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Abstract: The Cu-based catalysts supported on mesoporous y-Al,0; modified by LaCeZr or YCeZr were prepared
by impregnation. The structures of the catalysts were carefully characterized by XRD, BET, XAFS, XPS and Hy-
TPR techniques. The state of copper species and their reducibility were investigated and correlated with the CO
oxidation performance of the catalysts. N, adsorption and desorption isotherms reveal that the catalysts possess
high specific surface areas and uniform pore size distributions in mesoporous range. The XRD results indicate
that after calcination at 800 “C the copper species supported on pure y-Al,O; without modification exist as
CuAlLQ, spinel, while the EXAFS results show that the copper species supported on y-Al,0; modified by LaCeZr
or YCeZr exist as highly dispersed CuO crystallites, which facilitates the CO oxidation. H,-TPR results show that
for the same series of the catalysts the reduction peaks of CuO species shift to higher temperatures with the
calcination temperature increasing, implying the decrease of the mobility of lattice oxygen, and resulting in the
decrease of oxidation activity. The copper catalyst supported on y-Al,O; modified by LaCeZr exhibits strong sulfur

and water-resistance performance after calcination at 650 °C.

Key words: copper oxides; CO oxidation; Al,0; modification; EXAFS

WeHE B #1.2009-07-06, W& sl H 1 .2009-11-01,

) 5% o F AR W78 & B 31400 (863 11411)(No.2006A A06Z348) Fll [H 5 [ SR B2 42 (No0.20676097) % BT H
KR A . E-mail : mengm@tju.edu.cn

W—EH . TR, 9,23 % WU S8 OF5T 07 1 ARG A R,



224 Jd Hl fk

A %26 &

i 2 HE TR R H B A SRR R AT Rk
kA W T — S A Atk 1) A HE T 28 2 HE ik SRR
FALER  RTMAEVR AR A sh iy ) LA i T
BB RS AEAR R IR 2 14 T B EE I (<200 °C), =201
I RBOR AR A5 A 29 70% 11 CO k25
e HE i 25 | R T R v %R I S AR A A R
WA K EZ SR Cu X CO FfLHA
FoEAL PR fE | B ET T B AR 5T 4 e AR I A Ak A Ak 5
FIF IR 22— T3 AN AR R RE It 5
TG R A A A A R0 (4 M BB R 75 ) K i 20 L
TAEARRE A, HA G R SAAE F 0 6k 0 R
(OSM)FILE A & b 2 1 BRI iR fT A & AL BB 1 1Y)
ALO; — B o5 95 35 ZAR A R S M A7 SOk R
W, i EoeE Ce HAMMM AR EBE 00 5
Cu 1EHE B Cu-0-Ce ¥ Fi H A7 AR 47 19 46 fb 7%
AEU, ST E Zr W] A — 88 Ce MY 43 B FLA 4
PERE AT 435 i A 76 ME02 La 1Y B AT LAAS
SR v A ) A R TR R PR PR AR SR FH A
A B LaCeZr 1 YