RAT R R, L R HUKPERE, CooosSmeos F AN H]
F5BR CH, LI R MM . 1% T3 AR CO 44k, CogaoSmo 10 HEALH LK i

PERET 5 Tk 4.

100
1004 (a) (b)
L ] Syt o R 1 n
n
604 80
® R
: -
= _ e 60 4
2 60 &
z g
S c .
(&) [} [ ]
- 40 H O 40 "
n
o o [
o L]
n " | ] -
n
204 201 -
0 T T T T T T T 0
0 10 20 30 40 50 60 T T T T T T
0 5 10 15 20 25

Time on steam / h Time on stream / h

& 3 N RASE PETINE (5% K VAEAE ) (a) on CogesSmg s for CH, oxidation at 450 °C (b) on Cog.00Smy, 1o for CO oxidation at 110 °C
Z £ X #

J. McCarty, Y.-F. Chang,V.Wong, et al., Div. Petrol. Chem.,1997, 42 (1): 158-162

X. W. Xie, Y. Li, Z. Q. Liu, et al., Nature,2009, 458 (7239): 746-749
L. Xue, C. B. Zhang, H. He,et al., App!. Catal.,B 2007, 75 (3-4): 167-174

X.D. Hou, Y. Z. Wang,Y. X. Zhao, Catal. Lett.,2008, 123 (3-4): 321-326
S. Imamura, K. Fukuda,T. Nishida, et al., J. Catal.,1985, 93 (1): 186-191
X.L. Xu, E. Yang,; J.Q. Li, et al., ChemCatChem, 2009, 1 (3): 384-392
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OB-09

EEEBAHIESRT ELFINE ERABRELFR
AREA, fTik, T EAL, L4, BRLE
bt TR 318 5 e LR B A T &, 65T 100124)

KR SieE: MR SRR MRtk

B HLENZE RSB RHE ) H 28 A% e St e Jm IR B =, — b7 (TWCs) 7=
b T I 55 ARG S 4 e o R v e 3T P S A e PRI Bk o 0 JLAF SR, AR AR 11
RIEFAIK TWCs [F8NFH Hx — Btk TG, AR, ZESEBR o, Wi 52 4
K5 A R AR R () PR P — B AN DG IS R 8. UE4E0K, Tanaka 25U &k T
—RY5i4)E Pt, Rh, Pd B2 HALARL, WFURET, XM BB AR (1
HFEE . SR, AR Mt FE P o T AR 4 T e e NS AR A b ep, R T
ks B3 5 11046 Jem T2 A R 2% DA ) 6 S5 AR S RS A4, B T LRI A, AR T Y
Fl o S SR P A A BB HIGA 507 CUAMR) M, DU KR AR BR (MR £ 0 JsURE, Il & ik
TR4&BBARIN LaFeosPdyos0s (LFPO) i HAGEKH HEALA . by TXF L, IR A eyt ik
il % T AN LFPO A7) Ji4bh, IR SRR 4% T AR Pd 2 10 SR 32 Ak
#| PA/ALO;3, Hirf Pd 25 A LFPO i Pd J5 FEAIY, N 2.6 wi%, FFA eI =%k
AL PERE R il AR e AT 5T

B 1 SALRT R AL TEM B S, (NS A47: LaFegoiPdoosOs EALRT, EMLIG; Pdiy-ALO; EALHT,

E AN
N T E BT REEYE, TR L 900 °C FiZ b 8he AR TEM b al 4,
ZALTHT UAMR V1% (¥ LFPO JESR 23 A R ik, 7 H &40 #F TEM i (B 1a) i
RMELRIRER M Dt @R T . 900 °C ZAb)a, I 1b FTLL AR AL Pd i1
P CE R B AN KT R ALY, Pd R ROTAE 2-5 nm YEHE Y, J& TAEH DNARK 0k 1
RIS PURAERE . B 1c M1 1d AZALHTE Pd/y-ALO; ALK TEM M. X it

" S R AR RN LA T v BERR R R L BT R K VAL S A, K E
B RS (21007002); S ARG R BRI (863 #1Kl, 2011AA03A40); JLtTiAl#T A H (PHR
201107104)

“HIHIBER N (Tel: 010-67392080, Email: hehong@bjut.edu.cn)
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FEdh, P KR LA A HURRAS S8k T yv-ALOs #ddk [, PIRARL R ~5 nm. 2R1fi,
1E25E 900 °C w2 LG, PdRL Y RO CURHER, PRIRARHIKCE) 150 nm BLE, 245 R
P GEEATE Tl 45 1) 5t S R AL AR TR B RS e R 22

HYE XRD 459 CRAIHD w41, B UAMR 082 0k Hl 4 10 LFPO, 117533
T LaFeO; 54K 4544, HIGARRME] Pd 583 PAO PyFf, XKW Pd J5 74 D H 5 |\ 345
BRY™ LaFeOs &ty o S THUTTE LTI R, 15 30° ffi A La,O; (JCPDS No. 83-1344)
st th L, SR, 75 UAMR VAT BORE S A R 2] LayOs A4 AH (R AEAT SR 06 o
AR, UAMR 046 73000l B, Ff3 B0 S 2l AT BOR IR &, 2 — il ot
&R B AR I 2077 UAMR-LFPO 4L Jo, WARIEEEE 52 11 LaFeOs A 45
1, B La05 5k PAO SRl i I T Pdiy-ALOs, THRXHETH Hy M TR AL EE, B LA
XRD & I TR K< JE A Pd AHROATS g, Mg ERe s, SRA Pd A K,
HILT PAO &iAH, RS AL 1K) Pd GKRE 78 2 A R T A Ak, PRI B A%
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Study on Acid Properties of Rare-earth Exchanged Y

Zeolites Using Solid-state >'P NMR
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Introduction

Rare-earth (RE) exchanged Y zeolites play an important role due to their use as fluid
catalytic cracking (FCC) catalysts with superior catalytic performances, such as the high stability
and activity[1]. Therefore, the detailed properties of the acidity (types, strengths, concentrations
and locations of acid sites) of rare-earth exchanged Y zeolites are inevitable in understanding the
detailed reaction mechanism and related catalytic features of the catalysts. A novel solid state 3'p
NMR technique reveals the propensity in simultaneous qualitative and quantitative determination
of acidity features using trimethylphosphine oxide (TMPO) and tributylphosphine oxide (TBPO).
Unlike TBPO (kinetic diameter ca. 0.82 nm), which can only be adsorbed on the external surfaces
of Y zeolites, TMPO (ca. 0.55 nm) is capable of entering the channels of the zeolites and hence
rendering simultaneous detection of internal and external acidity[2]. In this paper, the solidstate
'P NMR spectroscopy has been employed to investigate the acid properties of rare-earth

exchanged Y zeolites.
Experimental

The zeolites are prepared from a commercial NaY type zeolite with a Si/Al ratio of 2.5 by the
conventional ion-exchange method.The characteristics of these samples are depicted in Table
1.The solidstate *'PNMR experiments are carried out on aBruker MSL-500P spectrometer at room
temperature (298 K). The density functional theory calculations are carried out with Dmol3

software developedby Accelrys Inc.

Table 1. Physical properties of various zeolites

RE,04 oo* Crystallinity* Si/Al SMicro PMicro

Samples . )
(Wt%) (nm) (%) ratio (m7/g) (ml/g)
REHY-4 3.1 2.458) 66.0 44 586 0.269
REHY-8 7.6 2.461 59.7 3.8 591 0.272
REHY-14 13.7 2.466 513 34 535 0.247
REHY-28 26.2 2.482 49.2) 24 512 0.236
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Results and discussion

Figure 1 shows the >'P NMR spectra of TMPO and TBPO absorbed on REHY sample. It is
found that up to five acid sites are identified to be associated with the internal sites of Y zeolite.
Four of five are from the Brensted acid sites with >'P NMR/TMPO chemical shifts at 65, 62, 58
and 53, and one of five is from the Lewis acid site with®'P NMR/TMPO chemical shifts at 55. The
peaks at 78 and 70 obtained from 31p

"The national science and technology support program (125 program)(2012BAE05B01)funding
*yusq.ripp@sinopec.com

NMR/TMPOcan be correlated to the resonances at 86 and 76 obtained from *'P NMR/TBPO,
which were found to have similar respective Ad values[3].Therefore, it is concluded that the peaks
at 78 and 70 observedfor the REHY/TMPO system are consisted of internal and external acid

sites.

55

REHY/TMPO

9 80 70 60 50 40 30
Chemical shift

76 REHY/TBPO
50

110 100 90 _80 70 60 50 40 30
Chemical shift

Fig. 1. *'P MAS NMR spectra for TMPO and TBPO absorbed on REHY sample.

(The dashed curves indicate results of spectra analyses by Gaussian deconvolution)

Table 2. Assignments of >'P MASNMR chemical shifts for TMPO and TBPO adsorbed on REHY

zeolite

[L] [B] B B B L B
51 82 53 54 85 36 57
(31-3¢) (52-3¢) (83-6c)  (84-3c)  (85-dc)  (86-3¢)  (37-d¢)
78 70 65 62 58 55 53
TMPO 39
(39) G1) (26) 23) (19) (16) (14)
86 76
TBPO 47
(39) (29)
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__ [Jother Bacid
XN medium B acid
s strong B acid
L acid
7

NN

Acid amount/(mmol/g)

4 8 12 16 20 24 28 32
RE,0/ %

Fig. 2. Distribution of acid amount of REHY sample

Figure 2 shows the distribution of acid site of REHY sample.With the increasing content of
RE;0O3, the amount of Brensted acid sites withmedium strength(with3lP NMR/TMPO chemical
shifts at 62 and 58)is found to increase obviously, while those of strong Brensted acid
sites(with3 'P NMR/TMPO chemical shifts at 65) andweaker strength Lewis acid sites(with3 'p
NMR/TMPO chemical shifts at 55) are found to decrease respectively. Furthermore, it is found
that the total acid amount and the Brensted acid amount decrease obviously when the content of
RE;O; is high.

Figure 3 shows the mechanism model of rare earth cations on the acidity of Y zeolites. Under
heat treatment conditions, the decrease of framework Al content and the existence of
extra-framework Al species lead to the strongest Brensted acid strength of dealuminatedY
zeolite(USY). As for the REHY, the hydratcdRE(OH)2+ in the sodalite cage I' sites of Y zeolite
bonds strongly with O3 and O2 and enhances the stability of REHY zeolite, which restrains the
release of framework Al and the formation of extra-framework Al, hence leads to weaker
Brensted acid strength of REHY zeolite than that of dealuminatedY =zeolites. Meanwhile,
RE(OH)*results in stronger Bronsted acid strength of REHY zeolites than that of HY zeolites.
Therefore, the Bronsted acid strength is in the order of USY >REHY> HY. In the aspect of
Brensted acid amount, HY zeolite shows the most Brensted acid amount. USY zeolite shows the
least Brensted acid amount. However, the more stability of REHY zeolite restrains the
dealuminum of zeolite, hence leads to the Bronsted acid amount is more than that of USY.
Therefore, the Bronsted acid amount is in the order of HY >REHY >USY.
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Fig. 3. Mechanism model of rare-earth on the acidity of Y zeolites

Conclusions

The detailed acid properties (i.e., types, locations, concentrations, and strengths of acid sites)
of REHY zeolites are characterized by solidstate *'P NMR of adsorbed phosphine oxide probe
molecules (TMPO and TBPO).Combined with the density functional theorycalculations, a model

is been proposed to describe the mechanism of rare earth on the acidity of Y zeolite.

References
[1] Noda T, Suzuki K, Katada N, et al.,J Catal,2008, 259:203-210
[2] Li SH, Zheng AM, SuY C, etal.,J Am Chem Soc, 2007, 129, 11161-11171

[31 Zheng A, Huang S J, Chen W H, et al.,J Phys Chem A, 2008, 112: 7349-7356

135



U A E R R SR SR

OB-12
— M EBFRFLEWE y-ALO; HIHI & A E
Zoral, ME Y, Al % RBEARC A R
CHE R T E B, BRI, 518055
PR EARI B, B3, 100084)
KBRS MG y-ALOss A ANIIUINE: W% T4 Bk

1_1.1__._

Al

il

HATS LA ARHE AL WM AR SR 2 ) 2 s T A ReL-Ar
FLEFG LG IR A A RV BAAT R T S N KA i — 7 T S ) S 7 S e s 21 e A
FUREAERL 50, 53— T BN (770 T LS TG 7 e A7 BRSPSt ol vt P FE PR S5 00
FUAR S MBIt B i A 30 P i 4 DG T 300,

HAT R AL KR A T 04T 2l S5 PR 7 VR SRR LT, T R
S LRI B AR VR 55 T4 o RO AR BT R T B R AL
FLEGHE , AHAEASR AR 25 B nT e 203 B L LA RO, i FLIE 5 92 B R B AR 77 B A
BT EHEE R & 5, M S A A SR y-ALOs 2257 LI AR . LT B VL
8y AR AE AR TE VR ISR PR 3% s R AT A e, RS T DAANSMIAREAR , {EA5 2101
ORI AL AT FEANI 5] o AR RS R I 5% 25 1IR3 158 B FAV A 1l 6 25 R AL AR S R )
V-AL O3 FELETF LSy wIAT, B RILHAE RAT LA 1 6e Ty, iy s i T 22 H0m)
DL (68 1) S DD A T SR FLAR S5 AT T R A, 3 b A A 219,

Y-ALOs 7Tl 2 N T R A 77 A TR AAR SR R, A D SR R AR E 1
XA R E PEAE P R A W50, Wly-ALOs &V 45 R g FH = Jo A 70 1 3 224
PRVRIEPPRE, BR300 ek B A AR B4 g (AR U, [ P9 AMOIEFT R, 7Ey-ALOs
FGIAM T IEFRCey Lafehifi < mBa S0 i FLAAERE VA S B0 RS A S ) ) P g
SEMEA EEARE NS,

AR R P A B0 (K 7 7236 4% (La, Ba)iB 24 /K & S8 AL AT ERAARL, R mE 5%
THRIAETRIERI AR, 4500°C N RHE3hG B HAT S H AL Iy-ALOs,  FREUE TERS

R FAEE, T W, BRI MLl FRISHEL . S AP B PERERTT .
136



S A E R L AR SR SR

2

5l

ER 5
2.1 BRFLLEM (La, Ba) $52%y-ALO:BYHI&

¥ —E M AICL. La(NO3)36H,0 2 Ba(NOs), Wik T-— &1 0.5g'L" i) CTAB /K%
Wk, WP EE R B La™: Ba™: AP = 1.6:1:300, 72 ZUHERE 4l LA P 20 BN 41 4 1
R T IR ZUK 42 pH=8, il 5 B, ARG K BB AE S 41 T ik 2h 5 4wk
T TR TR IR A TR A LA 20-min™ AU EEIN#A A 500°C i 3h RIHI73 H AT S 4L
iK1 (La, Ba)iB 2% v-ALOs. WIS BRI FIAIREE (F ALOs THEE) il % BT EERE,
409 ALy A2 FIA3, KEFEERELL 10%min” THEE 1100°C £k 3h, RAFHEFE M40

Al-aged. A2-aged fil A3-aged, FffbbnT KALEGHEHR R 1 s,

1. FERBCHIZ 5

W% 2 R i vk BET Vel Vinic”
e
(gL (m*g") (em’™g™) (cm’™ g
Al 15 307 0.72 0.10
A2 30 315 0.48 0.11
A3 40 299 0.52 0.10
Al-aged 15 51 0.28 0.01
A2-aged 30 50 0.17 0.01
A3-aged 40 68 0.26 0.02

[a] 2 AU B AL (P/PG=0.975); [b]ALALE

2.2 HEGRRAE

PR ARG M T 4 B 8 X ORATHHU(D/MAX-2000, H ASEL2) 7047, 4w S 05
CuKa(r=0.15432nm), X Y HUE 40kV, HLjE 100mA, 7 55 a3, JIEaE 26 S 20°~80°.
AT S HE 5 TESCAN Al MIRA3 137 % S 434 v 1 s i s, el
10KV, 36 [E 42 5022w 1) ASAP 2020 B LR RIAR S ALA 7 B QG EERE G BER AR L FLA
FAUARGIAT, FEEE 220°C LA T 4h fE & . B 55 /R 3C(Malvern) Mastersizer 2000 3l & f

i (RPRLAE 23 AT o

137



U A E R R SR SR

3. &ER51HE

3.1 XRD

(b)

Intensity(a.u.)
Intensity(a.u.)

Ad-aged

AZ-aged

Al-aged

1 1 'l 1 1 1
20 ao 40 70 a0 20 a0 40 50 60 T0 ao
20/(°)

50
20/(%)

BT ERRE AR IIXRD B a) Brledt; b) ZALHE

O: ’Y-A1203: V. a—A1203: O: 8-A1203

K14 (La, Ba) SASLERT LRI ZALREIIXRDIE . B @), B B eem
YA oy (pdf R J710-0425), ATSRIETEALII N, Bil]y-ALO4E fh T AN e 3E, Wi g RLIK [
E R AR IR R B Ty -ALO (AR o

ME b)Y LAE B iEFE 5 421100 °C A E K305 M y-ALOs ¥4 42 5 8-ALOs(PDF K Ji:
46-1131) /b B fa-ALOs(PDF K F: 10-0173), Vi WIAE e, B8 A0 AL i N\ B A 30 161
Y-ALOs A i R E T a-ALOSFE AR A A . BRI SR IR E L A A D R0, — i
WA AT LU L 1 T 25 5 N P N B AR ) o R 2 T A 3 00, BELLE T AP 19
B, TR T y-ALOs H i R e VRO, 408 [RIRE AT LA S 48 2 1 2 ZE 45 TR I LaA L0,
BRI B AL e s e R T B P RNA IR 2D, 7EXRDIE i
I AT WS B R A B AR L At (Rt

3.2 SEM

138



U A E R R SR SR

K2 (La, Ba)$s 4%y-ALOs HrEEFE{ISEM & i

Al ((a-D, (a-2)); A2 ((b-1). (b-2)); A3 ((c-1). (c-2));

FEAFISEMAN K27, AT LA, P fEsh 2R IS, R h2-6pm, b ATFE
i IR L i o A BRASRURE FRITBOR I AT EL Y 2 FLAR Ry-AL O BRZ 1 — IRy-ALOS Bk
SRR W SRR BRI ] LU B KR fL- R ALAAAE

33 NESH

o

T

e

i,
M.

n

ne
o
r"/b/
| ||
[ N |
[
>
WM =

g .’r % \.\

gl F \

g 7/ \
'y RN
o/ .*q N

size{um) 10

3 (La, Ba)B2ky-AL OB A (KR4 0 AT

B3 0y-ALOsIPRAR I A 1], AT AT LU Y Bt P 25 sl R B R B T, 9 i (1 8
JURIARZE WG, R AL AT, Sum I FIRE G A3[¥5.0pm, L5 SEMA 745 LA — 5,
M5 25T 15 2 IR RURE ) ELAR 5 IR AP AR IEAOG, R AT e Y I, B[R
FERRE N, JUR K ARG K

34 LERERILESS

139



U A E R R SR SR

(a) —n—A1 I (b)  —=a BA —omnres
—e—A2 - 0B ge—e—A2 A
e —a—A3 H e E [\ T
—~ . = —o—At-aged T | [ =\
@ —o—Al-aged .)' N BT AN
bt —o—A2-aged G “ Gom 47 N\
£ A AT : o \
e —a— A3-aged -Jf _502 - ml—A—Adaged ° | AN S
£ /, "o e Mo __\t\
=1 o’ —
° £ & poee wamer
1:200 - o
@ o
k- ]
3 3" By
Eo] L Y
< \\ A
o !‘.,i A | _rl—I——,.‘_.
g»;;;%:ﬁ:@:@- e oe - - B
0 00} ©-0 o==-0 S

50

pore wigth(n m)
PA4SE A B i PR S50 O IR RS s £ K AL AR 20 A
(a) SFURB LRI s (b) fLAR A

P4 D00 1 it PR S5E L PR JBE PRS2 e ALAR AT B o B A(a) T U Y TR AT (RS
AR B B0 B R8TV o ERAR TP/PoI (0.2-0.45) A7 AT S W P 6, RWRAE BT B o
FAAEAE KA S8 A AL TEE RiTIP/P(0.45-1.0) i, W B 453 2 A7 7 A5 H3 2L 1y [ml i ot
2, R P I SLRIE T AORBUR HER U i B 4%,  FLAEN PN I ) 80T 1, N
OB R BESY, R B A R AR A LRI AL 238 1100°C & A0 3hit AL Rl 724
IR FRTP/P(0.2-0.45) I FRINWR BT AR A, ERZE i 2 ALAE it 1 (R AR A A T B MRS L 3
SORE AL BN A AL (<Snm) 31§ TIAERL R TP/Po(0.45-1.0) i, T AT AL AR 55
T RS I A AT AR A7 AE A H3 L R B i £, SR el il b i, AR rp R AR AR AL
KHEIA LR AL

M40 IR AR AT E AT BUR H PrA B R S K E3nm 2 A (K L. ALERAT
TEALARIE TP AELS Snm /A A A AL, AEAE R A2FI A3 TR KA S LI AL RN 5], I TR B
e oA, Ul WA 5 55 R A0, 1% AORE i T B ALAR I A S LALAR 20 A S AN
%o Elab) A LA B 2 AR dh ) fLAR AT I, W AT 2 AR AORE A LRI, P
A ZACFEIIRE S B K AR AEonm e A7 R 4L, HAFAERCK I LR AL, (EALAEZW] RN T
Bt

P i K B TR S AL S R Vs, R U H 8 Z5 R I [T e 2 77 il [ R TN
SN, AE 7 i LA AT ORI M. ALS RS FLAROR, TIA2FIASKE L LA e
VLI 2 B I RAGBAG, - )46 1 y-ALOs LA R . AEZIE1100°C3h2b G, ZALFEN
HR TR K T50m /g, FLA A M0.28cm’/g, LWL HAT B s S E ko

A Y SR P P Al B I R B T AR 4 1K) R ) % LAY A AL S R I RO

140



U A E R R SR SR

V-Al,O3, YUHELEFE PR 75 il 8 1) 75 XA 7 By 20 TP o AA0RE . CTABAE R RS
SRR TG PR A, — i S (K 0 O AR BT ), g — 5 T s A
BIE AL G T A1 5 AR 2 R, W55 T2 R AR A2 A R ok o PRI 25K
FEZI KT IO LR AR ORI 2R B, B (I CTABIR BEAE /K 70 28 A 1 I RE AR
3403 BUKE AR B T 5 RS [ AR SORE R 28 K V5 5 B 413, CTABIIRAUEENFLAYTE G, [T
CTAB R LAY LI BEARR I 5K 7, A3 R AL e 50 ) BB UKL, 100 /NSO (1R SRS B K1)
LR AL

M 25 o 2 1 AR P P 6 o2 5 AL BB FEE PRI B T, AR 358 5 i A Fh B UKL IR T B
FERL R R LA BL R, 7 S IR TB R 21 TR

T P B T AN 2 TR K VAR T RAT SRS L A R Fy-AL OB RTRL, LA
AR R I LEAR T RR R BRI AL, BAT R ARGE
B

AV SCHESUAT B T KA AR B A G T H (51202126) A1 DIl T 2 Al #F 5E 50 H
(YCYJ2012061915) (Agedl, LLAGE HRA IS EBEH A R IT I B % SCHF, Rt — IR
TN

2 % X
[1] X. Y. Yang,A. Léonard,A. Lemaire et al, Chemical Communications, 2011, 47(10): 2763-2786
[2] W. Q. Cai, J. G. Yu, B. Cheng et al,The Journal of Physical Chemistry. C, 2009, 113(33):14739-14746
[3] S.F.Zhang, F. Ren, W. Wu et al, Physical Chemistry Chemical Physics,2013,15( 21): 8228-36
[4] D. Z. Han, X. Li, L. Zhang, Y. H et al, Microporous and Mesoporous Materials, 2012, 158(1):1-6
[5]X.Y. Yang, Y. Li, G. V. Tendeloo et al,Advanced Materials, 2009, 21(13): 1368-1372
[6]J. G. Yu, Y. R. Su,B. Cheng,Advanced Functional Materials,2007, 17(12): 1984—1990
[7]1 X. F. Song, L. Gao,Langmuir, 2007, 23 (23):11850-11856
[8] W. J. Li, M. O. Coppens,Chemistry of Materials, 2005, 17 (9): 2241-2246
[9] X. X. Yu, J. G. Yu, B. Cheng et al,The Journal of Physical Chemistry. C, 2009, 113(40): 17527-17535
[10] J.Zhang, S.J. Liu, J. Lin et al,The Journal of Physical Chemistry.B,2006, 110(29):14249-14252

[11] B. S. Rathod, T. L. Ward. Journal of Materials Chemistry, 2007, 17(22): 2329-2335

141



S A E R L AR SR SR

[12] C. Boissiere, D. Grosso, A. Chaumonnot et al,Advanced Materials,2011, 23(5): 599-623

[13] R. Vehring,Pharmaceutical Research, 2008, 25(5): 999-1022

[14] N.E. Motl, A. K. P. Mann, S. E. Skrabalak et al.Journal of Materials Chemistry. A, 2013, 1(17):5193-5202
[15] C. A. Franchini, D. V. Cesar, S. Martin,Catalysis Letters, 2010, 137(1-2): 45-54

[16] B. H. Yue, R. X. Zhou, X. M. Zheng,Materials Chemistry and Physics, 2009,114(2-3) : 722-727

[17] B.H. Yue, R. X. Zhou, X. M. Zheng, Fuel Processing Technology, 2008, 89(8): 728-735

[18] 22/84), &k, W BEE, &35tk 2002, 23(5): 947 - 949

[19] B. H. Yue, R. X. Zhou, Y. J. Wang.4pplied Catalysis A: General, 2005, 295(1): 31-39

[20] H. Arai, M. Machida,Applied Catalysis A: General, 1996, 138(2): 161 — 176

[21] H. Schaper, E.B.M. Doesburg, P.H.M. DeKorte et al,Solid State Ionics, 1985, 16: 261-265

[22] Y. Sakatani, D. Grosso, L. Nicole et al,Journal of Materials Chemistry, 2006, 16(1): 77-82

142



FJum A ER AR SRR

OB-13
% 7. LaMnO; 1 LaCoO- Bl & . FRAEFEL I aEfF R’
XFR |, A, SBIAN | Jit”

B TR 2R 5 B8R TR BE, Jbat  100124)

XHEIE: RTENMRTEE (PMMA) WRHGE, =4e0r 4L, 8 B4A e,
HIORSAL

YR 2 BRI L) (VOC) ™ H e T KRR B B« A A2 W B vOC
A R — o A SEIIZIE FE ) G . LaMnO; il LaCoO; % VOC 484K 7 Hh KL
AL PERE, SLREALTRTE S SARG . LRI, AR AS BRI RIAL A MIAT DG . ARG iR LR
PR o LR TR 2 AL M A B B 4 . DAL, 38 D) TR BRI R LA LU R TR 2
SR B AR I AT s b 46 v o ANSCR A PMMA EASSRR 140 sl 2% T oA =45 K
fL (3DOM) 4#41) LaMnOs; fl LaCoOs, iti>4 3DOM LMO 1 3DOM LCO; HAFEFAMRK
fL (Chain-like) #5#4Jff) LaMnOs, 4 Chain-like LMO; F1HAT45.0ER (Hollow spherical )
45K LaMnOs #1 LaCoOs, it 4 Hollow spherical LMO #1 Hollow spherical LCO. 24 T Eb%%,
KRR 2% 23 114 1 1A K] LaMnO; il LaCoOs, it bulk LMO 1 bulk LCO. ] £
BORELAE T ARG BT, W T HX RS I HEAIE T (1000 ppm 2K + O, + N,
SR, A5HCA 20,000 mL/(g h)).

1 £ 4L LaMnO; fl LaCoOs £/ 1) SEM F1 TEM [ H

R HRRIEIES: (20973017; 210770070 ¥ BhIR H
TN, HIF (Tel: 010-67396118, E-mail: hxdai@bjut.edu.cn)
143



U A E R R SR SR

XRD 45 K3 W], Jr#3 LaMnO; Fll LaCoOs Ff it 1) 4 FUAH RN 7 85 ER0 SR 45K . B 1 ml 50,

JiT#3 3DOM LMO H1 3DOM LCO Ff i 35 HAT L) 3DOM 4544 . 4 IR LaMnOs F it K AL
RFEI5], fLARZ00 50 nm. %503k LaMnOs B G REARZ) 2 65-75 nm, BEJE45% 12 nm.

X% fL LaMnO; Al LaCoOs £f: i (11 EL & T A 4y 28.2-37.8 m®/g. XPS 45 % W], £ £ LaMnOs;
H LaCoOs B i F i Mn*/Mn®* (Co® /C0®™) Fl O/ Oage FE/R LU 1 15 T HARARFE S 1 . Ho-TPR
2R BIR, Z4L LaMnO; Fl LaCoOs FF i (I 34 J5 1 5 T H AR AR A i T

R PRI BRI R0 3 AR A Tk

Sample Surfacearea /0, (mol/mol) Mn*/Mn** or Toluene oxidation

(m%/g) Co™*/Co**(mol/mol) activity Toge, (°C)
3DOM LMO 37.8 1.31 1.88 249
3DOM LCO 28.2 1.44 1.63 238
Chain like LMO 31.5 1.08 1.32 260
Hollowspherical LMO 31.1 0.89 1.05 254
Hollowspherical LCO 29.2 1.28 1.82 237
bulk LMO 7.3 0.87 0.80 294
bulk LCO 4.5 1.02 1.98 301

100

& 2 Al 40, 24l LaMnOs fl LaCoOs FF &%) H ]
]l A 3DOM LMO

RENCHORALTE LR TIARATRE R, 3DOM LMO o ] T POMIC0

1 * Hollow Spherical LMO
1 o Hollow Spherical LCO
604 A bulk LMO
1 ® buk Lco

F1 3DOM LCO X FFARAEAK ST Tog, 73591 4 249 °C
F1 238 °C. 5 bulk LMO FI bulk LCO AL, 435I [
T 45°C F1 63 °C. 3DOM LMO F! Chain-like LMO i 405

A7 L B IR AL SO R WA RE (59 Al 62 kI/mol)

Toluene conversion (%)

20:
I ST bulk LMO #4671 Eff) (97 kI/mol) « 7 250 ]

°C TR 50 /M, HIHEAE 3DOM LMO HEALH L T
140 160 180 200 220 240 260 280 300
FEAV IR W B R R, FLAL AR . LTI Temperature (°C)

L AL e s, KRl 2 TR AR LR 5 R R
LaMnO; fil LaCoOs # it HAT I K AR e 1
FFUL RS, BATAN 2 LA R A I R A AL AL VOC [T RE S A
7 1) AR TR R A A PR AL R« 850 oo PO VR R Pk P L L PRI Dt A
2 % X W

[1] (a) Y.X. Liu, H.X. Dai, Y.C. Du, et al., Appl. Catal. B,2012, 119-120:20-31; (b) Y.X. Liu, H.X. Dai, Y.C. Du,
et al., J. Catal., 2012, 287: 149-160; (c) Y.X. Liu, H.X. Dai, J.G. Deng, et al., Appl. Catal. B,2013,
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140-141:493-505; (d) Y.X. Liu, H.X. Dai, J.G. Deng, et al.,Appl. Catal. B,2013, 140-141:317-326; (e¢) X.W. Li,
H.X. Dai, J.G. Deng, et al., Chem. Eng. J., 2013, in press; (f) Y.X. Liu, H.X. Dai, J.G. Deng, et al., Inorg. Chem.,
2013, in press
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OB-14
SENHRNKRENKAESHEREBRAR
BRE ™, AAE, Rpsh

(PR 22 AL 2 ) B ST B R o il S I PR B K S S5 %, =2 M 730000
b BB, dERT 100049)

KEEIR: W, KL, gKEE

MR ARFERIKIGE, FERIRAAT T G T La(OH): 90K . BIFFT T ANIRIVE WipH
(B ZKFAIRS () A X La(OH)s 24 KR T B RS M B SR FHXRD L TEMK ™ ) I A R S5
JOFBHTRAE, JF%5 4T La(OH)s A K HR 2 AN [F) i PR AL BRI MV 04T o B RERN]: 4%
WpH=12, /KFRI S 41200°C , FKFRINTR) 424 hivk, R85 H B RAF . TESURHEAT 7 1) La(OH);
KN TS (I La(OH)s 9K M A%k 25-45nm, K J& 24400-600nm . La(OH)s 44 K45 £:400°C .
700 C KL BE 73531175 21 La,0,C05 MILa 05 44 KA, TEFAT LA R UF4Efy: HLAE [ A Pb PAAF T,
DS 598 Ay R T 45 £ La(OH )5 A K s E LA R 8 o 00 V2 1 45 P La (O H)s 2 K AR e BE A M 2 o
JEAT I TESL
1. 515

M L AKIARL, Sl B IO R AR 4F 2 7 S50 S5 QUOKRAPRH R, 7EfEA 7
VRN MRS ROEMRI SR T R S AR B, R R R R e E, W
FAVEBL AP, BAD) A T e A AU AT 25 T 2 (N o HRTARKHR A S &
THEF R RBERE . UUEE A G BOERUK GRS o @I KA RN — . B3
TP geRR LAY, Bk, Btk UL AT B R LA, Ay
FIS AN DURAARE, B0 SAT R 2 1y P

2. LIGERH

2.1 La(OH); 4K KINE L

2.5mmol La(NO3)s-6H,05% LaCls- 7H,0% T-2mLZE MK F110m LG /K 201 S RE TS VA
SR )5 FHAMNaOHIF I 15 i pHE . SR BEHE30miniT, B P ASl AS0mLR B 38, 448
] B I S PR AR 8 2h 60-80%.0 AN IR ISE (R JLAR rh S B — s IS T o O RS, Bl as 33T
WEY, ZEBK. JoK CREZRBER, R N80 CHUAR T-1eh. AR ™ 1) AR R AL .

TORMFS Tel.: (0931)4968066; Fax: +86 931 4968129; HiT-li{F: songhl@licp.cas.cn
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2.2 La(OH);s 4K He ) Bt
B ipH=12, 200°C/KHALFE240 IS F=H (hric HLHD 437I{E400°C, 700°C 5y i
FEEE3h, 4 BIFRIC N LH-400, LH-400, WSCAERE S DARRRAE .,

3. R 5111t
3.1 La(OH)s ZHKAR I KA 551
3.1.1 W pHX P I

N2 G RpHRT =) R 520, I AMEUAEAL AR U158 K pHE 43 51 6, 8, 10112,
FEIK AL E200°C e 24h ), A3 BRI 1, X HEATXRDDIA 734 (K1) RITEMIE
FiWaE (E2). WELIATLLEH, M ipH=6I, #ATLa(OH) A A M i HipH=8, TFiA
"opiLa(OH)s M, EATZRMIAFAE; U BpHIE N A2 100, Ao\ Ty Al FILa(OH)s;  pHitE—
AEEIB120,  La(OH) AT IR 58, BT BOIGEAr . AT LA, i 3
AW pH I SO T IR K AR o B RpH MBI, =0k KIBCIR G544 ¥ iBipH Ay 81,
PRI AR TIpHI IR0, ALK MpHES N 12)5, AR K
AN TEERBURE R AOK A o

Intensity(a.u.)

T T T T T T
10 20 30 40 50 &0 70 &0
200)

1 AFEE pH 418 1, 200°C /K4
24h J5 771 PXRD [&l: (a) pH=6; (b)
pH=8; (c) pH=10; (d) pH=12

3.1.2 ZKHGELEE XS = P 1 52 )

F AM AN pH=12, 40T 120°C, 160°C A1 200°C i 5 T 7K #4 24h 1)
XFECSEE, FEXS = k4T XRD A TEM RAE, W&l 3 F1E 4 78 . XRD 4521 WoR, 75 120°C,
160°CHI 200°C =Ml B2 4 AT T, 394 ali7N J5 1K La(OH)ss  HBEAE S NIl FE T, Aoy g
B, IR0 TEM ELR RIS 120°C IS 30 ™9 A 9 KRS0 /b /s FRUBE R IR 40
160°CI, AR AKAERI D EHBCR Y 200°CIN, A3 201079 KNS — . TESURIEE (144
K

2 AFE pH 407 T, 200°C/K 44 24h )
P TEM 812 (a) pH=6; (b) pH=8; (c) pH=10;
(d) pH=12
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Intensity/a.u.
% )

0 2‘0 30 40 50 60 70 &0
20

Kl 3 I pH=12, {EAIRIZK R
BV 24h J5 =) PXRD K : (a)
120°C; (b) 160°C; (c) 200°C

K 4 %W pH=12, (EANTRIZKBGEJE [ W 24h J5
P TEM [&]: (a) 120°C; (b) 160°C; (c) 200°C

3.1.2 ZKFAIRF AL P ) 52 i)

HAM AN R T pH=12, 35T 200°CoK#AEEE 6h  12h. 24h F 48h [1]
X EESER:,  FERTH M) HE T XRD A TEM EAE, Wil 5 F1E 6 s, XRD 45 R R, 7K
SN ] g 6-48h I, FE4s8) k4l T A La(OH)ss  HBHA [ M I TSR, A7 i i,
PRI SRR o B TEM R RTAN, KRN 6h I, 74 2 A K ORL AN R
FERIRRRYD ;s KA 12h, AR O R AR R SERORL ;s 7K A0S BN ) B K 42 24h 1, 7=
KNS — TEHRA TP IAKEE 2 NI TP K 42 48h I, 4Kk AR AR,
KREH e

Intensity(a.u.)

2007}
Kl 5 ¥ pH=12, 200°C /KA [ I} ) J
P PXRD [&l: (a) 6h; (b) 12h; (c)24h;

(d)48h 1 TEM [&]: (a) 6h; (b) 12h; (c)24h; (d)48h

3.2 La(OH); 44>KH5 () FAH: it
La(OH); fEAFHUCHERE T, R FER Y. 73 0RE 400°C . 700°CHAb L)
LH-400 F1 LH-700 #¥ 51 12E4T XRD 1 TEM &AL, i 7 FIE 8 iz . XRD 45 2R %KW, La(OH);
(JCPDS No.83-2034) £ 400°C, 700°C#4bPE 3h 54 1k A La,0,CO,(JCPDS No.
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48-1113) R4\ J7 11 LayOs(JCPDS No. 05-0602). 41 TEM J#J 5o, #i pH=12.
200°C/RH 240 AT RSP RSN La(OH)s 4K, EARL) 25-45nm, K&
400-600nm; La(OH); 4KAEZE 400°C, 700°CHALHE 3h J5 3 RE BT b4k R S AT (KRR 500 o
FiAh, FERIEHRAEIEAIE T, LL LaCly 7H,0 83U (LH-700-C) #Hl#51¥) La(OH)s 44K 4 Lt
UL La(NOs)s 6H,0 Jy i (LH-700-N) #4611y La(OH)s 4K H BRI RS, I
H RIS o AT T P P B b B NaCl AE bRk, 78— 5E
FE 1 AEE T L1 La(OH); 9K HERyHube 4 A A2

Intensity(a.u.)
f

7 W pH=12, 200°C/K# 24 h J57 )
f¥) PXRD [&: (a)LH; (b)LH-400; (c)LH-700 Kl 8 ¥ pH=12,200°C/K# 24 h J5 =¥ (1) TEM &
(a)LH; (b) LH-400; (c) LH-700-C;(d) LH-700-N

4. ZEig

TETCAEMR AR, L KFGES T R, TSI La(OH) 40 Kk, Hit
2J25-45nm, KZ7400-600nm. FFEERIT T ARG pH 7K AL B RIS [a) 5% = ) ) A A TE S0 1)
oM. PR A La(OH) s 48 K2 4:400°C . 700°C AL T 23 71175 3] La,0,C05 AllLa, 05 40 K, T

UG RAFAERE . S34h, FEREEO RE, & ENaCIFIAEAE A A T W S 4 F .

Z £ X #
(1] BHRSE, WG, AFEAE, LaOs GUKEIHI% ACRILD]. #it, 2007, 28(5): 28-31.
[2] Y. J. Wu, J. Wang, P. Liu, W. Zhang, J. Gu and X. J. Wang, J. Am. Chem. Soc., 2010, 132(51),
17989-17991.
[3]Jin, L., Zhang, Y., Dombrowski, J. P., Chen, C. H., Pravatas, A., Xu, L., J. Appli. catal., B, Environ., 2011,
103(1-2): 200-205.

[4] Russbueldt, B. M., & Hoelderich, W. F. (2010). J. Catal., 271(2), 290-304.

[5] Xun Wang and Yadong Li, J. Chem. Eur. 2003, 9: 5627-5635.
[6] W. C. Zhu, Q. Zhang, L. Xiang, F. Wei, X. T. Sun, X. L. Piao, S. L. Zhu, J. Cryst. Growth Des. 2008, 8,
2938.
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P-01

Ag-Co,Ce, [ BT 16 & BRBR HE & NO, RIF 53

SR, RAGE, LESUEN
AT IR S PR R R Ly, B 200240)
KA W, NO., [FIIN 2Bk, Ag-CocCey

1. 8IS

SEMMHFRIR M S NO SRELAAAH ORI G &R, ekl ML i 77 i ke, PRI
TG B AR SCR, NSR 55 AL BEEORIY TR LI NG RER, WG A BE R SEH)
AR, TN 5 NO [l AL 25 BRI R R R ARG, 5B RS i S A2 2] 1)
2 IS AR AR RN e A i 2R PR R A 5 NO AEREAL AR T 2 248 Ak
IR, A ST TE 1) COp e Noo ANIH LA IR HME 70 T4 31— n] DB AR A 1)
PRI L o ST ) S 3 22 S 19 I NOy e oA Ny IR AL ZR AL R, A P IX 28 ]
SEAls AR T S L R T AP S AR e . AWESCTT R T Ag-CoxCex RVIMEALT], X
T Ko NO A7 8L (R [R] i 2 BR AR

2 fEAL B & 77 0E RRAE MR

LA Co(Ac),, AgNOs J Ce(NOs); A HTERAR, FIIATERIRES Sk 4% T Ag-CoxCerx(A)F
FIEALH, JEAA T XRD, XPS &5 T-BUlkbAT 1R AL FHEAL AN (Printex U W 5
B AT VA, 200°C He AU5R FTIAREE 1 /NI, FRIELSE 100°C Jii, 3l 2000ppmNO,
5%0, (He 1 h~F-i =) M2 Ry Tl IR P A 46 A 77005 1o
3. BREVR
XRD 454 GRA L) KW, Ag-CoCerx RIMEATIIFAH I3 h Co304, CeO, L IRJTT Ag.
A Ag 18] Coo.o33Ce0.067 AT S 13K Ag K] Co304 IRIFE S IFT CosOq VIS ) /N A1 BE DB
XEHW Ag BT I Ce B 12 Cos04 itk MIZIK IR IR . 7ETH Ag-CoxCe(A)RFIFE AT,
CeO, W [a] /A FEAAS . IXFTREARE T85> Ag B FRENT CeO, 1k

AL TE N L B Ag-Cos04 1 R I Ce m] AR THBAR AL AT (B 1D o
2 Co 5 Ce tUHI 14 (x=0.933) I [FJIN 2 BRERM S NOL MU R Bt LI, B A 5
T10 XK 226°C Tso A 260°C Top A 296°C; NO #64b 4 Ny I KEEAL R AE 268°C I IAH] 56%.
WA P BT I CO AR, [N i IHAR A R CO, IR REIE Frik 100%, X R WIfEAL 7 A A

T BIHEBERA
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ﬁﬁgﬁ E@%&’f’blﬁfo Ag-Coo933Ce0067(A)1E1£%U%E<ﬁiﬁﬁ?ﬁ"]ﬂﬁ%ﬁ, é}t}ﬁT 7 ﬁ\ﬂﬁ%ﬂ””ﬁt}a;
WYL EE RN (&2) .

1005 —a— st cycle
455 —e— 3rd cycle
—— 5th cycle
- 80 —¥— Tth cycle
5
__ 400 H
) B =
[}
g 350 § g
né = 2 404
S 300 -] @
= 13
250 205
200 0 T T T T B
9 14 19 100 150 200 250 300 350 400
x/(1-x) Temperature(°C)
= . p2ss vE M B e M
1 Ag-Co,Ceyy 1A Co:Ce fEXTHEALIF LR M /2 Ag-Cop.933Ce0067(A) M ANERIK
: : 100
NO2 NCI3 (a)
! Y
(b) 80
o (c)
§ ¥ 60 -|
£ @
5 (d) =
E W 3 9
20 -
1270 1384
1000 1200 1400 1600 1800 2000 . J L L 1 :
100 150 200 250 300 350 400
Wavenumber(cm') Temperature(°C)
Ll > VA 5 L S IN==Y
K 3-1 AL FTIR &AL 3-2 MEALANEE

(@Bt Ag-Coo33Ceo067(A) 5 (b)FFEAh a 223 3 MEFL:  (c) a 71 700°C He “Us FALEE 2h;  (d) ¢ 7E
SONSGR T ALEE 4h;  (e)FIH Co(NOs), A i RAA il 4 Ag-Coo.933Ce0.067(N)

3-1 BRI FTIR RAEH, B A6 IR 74 NOs)Fh (1384em™) , K22 M T
R OK A AgNO; Iz Ce(NO3); G I 1 NOy™ (1270em™ ) W FFRAT Bk Y, 3K Al g2 i
TAHEALF R T AL PR, AL A I 1) NOy IR B T NOy e H b I8 T 5
1 700°C He WK1 J, 7E FTIR EIHRA S S NOsy ', KW NO; VA il AR E A7 A i
PFRIZETH (¥ NO; MR T B2 AL AN PE ORISR E MR 3%, ROV U I NO & O A
T A A 9 3 TE R B b 78 NOs 0T, NOs )R IR 1 B 23 25 B S A BB D 05K NO, 25 3L
ARG HEREER IR NOy I 23 JF HEATE PE T B R R (181 3-2) el A fr e A
AL TR T NOK W B /D B 0 e M 5 A 70U TS R SR P e e, 3K 8 Ji PRI 38 ]
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AETECHTEWI G MR AL NO, R IAREE 2 /NS, FRREAE AL FIRTI NOS 1/
Jl HEALTE PEAR AR 2 T ORI AR E K, X HE— 2D UER] 1 B 5 Al 3R i
A ) NO; IV T2 B MR RGBSR BE N 3R o D T S0 UE AR 125 0 (e A S I ) B e
AHEFLLA Co(NOs), HHTIRIAE T Ag-Coo033Ce0.067(N), TERTIRAAHHE—2 5] N NOy', H
W TEMS T Ag-Cooo33Ceooe7(A); LA &5 RIS WAL AR IR SR PIMH AERR A NO, [R] IR

AL PR N i B T

T 5% 25 Bl Ag- Coo.033Ce0.067(AV, LTI IS Hi B 02 7 (O1s 45 45 fE 535e VD
(KB4, [N, #4> Ce* HHR 5k Ce* (903eV, 885eVE)): MBAMIFILE Ag-CoyCe:.x 71K 1)
AL SRR SRR B, TI7E CoxCerys Ag-Co304 K Ag-CeO, 5 il S fi i I AR A
H, XEWRITEE Ag, Ce, Co HBMIAFAEFARTRIVAHFLAEN, B MIFh ] G843 M FP 2

f.

LT T
| LR Wil I
Ce3d i e
7‘1,1*:}'? v

ce’

940 930 920 910 900 890
B.E.(eV)

(@

I J

%.“J"ﬁf‘“r”x“"f'“l’l"‘n"?i"m\ ;." .) |
w :-.“_ “l\M'. i

Ce3d b
Wi i

T T T T T
940 930 920 910 200 890
B.E.(eV)

©

Ois
535eV
T T T T T T T
540 538 536 534 532 530 528 524
B.E.(eV)
(b)
O1s
T T T T T T
540 538 536 534 532 530 528
B.E.(eV)
(d)

K] 4 Ag- Cog.033Ce0.067(A) ST H K EAMIE A J5 Ce3d (a) 2 Ols (b)) XPS Klils, Ag-
C00.033Ce0.067(A) SRR Eefil Ve A J5 Ce3d(c) S Ol1s(d)i1) XPS Kliik
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Ag-CoCey RFIMEALFIXS T 1A J2 NO, H A 1R Uf 1 [5) B i 4k 25 B g 25 8, dorp
Ag-Coy933Ce0 067 iﬁ‘riﬂEi{%(T1o=2260C, Tgo:2960C), NO, #4t 4 N, M) B¢ e A A AR IR 56% 0
AT NOs ™5 O YA AT BE A 57 M {1 A3 12 1) OB IR 2% o

5 % X #

[1] W.F. Shangguan, Y. Teraoka, S. Kagawa. Appl. Catal, B 1996, 8, 217-227.
[2] D. Krix, H. Nienhaus, Appl Surf Sci , 2013, 270: 231-237,
[3] E. B"eche, P. Charvin, D. Perarnau et al., Surf. Interface Anal, 2008, 40: 264-267.
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P-02

o2 EmEE AR L NOLKIR NH;-SCR M 8ERY 21

CHERBT RTINS, B 200237)

487 #it42, MnO,, NO,, NH3-SCR
ME:

A& T H 2B RN AR, BT Sm &, Kbl Sm-MnO,
fEAL ) I NH; 3P PE AL IS S5 NO, (NH3-SCR) P RE I FE I K X BF£EA75 (XRD) , BET,
FEFPTHEMBM (TPD) |, JEAZZL4h (In-situ DRIFT) , $Hififi4% (SEMD, BE4FH4E (TEM)
XA AT T RAE MR 851K, 1 Sm/Mn=0.1:1 B}, Sm-MnO fH A7 7 55
B, 50 °C I NO B4LF K 80% (453 48600h™), 4/ MG E L 70 °C I, NO #ibF K
T 98%. [FJIF, Jril % K Sm-MnOy HEALF R A8 & IR E PERIBTK . Bt fE.

o

1. Bx

..I]

FEAY) (NOY & —MrEE ARSI YY), HEEkE T MR B IS E RS
Hee M, BT, ZAOEBRMEMALIR]E (NH5-SCR) &) 32 H 1 NOy ¥ b A . AKEH )
BAT NO AN, BHEALTFIR R, 75 NHs-SCR 2§, # st s, Shmm
AURE— ST 250 °C. A SCHFIUAZ 5 24 A A0 A S AL IR NH;-SCR PEBERI 520 .
2. LG AHE

DI 98 4 J B P S AL R ML Sy, AR 42 (Sm) AL, SRITILuiE Ty
P44 T T Sm-MnOy AL 71« NH3-SCR 1k BETFAN K H [ 5 IR S5 3 2, [ )8 4%k 486000,

NS NO 5 NO, (8 8% H 42i-HL 4627 % 6 NO-NO2-NOx 43 1A 5E o

3ERSWR

ANTA] Sm-MnOy fHE 46771 NH;3-SCR P RE R PEO 45 3 B (B 1= 2107 I 22 it 7 MnOy
RS, £ 450 °C fikefa s Sm-MnOy HEALA] (ngm: nyy=0.1:1) (3G MER R, 50 °C
i NO #465h 80%, 4 K Wil T+ 70 °C B NO # bR KT 98%. XRD 454 (B 2) %
W T A AR £ 204 MnO,,  [RIINAT MnsOs (7. Sm RIS I G FEAIC MO, IR 45 5t
FAT AL 77 R A B AR AR

*E5 973 #% (2010CB732300) 1863 #% (2012AA111717)

IR R A Tel: 021 64253703, Email: gzhlu@ecust.edu.cn
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M S FL B IR ATt Smo -MinOy A F 32 225 47 90 K J0RE B I IR 400 Ky 7
Tt 4544, 11 MnOx AL A AL F BIRIR A K v CRAIH o ks 4SRN EE 43591 4 0.276 Fi1 0.320
nm, 3% BT SmMn,Os (002)F1 MnO, (110), BEH] MnO, F5IA Sm 5, BT H7 i
SmMn,Os. NO-TPD ([ 3-5) #f5t& W, /D& Sm IG5\ 48 m T MnO, X NO (W bt 5,
I HATBOHST T MR NO PRI BN B B2 o 3 JSU T 2 M T A [l B2 ot B ) U A )
Fir

MnOx-450
1004 + MnO, Sm-Mn-0,01-4350
- Sm-Mn-0,03-450
80 v MnsOg Sm-Mn-0.05-450

Sm-Mn-0.1-450

A ot Sm-Mn-03-450
60 ./"'M " m-Mn

—=— Sm-Mn-0.1
—e—MnO,.

Intensity (a.u)

NOy conversion (%)

b —a— Sm-Mn-0.3 mo\u:\..‘_,'\w\___
2 —r—8my03 A H . 2
O y— v v r——v .....-:V:\ > i .V.\."\‘__M
=20 T T T T T T
S0 100 150 200 250 300 350 400 8L N I N T S T
Temperature (°C) 2Theta degree,
1. NO ZEA R _E R0 3R B 2 AL B XRD EE

IR RIFFOE R I, Smo IIMANAT &cem T AT M PUKPimitERE. MR EAN 2%H,0
F1 100ppm SO, i (& 6), Smg-MnO, fifb5_I NO, b %N 80% 447, WEHT MnO,

AT (59%).

saturation 1215¢m”
sweep for G0min at 22°C

1567cm” saturalion
! weep for 45min at 22°C 0\

100°C for Zmin

100°C for 2min | 0.02

4
1306em ! 1202em 1543Cn1-l \ 1

1080em”
- ( .
250°C for 201622~ 163 2em 1029¢m

.I 1
1 \ % ']ﬁ‘ﬁlcm_l
C for
v 3T min " | 15
. == S
_.—_-—‘v"/ P A30°C for Zmin. 5 -
[ J
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S
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‘

T 1
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400 4

350+

100 4
0
102°¢ ——MnO, M
——Sm-Mn-0.1 5
Sm-Mn 304 ‘\

——Sm-Mn-0.3
0 \
i1 Mty \(’\-’/—

3004

=
E‘ _—
> S
E 2504 394°C g
= 2004 iz
= 2 40
5 1504 z
2 [=] | ¢
£ 1001 2 ad ,// lrn\;;m S0 on
S C”‘ - | S0ppm SO, on ’
= 504 | 2% H_ O off : -
) Z 04l oo 100ppm SO, and 2%H.0 on /
Z 0 e 100ppm S0, and 2%1H.0 off
0 100 200 300 400 S00 0 4 8 12 16 20 24 28
™ O -
Temperature (°C) Time on stream (h)
— = 5
B 5. AF Sm & E#EMAFIF NO-TPD & 6.MnO, 1 Smg 1-MnO, BALFIHKPTBR R

WA
2 % X M

[1] Z.H. Chen, Q. Yang, H. Li, X. H. Li et al., J. Catal., 2010, 276, 56—65
[2] X.L.Tang,J. M. Hao, W. G. Xu et al., Catal. Commun., 2007, 8, 329 -334
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P-03

CO FAALIE X CuO/CeO, 1L CO IEJE NO R 8IS M0
B ED, =R xALRY BEe Y Sk, J:a et
C R R A T2 B, A A 0 S0 =, VLR AL 2100935
O BURSEHAR T L, YL IR AW 4 R Y thl E s S =, VLR R 210093)

EKHF: CuO/CeO, MHALF, CO TRALFE, 42547, NO ik R

HFEAEAL T VF 2 A BN P R R Oz i, JEHLE CO b R BV, NO IEJR %
PRI RK B AR e S i 0 AR 2 7 00 P R B S AL S AL S, BB i v 4L 4
CA R Bl A 25 DA B SR AR 5 AL 4 (R R A P, XL, I SR AL P
BRI INE . X BT R SR AR I B, I B m A R i e 59—
Jriii, CuO/CeO, ALFIAET BRHLSNZE A LI S b 2 v B A i o, g ik
HUE JFOR IR AL CO AT R T AR QA i 3™ SR, T T A0 BRI 42 o I 3
P £ i R R ARRE 1) TAR IR L8 /b o ASSOB X CO TRALBE R CuO/CeO, AL CO & J5 NO [
JRRIBEAT I8

AR T CO KA CuO/CeO, fEALFBEATIE S5, FF IR T H kb B AT 5 AL NO+CO

SN ITEE o S F T XRD,LRS,XPS,Ho-TPR Fl 547 2T 41 177 VAL 7 (AL 2 5 LA &2 NO
I CO EMEAL TR T W B R U BEAT T 3R AE

1. RIEER»
1.1 TR H &

CeO, [MEAIEL Ce(NO3)36H,0 M B IEATHI % o ML Sg Sk THR b, WS
AT R AE 500°C R n#vsrfif sh, WEEE R .

CuO/CeO, HEALFIR HIRWHE KM% o K-S Cu(NOs), 5 CeO, BRI S, S0 N
ibE 2h, Z )51 80°C FHiHE 4h, ZJGTE 110°C FHEFEAE K 12h, fJG/E 450°C RS 4.5h
il & A3 BIFE A

CO THAL B[R 43 76— A A FE B I P 3EAT B A 57 BN AT SE B, 76 N, R 500°C
AbFE 0.5h, FEAMREIZ G, HASEBEE PIEA CO-He “UHE (10%4RIE 8K CO <
), 25N 8.4mL/min, FFAE 150°C NN the #ACEERIMEILFILE N, FA RIS =i, 135

IR R TSR I H A RSN ZE AL AT ST 5 I (BE2011167)
ORI (025)83592290; 1L (025)83317761; HiF{r4H: donglin@nju.edu.cn
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I FBE 0k xCuCe-CO, x A8 100m* K F CeO, ¥ CuO [ mmol %4.
1.2 L FI A9 FRAE

X HHEEATH (XRD) MR LE Philips X’ Pert Pro 4 2 Sk K ATHHX _EREAT, KH Cu #E (L
=0.15 nm) JyFRHHE, Ni gE . B 40 kV, FHITY 40 mA, 20 ST FEY 10~80°,

P2 G (LRS) MR Jobin-Yvon T64000 HUHir & it { FiEAT, Jeilt R T Ar'
Wk, S16nm 3K, Th&E K 300 mW.

X SR L T BES(XPS) IR AE PHI 5000 Versaprobe {X#% F#E(T . 5K T 25W 1 Al Ka
Uk (1486.6 eV).o FEANTEZ M NI S EL B AR EE, A BB RE SRS 284.6 eV NI C
1s VSR 5 o SER IR ZEAE 0.1eV JulH A

H,-TPR IR AT 95 U BV AT, KA Hy-Ar (73%AFLEI Hy) AT
AL, BERT 50.0mg HIRE S HEATINR, 78 300°C K N, Ab3 0.5h, 1% 2 il gl A\ Ha-Ar.
TPR [{7H3#E % 10°C min'.

J5 A7 [ 2T 483 (in-situ DRIFT FTIR)ZE Nicolet 5700 FT-IR {8 (T, RAEMBE KT
[k 400-4000cm™, — VK B HEVREC A 32 WK, — VR FREREIE 10 me BORES, FRIEAUS
N 300°C AbHE 0.5he fEAHIBI RS, K 514 SBR[ 1 e R A LAt kAT CO
TIALER, FRALFLRIATEAT FRALBE (R #0A H) 42 5 i 5 HET CO-N(10% AR 1) CO)RI
NO-He(10% /AR & 5 1) NOYIWL B, 25344 5.0ml/min, WY H 30min. CO AL EELEAN [H] I

&R AT

13 B R

MR RE PR RGEFAE B RAE — DS R SR P AT, AR EE SIS NO
5%, CO 10%, He 85%. RHIATJEBI VAT — e 50mg IAEALFIRE o HEALTH oG
7E Ny B 300°C TRALEE 0.5h, 2 J5ve &1 SR AR A SN T SO AEANH] AR BRI
SN RIS W A

2. ER5e
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Cu0 loading amount(mmol Cu™/100m)

CuO loading amount(mmol Cu™/100m”)
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]
= 2
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0 o L
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0] (g [EJcuCe 200°C | 0 =ewce | 200%C
5] | I CuCe-CO 90 1 I CuCe-CO |
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704 10
£ ;
E 60 _ B0+
5 g
bl =1 50 4
g 50 3 L,
g and = 404
S =
= a4 304
204 20 4
10 4 10 4
0 0
05 1 2 0.5 2

Bl — A Al cuo A di s LKA R FE T NO+CO e M. I NO AV # (a.c.e)FIAE i N, IR1IE#E 1 (b.d.f)
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Intensity (a.u.)
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+-Cu
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~. CuCe F1 CuCe-CO &
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Intensity(a.u.)

Intensity(a.u.)
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Bl — W T SONAEAN R N NO AL R AE B Ny I8P 4 SN R A
100°C I, CO F AL HE A KK MAEAL R AL S REG PE o BEERLE R, X Fh CO
TRAERAT R (5 PEHE R KOKHB AR . 7E 200°C I, CO FIAL BT 5 (3G PESEAR [k %2
SR, —AMEE T, CO WUALFS B Ny A2 e FE A4S 2 7O K g mr . b TR CO Tl
AbBEHE B PE IR IR, VE# X CuO/CeO, AL AT T 5%

Bl /R T CuCe £l Al CuCe-CO 1 [¥) XRD #74El, 05CuCe Fl 10CuCe ¥ fiti b A

M CuO S ARAT R 6, BEWIAEIXPIAAE A, CuO #5220 B TE (A7 (E . T AE 20CuCe

FEfh LT LRSS CuO IATHIE . T CO TARERIFE

05CuCe F1 10CuCe [PFIEE S 1)

g5 CO RAF AL, X T 20CuCe, CuO [N, RN HIL T 48 Cu A7

I, Ty LA CuO BAS R T Culs

T L HRST CO TAL LT, HEAL IR I Cu P FlAN Ce YAt K142 4L, VE 2 2E4T T Raman
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05CuCe . :
451 !
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HXPS MR EAE . 1B = (a) W hL S OLRER45 1, 445.0-461.8cm™ 4b hy i A7 CeO, () = FE i I
Fog (15 S 0600, ST AR AN FRARE oKL, AT —A 600 em™ A15 5 04 JE1E - M Ak 77 A0 s
B BRI AL, IXANEAE CO TRARER S HIL T A%, S U0 Y T fhe A 7000 T 1 A Pk 32

(a)

Cu2p
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952 8eV
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LT A5 e FH Teoo/Lago FT LSS SRS IOARHIRBE, AR, U ok BE KT . I
—O)MEER AT LR 1, CO FRALHR AR i 1 S80S W A B AAC T # R4 i 7

MEIU ()Y XPS ZidkE, W FHTA AR EL R SR T Cu M MhIEfE S
XF T AL BERE dt kB, EATT 933.1eV fE IR H] T 931.1eV, XULHI I TN &1/
Cu WA, 7F 9406V 4k — 4 Cu ) Shake-up U4 JLF- 5840 B B8 EDUE LWL Ao E— kit
MDY (b)) Cu LMM 45 KT LAG i, ALBEHT 4 Cu ¥ 569.2eV 5 SIEAEN T 570.4eV
A1 568.2eV (KW, XM E A Cu™An cu®™, ATLLUL, 7EACHEE G, Cu MRk 748
KT . RN, fE#EEEL Ce3d ) XPS KL Ce WML 2 J5, MASWRAETHIC, H
FIFI I T 21 =AM Ce IPIFH.

ZJ5 s AFF T T Ho-TPR HYSRAE, X T ARALFERIFE ki, 05CuCe Al 10CuCe HIFE
BT 127°C 1 149°C WA, #0FRh CuO [R50, 43 9 I8k Cu®'—Cu” Fil

Cu'—Cu” A, 67T 20CuCe Sk, FEAGEHILT 172°C (BRI, 1HJE A &4 CuO

5| 05CuCe (@) 10| 05GuCe-CO ®)
\N\ 2143
= 1278°C g380 | =
i o v = '
B 1 200°C 3
4 . ' 2
§ T~ ] 5
= L 175°C T =
: ; 1623 m
1277 15 ; HN\V_
50°C
— ]
T T T T T T T T
1200 1500 2100 2400 1200 1500 2100 2400
Wavemnumber(cm) Wavenumber(cm’ )
5| I 20CuCe () 10| | 20cuceco @
2143
= . 275'C 2360 = 2143
2 m £ 1250°C T
5 L 200C 5 \“‘\V‘
- Do 623 T L | ¢ oy 1623 75—
: L-w\hlﬁgﬂ/__ : : 15070 )
T T T T T T T T
1200 1500 2100 2400 1200 1500 2100 2400
Wavenumber(cm”) Wavenumber(cm”)

KT . NOxco WE R 2T hTERG B 25 BLIKI(2) nsCnce (hY O8CHUCa-CO (A 20CHCe (d)
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R SR, T CeO, KM O MRS M4 Cu'—Cu’ Mfs B FT iR, X T4at CO dbEE)
PESh, COPIE SR LT R T, B RE S ) Cu? IR R T, T Cu'—Cu’ (45 5
RS 1) TARIELIX, X ATRE SR I Cu BRI AR U E A DG, XMERAA R
T Cu'l Ce ik Jito [, WS =AFERTE CO MBS I rT LLUR IR, B4 CuO Fiais (1
SN, A Al PRI it T M PERAI, X T AR U E 2 B Cu B RT3 i 384
SR, Ho-TPR HIEE R ULH] 1 CO TRALBE S, FE R T H L 72 KA Cu, X 55 Raman
LA XPS AR A

H T S IR REAS R T, FRUA B i PR R R (R ma R DX, VR AT TR
NO 5 CO WFL B (1 Jr 7 LSRR AE CEI T o R P AR kUt #5546 NO #0Fh i) =4
MR BRI 1277 e Ak 7 AR 46 1 B2 MY, 1456 em™ KbV AR 5 14 B 4 W LA &% 1623 em!
K0T AT B 1A A QR B0t i CO PR B B H A 2101 em™ () CO-Cu i L 2 2143
em™ AL[F (CO)-Cu'lé, I5AT CO,7E 2360 cm™ Ab (KW !>, Lk CO A BT 5 W ALK
L, EAHRR ERYIRNAEAL B 5 A5 5 WO ISS, Ul R YA S ) 7. 1 CO R
WS RS DO A SEAR UL R R B, [RI Wi B B N o 455 Raman A1 XPS FJ AR 4518, Ak
BRI e R SN PE AR EE 32 AT Cu PRI 28 A B B e O S ALISE A ¢, & pr Cu 4
IAEFITF CO MWK, O MBI AT NO M. 1E 100°C I, ¥ IR LR
WPERG I . MEETE SIS, NO fEMEAL R R B AR AR E, CO MR AR T 43,
R Ce AT AP N ) CO 3B J5 A3 21 O A, PRIl B2 T v J AR BEL i S FRHE A 77 128
Ffblo HIEETHE G, BT Cu R skt Cco AH G MR %, Cu™HHIT N0 5 CO )
SNAERE Ny, PRI SN N (IR FEPEAR SR 72 CO AbHE I R4 i o

L RAL AT LA E , 75 CO TALHLZ Jm, AL IR AR A4 LA S S e (K A 2 1
S, fEAF CO FEMEAL TR FRIWRLBR LA NO FIf# BSAR 1345 5y, IX 4B PR AT RE S 2T S MY A
TEFENE TGN -

& % X M

[1] J KaSpar, P Fornasiero, N Hickey, Catalysis Today. 2003, 77: 419-449.

[2] X. Tang, B. Zhang, Y. Li, Y. Xu, et al.,Catalysis Today. 2004, 93-95: 191-198.
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P-04

3DOM Al,O5 B & & 14 §if 48 14 57 B9 1l 2 K 18 1K S i 7x U
PRIE 1% BE T 5T

¥R, FEK, RET, TEE, B4, 0B, BEFE, FHT
(PEARS (bR FFUME K E SRR, bt 102249)

KRR Ui RAL AL AT RN

F

1 5E

i

FRF TV R ZINL, SRR BN AT RS E m. CO, HBUR. Hak. 2k
WU B A VRS0 A, W] BUROR I 2 Ak BE s R SR ATBEAIC. CO IR,
T, HLEhZE Sk 2 2410 & R kA 3A o (R S A LAE A P b et b S HE RO B 1)
BRARERIY, o 70%R4R /N T 0.3um, A2 KA PM2.5 10 EEOkRIE, XA
ARG FA K, RIEAR SRR R AURE (K HE 5 L A SR B Ak T 3 s e =4
AR KA 3DOM) M B RGBS A P RALE ), fLAR7E 50 nm B L, wE
A RIS R S AR B R k. Ce B&REMMIE TG0, W
2N VARG R AR R RS DU A AR BEAR 12 45 (1) 3DOM. Ak
BRI, R AU B3l IO R A B AR 2R 3DOM. A b, JEXT
3DOM CeO/ALOs #EAX T IAMHBREE AT VP, AT TP IRIA8UR
2 LRI
2.1 EWILAMIRTEE (PMMA) Tkl &

W 1 P L N TR P R (MIMLAD R 25257 /K #1000 ml DY 1),
W Ar AR, INFAR RN E o R IR SRR EE R 5 R RS AR A (KPS)
IKEHIMANG Y, Ar SRS T HEE 2 h, R EIHMIETS 2 SN =) .

2.2 3DOM SR B AR Il
B2 PMMA $0ER, 7F 3000 r/min 45 R0 10 h, 52 EEE,

T EZK BREEES (NO. 21177160, 211732700 , EZEEHLHS 863 1% (2009AA06Z313) , w1 [E A
K b0 BHFE R4 (YIRC-2013-13) #EHIHH .
"B R A (Tel: 010-89731586, Email :zhenzhao@cup.edu.cn)
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AR B (KA P B RS A i AR B o LARH PR B AT — S B (AT AR IR K &
AU BT IRAA, IR, 5 78RBS e R B IR AR i, Kl
JEJE AR E T S0C I A TERAT T, AP THR S 600°C KikE 4h &
BRI A 21 H K74 o
2.3 3DOM AL EHH B AL Bl AL 1 ) #5

FF S0 5 A i B DI SR 3 0T, KRl 5 3DOM Ak i i L gl
PC R 5 ML A AW, RSB AR AR Y REA B S N RIS JE sl <A
PE, PEHIEAUR 100mL/min, 2 HEI0E AL AT R LG B0 WS R 2K
WG AR LUK ROE L 57 S PIRF RS 1 40 nm (RLSLY RSB
Sb, HEBGRG, AR AT W U T 1R FHAAE 3DOM. 4 fk
kL, IR ARG R R TR RS, 733 3DOM AL ERH 1 4R
At fiEAL T o
3 &R

H P 1) R AR e A SRR e D il 6 T = AT e R LA R Ak,
LU B A IR A R AR AL B B, IR B A RALE T o REASRALAR
55 BRALAT PRIl 12 AN/ NG AR LSS, 4 B P 8 AZ IE I = 4L 3E M
2, BATREFITSE. SLAMBERKY T 3DOM EAD LA, 113%
(I R P A

-u A0z

CO7 concentration/%

1 a:AlLO; b: AlLO;4H%; 2%Ce0, c: Al,0; 0% 10%Ce0, K 2 Sk IR AHEURL I 7E 3DOM CeO,/Al,05 1AL

B2 Dy IERBURIIAE 3DOM . AL O E AR EA [l AU A Al L (AL IA SR I 2 i
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() CO, WML BTN, AHEA AR, R U Bk Jsk4H 3k
KA. A S, WS PRI AT P s, O BB AU B R BCR B N, CO,
IR JEE WA I PRl PR 28 T PTG, T W A B A AN R N, 23 55 3DOM ALO; ¢
P HEANRI A AR R, USSR R BAT R A7 BRI AV S 3K v e pufiE A 711
PN IS P A R BRI AN ], AT J T HEA IR AN R o AR 38 3T
# 1) 3DOM CeOo/ALOs AT, X M IA e S N HAT B I RCR, IF R
B, AEAR, X TMb N A A 5 P S

2 % X W

[1] Oi-Uchisawa J, Obuchi A, Zhao Z et al. Appl. Catal. B., 1998, 18: 183-187.

[2] 28, SARTE, PMIAMEAE., hEAILT A, 2004, 20(4): 419-42

[3] N D Yordanov, S Lubenova, S Sokolova., Atmos. Environ., 2001, 35(5): 827-831
[4] J. Liu, Z. Zhao, C Xu, et al., . Catal. Commun., 2007, 8: 220-224.

[S1 Y.Wei, J. Liu, Z. Zhao, et al., Angew. Chem. Int. Ed., 2011, 50: 2326-2329.
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P-05

K-MnO,-CeO, & £ 57 4 1k & L Bk MR B AL ¥ B T 33

R, S, PV, ENN, AR, ek, FEsT
(FEZR PR TR MBS BT, iE 200237)

KRR OB, MEARTERR, EALEE, SLEL, A

WE: ACRIFHERIES% T 25 CerxMnO, X K- Ce,MnO, L7, #5527 HAE O,
RO TR e SE LR SR I A T 1, JFRR T K X T2 CeyxMn, O,
AR B REAL TR PE R SR . WIFFTR W], Kos-CeosMng 30, HAT S IR AIIAKGR IR B #efil B
Twm=2325 C; MM T,=410 'C) . XRD M FT-IR iFH] T B4EE /I (2<0.5) K
A A U R IR 3 2\ A A TR R S AR R 1T th HL-TPR A1 O,-TPD &5 Hnl 41, AR+
A K S5 E T AR A S RE ) R M S R 5, T o5 7 A sl v Aoxt 1
AL AR IR RO 42 ()3

EI=N—R
5

i
Bt A AL ZEHEBG I H A%, SEIHL R A A B A JE L A2 B O 42 (10 14k 5 |
TR 2 1) GE . CeOy T HATI R GG MERE M AE VR R A =AUk R 45 21
Trmp N, B KR NPIIEN], CeO, SbHRHAREE I TS HUR < R ki 47)
(AL AL N 231, MnO,-CeO, AL EHEIE HIAE O, B NO/O, R N ¥4 B2 i 1,
K 2 Fi 0 B AL B, T 58 8 v A 2R A A7) 5 e R A SR Ak (i Ak Y,
AT T K B0 T MnOy-CeOy [E 7 A Ak B R ABURL A Be Mk RE TR 5
1. RWH*E

KRR L% T 251 K-MnOx-CeO, LT, JF1E 8 % OnfAr R N5l 542 714
ORI B B ful 25 AT e R R ) (i AL IR e P e
2. RiIFE

Kl 1 24 MnO,-CeO, [l AR R S B FEAMTE 2 PP 25 4L, 1T LU HTE 8 MnOx-CeO, [l 5 44
JE TR A 200, CegsMng s HAT AL M CeOy (Ty A 400 °C) FI MnO,
(T 4 420 C) , CegsMng s IR KBABEH AR Tm K T2 15°C.

Bl 2 I 3 O K,-CeosMng; REPEVFI 45 R . RRBA K G, BHEAGGHERS T W
FHhdEm. BEE K BRI, BRI, 2 2= 0.5 B, AT MR 5
B (T ok 325 °C) , HE—ie s K S ARG HEE A BRI,

TERABEEAL T, K 5N TRIR B SR R IR R, BEE K Srsnidm, Bbeik
B WAR, 24 z2=0.5 BESTHERIEARE, Tl 410°C, B8N K & B scE W
WAL

*FEZ 863 i RI(2012AA111717)F1 HARBIFEFES (21171055)

TR A Tel: 021 64253703, Email: yunguo@ecust.edu.cn
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4 24 K,-Ceo7Mng 3 ] XRD #E & . 1] LLE HTE K,-Ceo7Mng 3 I AR E] K P90 A7
16, UL K P0Rh L 2 SRS AAAE TG RIZR I . FTIR SRARUESE, K FZE LRI Eh 1 B X
FAAE (FERARIIHD o B 5 4 K,-CegsMng ;3 1) Ho-TPR 35 [&] . Ce-Mn [ #4445 A\ K 5 IR
BRI IE [ g (W2 250°C) , BEE K & & I8 INZae i e B wrif R, 4z = 0.5 ik
BN (HIEEEMER—20

1 K,-Ceo7Mng ;3 ] Oo-TPD i [E] 0] LUE H, 5 N K B 2 LB I T8 R 1 vl B s s i F i
Ko.5-CegsMng 3 HA I 2 5 B I ] B 3 5 7

—=—CeO, . - N =Ky ey Mg,
4000 & CegMng; b, T " oK, CeyMng,
= —4—Ce, ,Mn,, z —4—K,Cey Mng,
E_ —v—Ce, Mn, a —v—K,,-Ce,,Mn
& 3000 —+—MnO, £ 80004 ——K,+Ce, Mn,
=
g g ——K,;Ce, M,
s £
€ 2000 § 2000
@ o
o c
5 3
o o
o 10004 S 1000
o
A\
0 T T T T T T T 0 T T T T T
200 250 300 350 400 450 500 550 200 25 300 350 400 450 500 550
Temperature (°C) Temperature(°C)
] X g3r 3 Zl I 3R ¥
1. Ce,Mn, H'E B ENFE 2. K,-Cey sMny 5 ) 2 Bl AL 1
—=—Ce_ Mn v
50004 0703 K, -Ce, Mn
DEbS S
E K,-Ceg Mng \
E a0 —v—K, Ce, Mn,, ] Ao A4 KeCegin,
g | Koo, =
< 3
£ 3000+ s J\ " A a KesCeMin,
£ 2 3004
] 2
2 2000 2 ““‘)\\M " Ko.1'°eo.7Mno.a
38 £ P rss ittt
« 2004
Q Ce,_Mn,
O 04 N Lot e 07" o3
- J ﬂ ﬂ Ce0,
1 bl
M
0] 3 N T T T T T T M
200 500 600 10 20 30 40 50 60 70 80
Temperature (°C) Mﬂ
\ y o
B 3. K,-Ceq;Mny 3 FIHA B A AL TE 1 Bl 4. K,-Ce,Mn, ff] XRD &
a Ce0.7Mn0.3
—— K0.1-Ce0.7Mn0.3
__ |——K0.3-Ce0.7Mn0.3
= 400 g 3 |——K0.5-Ce0.7Mn0.3
3 K1.0-Ce0.7Mn0.3 | & |——K1.0-Ce0.7Mn0.3
- ~N
= o
£ K0.5-Ce0.7Mn0.3 s
) piigsinad 2
2 S K1.0-Ce0.7Mn0.3
£ 2001 K0.3-Ce0.7Mn0.3 @ |_K0.5-Ce0.7Mn0.3
o 2
K0.1-Ce0.7Mn0.3
K0.1-Ce0.7Mn0.3
Ce0.7Mn0.3
— \\ Ce0.7Mn0.3
04 ] i i ; - . T T T T T T
100 200 300 400 500 600 700 800 10 200 300 00 500 600
T t ) Temperature (°C)
‘emperature
23 .
B 5. K,-Ce,Mn, [¥] H-TPR & & 6. K,-Ce,Mn, [¥] O,-TPD i &
A
£ie

Xl 2% 1 2 51 Ce xMn, O, & K- Cey  Mn O, AL, 7E 8 %0, 5 I 5 Ko 5-Cep 7Mng 30,
BA AR MEAIE T, BB R 4 E T T 4 262 °C, Ty M 325 °C; £ERA B4R Ty Ay 338°C,
Tw A 410°C. DHEM K (z < 0.5) FELURIR R 8 X BE R i, 4 K id &
I (z>0.5) STEMALAIR I E MM AE T . ARG SR SR8 ) R s 4
YRR B0 T AR BN A et 21 T AR o KON T b Al T A e A A e B M A
YA F R BB 5 T R R IR A IR IR e s [T HR i 7 (A 7R 2R T P 3 M S o
WL
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P-06
CuO/Cey ¢7Tio.330, AL 7 BY Il & K H 42 1L iH BR NO 1% BEAfF

*

5

BT 00, MRS, FHC, AFA, GO, MERD, BES, ERYT
CROEREUE TR, AMRCEHA T AR, M 210093;
P RIRCREIARAT R0, YU BLEN A R UG R TSI, MIRC 210093;
© BT AR AR A, S 550001

KRR Wi LHELL, BRERRAAR, @ JRPERE, NO WHER

T K RO INFETTIE 4% T Ceo 67 Tio 3300 WA, IR LGl itk 12k CuO
73 ZIA A CuO 75 F 1) CuO/Ce 67Tig 330, HEAL . B X IEATH (XRD) 7 THELIL R
(Ho-TPR) 25T Bott LIRFE ST RAE, Tl NO+CO 7 f Wt S AL B A T VPN
WA REW], CuO/Cey6rTios30, HEALFIMIAEALTERE 5 70 HIAS CuO (¥13 LL R A AL 7 134 Ji
PERESDIAHOG, M (a1 R P R A6 (SSOV) {8 R W rpite 4+ or T ZAIME ]

1. iIRE=REMN

AL 80 FEARLIK, CeO, ) 2 I FHLEN % R AL IR il s b, S #2 NO,
e o R LA R AL . CeOn IS MR R SAURE SULA K Ce™/Ce™ S LI TRAR IR A FI T
HEACTERERIARTT, RMILAELRE 750 °C DL BRI a2 U RIS LS, 0K 7
AR BTG W] 2 R[] 4 T 198 CeO, HIBURRATIERE, WIFUH AR —LeA kG & 1
BN CeO, KM I &AM IR [2]. Ho, CeZn, O AT SR N2, IF
RN T =A% o AP T, e i A S ) sl ] i AR (R Sk AT X 2
18 T Ti BEAE+3 Ui Al+4 Hr Z AR HE, R IL5 LN B] CeO, ¥ B T BA B i ¥ A5l 23 2
B ILEAACIEIZVERE . RS RE I AL pTRed L RE, AT B i LA MERE . AEATTIT, FhAi]
KBRS INIETTEL B % Ceo6rTio 30, B, It LAHG AR BTG 415 CuO, B
1125 %¢ CuO F1 BT HAEALTH R NO TEREMI M«

R A REEIEA(Nos. 20973091; 21273 110), 114044 M58 e KL WF 5T AERHIFOI BT 1R (No. CXZZ12_0038)
% W T7 F

ORI R A FEAK. Tel: (025)83592290; Fax: (025)83317761; E-mail: donglin@nju.edu.cn
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2. LIWER S

DAGE R i e A DU AL B BT IR 2, SR EK O IS tie s, fidyis. T Rk
% CeoerTio30, FIVER, Tid K. CT. BEmMyCARSIREN A arokEh, 1L geiz ik dl g —
/%@JZ:EJ CuO é’u\%ﬁ@ CUO/C60,67T10,3302 {E’ﬂﬁﬁ'], ﬁﬁ‘bﬂj\j xxCuO/CT, :,H\:':F' XX ’fﬁi% CuO El‘]
&8, 4 12Cu0/CT F7n~ 1.2 mmol CuO/g CT Ak i Hi i sk AL 71 o

3. £ER 518

1A BAKR XRD S50 R CT Bf, TRAZ BRI ] it iy
HBNT
CeO, (IS TE B T2 — IR AR[3]. % T xxCuO/CT AEALA, 24 CuO AT 1.2 mmol
CuO/g CT #AKIS, MIMAE]FA CuO HIFTHIIE, FW CuO F ELL @SR T CT
AR 24 CuO FEIAF] 1.6 mmol CuO/g CT FHARKS, 7 35.5 Fl 38.8 oAb I AH CuO 1)
T, WIS CuO LS AR TE A AE -

» CuO
I 5 181
142
16Cu0/CT * - 175 228
- it 134 16CuO/CT
~ 2
=) =
£ lmeocr N o~ | E w A L)
g =
- w
2 lweoer SN | B mcworcT
©. 194
W a el 04Cu0/CT
CT
T T T T T T T T T T T T
10 20 30 40 50 60 70 80 100 200 300 400
2Theta (degree) Temperature (°C)
K1 AR BT XRD 4558 . 2 A A AR ) Hy-TPR 4251 .

AL S BRI Ho-TPR 45 51 2 o o BT ERATTRT LA tH CT 2447E 400 °C Z 5
JUPASH HyiE i X T xxCuO/CT fEALFA], (EHILEAMH CuO ZHf, BEF CuO &Y
I, 38 s Ve TR T A K, 38 Jir Wt 8 8 ) (I T e BB 3, O ELAR S I H S50 T i 23 L
A CuO WA 1 CuO 4k n e LA AH CuO B, IE e A S 4k 238 n, 4R
T3 SR VAR 1) i 7 T A% 8, I FLAE 228 °C AR AN A CuO ik J5g, X F 2L T
fi Al CuO FRREACK, AZHE Hy i i
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1AL Hy-TPR 52 /0 Hr 45 3.

The actual H, consumption The theoretical H, consumption
Catalysts A/B
(umol/g, A) (umol/g, B)
04CuO/CT 763 400 1.91
08CuO/CT 1548 800 1.94
12CuO/CT 2429 1200 2.02
16CuO/CT 2493 1600 1.56

14 TR Hy-TPR E R M ai K. WRFEATATLLE B AR CuO &
(RO B, LSRR AU R ML K SIS AEAURE (B Cu® iS5 Cu’ 15D, %W Cuo
5 CT Bk AR EAE ], CuO HIEJEERE T CT BRI IR . R 5 BEAR S bR FEE
(A MELgFEEE (B) MIHE (A/B) H{gik CT HiAE s R IEAR SR &, A
A/B K, RUEHE CT BAKIE S (FEEBOR, /2 ¥ CuO 5 CT Hdh 2z [w] fRIAH T AT ik
5o LR LPTIE, BATAT DUORIIAEIX — R AR AL R, 12CuO/CT AL FIRA R AILINE
JsrERg, HIGEPEAL > CuO Sk CT Z 1A AAH ELAR At fe i o

(a) 100{[—=—cr (b) 1004[—=—ct
—e— 04CuO/CT] —e— 04CuO/CT]
—4— 08CuO/CT| —4— 08CuO/CT]|
80| —v— 12CuO/CT] 804 |—v— 12Cu0/CT]
: —<— 16CuO/CT] N —<— 16CuO/CT]
< S
= 60 < 604
2 =y
z ® z
£
z 40 g 407
S 2
% 204 Z 204
04 / 0 /
T T T T T T T T T T
100 150 200 250 300 100 150 200 250 300
Temperature (°C) Temperature (°C)

Bl 3 REAL I S BAR AL PERESE R () NO AL (b) Ny b #4ES

A PERES R (3D KW, 2REILAAR CuO I, B CuO SR, fAurEGe
B HET X BB s PR 2 B EAERE IS 2RI, 24 CuO 5 EH HN 2 1.6 mmol CuO/g
CT Z A I CuO I, fEALPEREA P FFE, IXRUIEAT CuO 1 BAF T HEAL PR RE R
$eTte BEAt, FATEW LULHL 12CuO/CT RIL M AL R TERE, X ER S ARG RZ M)
A CuO LR I IE L e VIAR O, A2 e NI B mp 5y 77 28 5 2 (R A A 24 400 ok
(Cu'/Cu’) VLK Z A0, BEMTERTHREALPERE, X5 IRATZ T PR FE 45 5 5U[4.5]
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NO, er N(l)x NO, coO co C |0 Clo
o k —Cu”"-0-Cu*"—0—Cu*—0-Cu*'"- ~Cu"—-Cu'—3-Cu"~—Cu'*~ k’ 8
¢ %
ST T ST e ;
4 (] o o (o) a o 0 S
I i I I Increasing ]| I : I z
[-Ce“-o-Ti“-o-Ce“-O-Ce‘*- ] — [ —Ce*—O-Ti*"-0-Ce**-0-Ce*'- ]
temperature

Kl 4 NO+CO [ WAt CuO/Ce 67 Tio.3305 HEML IR T T HE MY e WA Y (oo il 1) 2 1 1 [

AL o

FEPEERE I, FATTHEH T NO+CO R W.AE CuO/Ceq 67Tig 330, MEALTIZR I 1T HE MK S AR T,
WP 4 iR, fEEE FIEANO Il CO KN, NO 41 f HAT A& B (I 12 Sk
BEEAEREAL TR TRT, AT CO MWL pt . BEAG IR M T, AR TE# s CO b =2k
B2 Cu RIS RN, AR Cu BRI T CO, SUE AR NO Mg s, "efilZ I
(B I A R T AR BE BT o MRS BAT T2 BT AR I S mT Jn, ehy T4 i 2 TR A7 A1 Bt
HAEM, Iz Cu™t CO MK, Hi%liz [alff i b %260 (SSOV) £ NO+CO Jz W
A o R MAEHL6,7].

2 % X W

[1] D. Terribile, A. Trovarelli, J. Llorca et al., J. Catal., 1998, 178: 299

[2] H. Vidal, J. Kaspar, M. Pijolat et al., Appl. Catal. B, 2000, 27: 49

[3] X.J. Yao, C.J. Tang, L. Dong et al., Catal. Sci. Technol., 2013, 3, 688
[4] C.Z. Sun, J. Zhu, L. Dong et al., Appl. Catal. B, 2011, 103: 206
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P-07

HLER La. Ce BIFRINFLIBBELMELFRT K
SRR

AL 00 Rk, o E N
(P EREABE N SA Y BRI ST P et £ R JE R AL B 5 R SR =, 2201 730000

e ERERE Y, JEIE 100049)

KA M LEE, N LB, BT RIRE

K mATHUE 2R OMIL-101) 4524 70 5 28485 SR SR AT IR 1A, LUST T REAT (AG-CoHo, O3)
AR AT IR — A T A SUAR A AL AL, B0 5 5 Tz A R0 = T e R .
PERERISEMR o KA G JE Lafl Cetliid — VAT IR M AT, I 1< JELaMi Celf 5]
ANRRH & T 5 T B A S S PR 12k

i3

L.A7

AR R SR T b A I SR T B e TR SRR ) AN R AR o
T AT N BT 24 (MTBE) A1 Z R80T 25/ (ETBE) MR EJFRZ —.
TRy 2 PR 5t S B N R A X 5 v R P RS s ) S R T, SR el A AT 3
FRFIFAR I GG R SN R A, T P BURS: T e (3 AR T IRk PRI (1 A
FIRIEIG o ULTF R B A i tE . i Ptk o e R R SRR ik i v A e A6 770 22 H i
W T Be A I R OB o SCHRARE I L oe 3o B s v b A7 i, AT s FRE A 7R )
WTE. ML R LR AR I BT R R BE D, AT B s A IR E . AT R R T+
<z JB LaF CefE LA Ji A L BB RMEL 1 2825 1 o IR AL AR R rhond e T be Al T AL P g
RGN, TIOR8 A v P 0 M S HE A 77

2.36E S
AL MIL-101 R4y 7258 ¥ —E =K KNO; M1 Al(i-CoHy O5) T 5 41 R W AE

—ERMITK LEE (100.0 mL)H, SRJ5 A MIL-101 (0.56 g, 150°CELASACFE 12 h), 4REE88

TR A HEE (Tel: 0931-4968066, e-mail: lichou@licp.cas.cn)
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LS h G, H SOCHFE REBEEAE KB, T 120C TR A s O K. ¥ T
25T BL 1°Comin” THELE] 800°C 562 4 h, 15 KO g &N 1.5wt. %M Cr,05 3k i
N 10wt %IHELL ] Ko0-Cry05/ALOs. h 2% 548t <)@ La M1 Ce WMEALTISS R MIPERER 52
Wi, R FE 4 BN La(NOs)3-6H,0 Fll Ce(NO3)3-6H,0 (0.12g), il La,O5 fll Ce,0; fit
B 25wt %I EALF] K,0-Lay03-Cry05/A1, 05 Fl K,0-Cey03-Cry03/ALO; .

S T e I S T PEAN AR He e 23 3 ] o RO R A 4 S Nt dEAT o AR b Ty
0.60 g (60-80 H). HALFEH LA AP 3.00 g (20-40 H)o MEALFIAE N, S50 R I E e
WS, FHRAN S T e A, 5 min JEAEZ0 BT 79 o SN0l U A (b 43 3420,
A6 5 AE 23 i R 43 BT AR 2 R R XK W 38 7R & A B . R Wi y-ALO5(30 mx0.53

mmx10.0pum)& G52, FID A, CO i TDX H7EH4r &, TCD i,

3.ERGE

AT L A T ARURIFL 45 R £ JE 10 R 1T /0% o P 7 £ S5 0 B 1t 235 s R
JBLBR A JEER, W] T AR FLARAENLIE R A . BRIP4 FL127E6.6-7.8 nmZ i),
W] T AL AR AT A AL ALAR . FIMIL-1014 2 BERAR i 2 [RIK,0-CryO/ AL O HEAL TR AT R 1
LK IfI R 144.4 m? g A ALAARL0.60 e’ g FIAFE LB La)i, ML LR IR AL A&
BURKBE, 405014773 m>g ' R10.34 em™g o 05 AFG 4@ Cel, HEALFI L HIBURT
FUARFRE A RAC, 231422 m*g ' F10.52 em® g (HEAT L, SIS 48 2 S8k 71
() LR BRI FLARRRI A, 5 LN LafG 2 (i 16 57) LL 2 T BURI FLAA R B A B8 0 & .

800

oo A
| N\
/ f}
w0 | s -
e 4 i
‘o i o OB
& A o £ \
= K,0-Ce 0 -CrO/ALO . a* e £ A
o 400 _“‘,_" A i ¥ N K,0-Ce,0,-Cr,0,/ALO,
5 o o S By
M e oos e -
g P e | P
E KTO-La_,O_‘-Cr_,O:fTQI:.?&: cTeeef| § \
S o EOeTeceORces—0 Y & \. K,0-La,0,-Cr,0/ALO,
' 0.02 el ———————
o
KO- 1Al
.0-Cr.0/ALO, __‘__‘J_._F\.—a 15 K, O-Cr,0 AL O,
F,.—.._-a_l«_l\ T gz ST i
o 1 - L 0.00 L L L

1 1 L
oo 02 04 0e 08 10 ) 10 20 30 40 50
Relative Pressure {P.I’Pu} Pore size (nm)

AT AL FRUTING BRI R il 2 A LA 7 A1
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1 AT B R AR FL 5 A B 100
g o = S | Y
./J -.. * oS00
Sample Sper (m*g")  Vp(em™g')  Dp (nm) ®r
.y -\.‘.\-\‘ Ko
K,0-Cr,05/AL,04 144.4 0.60 6.6 ?E- -:, ‘*N . A-..:"-. .
K;0-La,03-Cr,05/A1,0; 77.3 0.34 6.6 E Tk o-cro/mo, KOlaocromo, O CHOrCROAO,
20 | —a— Conversion
K20-C€203-Cr203/A1203 142.2 0.52 7.8 —o— Selectivity
—a— Yield
% ) o % P

0
Time-on-stream (min)

K2 RN T el SN 45 2R

AL S T e S S 85 A B2 7R« ALK ,0-Cr0y/ ALOS I 57 1 Ke W14k e AL 2
St T IR AR 1L FEVE 23 0 4 57.4%F191.8%,  FHAR T FRATTZ iy HIKOH I 24 A A6 744 2 (Bt %
60.1% ML FENEI3.2%) . SIAM L@ mLa)a, MEAHIKIT T RERIah A R RT e, 469.9%,
TR AR E91.6%. SIAF L& ECelq, MR | Feylihi gtk KTt
1, N66.7%, ST IRIERIENGAT FEK, 488.6%. XTLLARIL, HIAF L& KMl
R T e g, Xl Bt f L8 Jm A R THE s e AR vE P O, NI S B0 vd vk, B
JeXt S TIRIE PR s A K. L2 R, SIALaE A R T FG 23 s .
4. &g

K< Jm AU BB MIL-101) 454 731 288 S8 Eh AT IRAA, LAS I B B (AL(-CoH,,  O5)
R ER R AR — D % T AU RS G, W1 88 T b E AR A R T
TR A N BRI RS . 45 R IR 1 B LaRICe 51 N VAR FRAR T AL 70010 LR IR
RURIFLAARR, AR R T 5 T be A It S0 5 W PR 1

& £ X M
[1] G. Férey, C. Mellot-Draznieks, C. Serre et al., Science, 2005,309: 2040-2042.

[2] H.H. Zhao, H.L. Song, L.L. Xu et al., Applied Catalysis A: General, 2013,456:188-196
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P-08
Ni-La,03/Si0,-A1,0; & 1L 7| 915 JR M g
QUPE R 22 T 22 B, RS ai b 2% i 20 3 TR S0y, 1 PR 5 030006)

KHEIF: Ni-Lay03/Si0,-ALOs EALF; B, 1,4-T —fE; 3ETEA R4

1,4- 7 ¢ (BDO) 14— R E (M BEAAGHUERE, ) 2 W T2 PUAUERG (THF).
y- TS (GBL). VYW FZERE —FF (PTMEG). X 7K —HER | _Els (PBT). H& I
(PU) S e 4k = i1,

ReppelZ /= 1,4- 1T “WE L 202 Hii i i 2, S0 alaidn B MEIR IR 2. k2t
M2 A& 4= T B U ,4- T 2, S8 R SO R A Ak )T, 3
PR B AR o TR AR A K BN P, AR I TR) (0 LUK g #5710 74 1,4-
TR RN R TR AR KA AR, BRI AT RS A S R R AT UK S PR R
Jl kg KA AT A 2 iy 1) AR BESR . AR AL T R HE e K AR R R 1,4 T e — i i
Ni/SiO-ALOs AT ZMEAT T SION SIS = T HEALFIMIPIK & M fE, S T AL
R Z5dr. SR, BT NG BAARRIA AR R SCE,  BUERA N TR 5 2 BB R A T B
BRI PR R A o i SCRRU ORI T B 51N B AR Ak R R R R SR AT, R4S T
Ni-La/y-ALOs. NiO-La,03-MgO. La,NiO4. Ni/La,O3FINi/La,0s/y-ALOsMEAL T, W57,
8 (1145 % B AR A 700 R0 1 4 2 PS4 v o RTINS, A 35k 201 405 8 ok ) A A AT T s o,
EJFAT h R AR o

AR TAFAENI/SIOr-AL O3 H 51 ALay O3B, 4 il 4 FRINi-La,03/Si0- AL Os AL FIREAT AN [H]
W T IEARIR, 808 R AT R RS MR A AR AL R NPE RIS . 3R
P EA S PR A R SR B AR AR

L1 L F S &

PLTMby-ALO; A#AA, IEHERR L BRI LTRSS AR RBUNR 50 4 3%Si
M) Si0,-ALOs K, %KL 120 °C T, 450 °C Krke. LIARIE WIS ik, S)an
) DL TR B K W S S TR K SR N R W, AR FE R T . R e AR &

THEK BRFREIES (21073114) BEWIH
TOHIBCR N B, 1965 SEAE, T, B, 1A S, 35BN 2 M AL B SY . E-mail:yxzhao@sxu.edu.cn
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Fig 1 XRD patterns of catalysts after calcination
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Table 1 Hydrogenation activity of catalysts after reduction by different temperatures

Reduction temperature(C) Carbonyl number/mg(KOH)g™
350 3.63
400 1.14
450 0.48
500 0.43
550 0.51

Reaction conditions: 1.0 g catalyst, 40 mL raw materials, 400 r/min, P =4 MPa, 7=150 °C,
reaction time = 3 h, feed carbonyl number =7.21mg(KOH)-g*
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La,O5 151 NIE G 1 it I i3 R PR AE AL 77 P2 7 Be 4 o
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MR N A DR NIiO BB JE, AR I AR &G P o BRSSO i T i
WTELL Y Ni S, ARG R R . 450 °C~550 °C X (i), BT LayOs 5 A T i
PEAL > Ni =il Js SR RGeS, A0S TEAS LLOR K .
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Figure 1. (a) XRD patterns of M-ZrPO, (b) TEM image of M-ZrPO, (¢) The nitrogen

adsorption and desorption isotherms and the pore size distributions of M-ZrPO, (d) Reusability of

the catalyst.
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Figure 2. NH;-TPD profile (1) of the M-ZrPO-0.75-500; IR spectra (2) for pyridine desorption
onM-ZrP0-0.75-500 at different temperatures: (a) 150 °C, (b) 250 °C.(
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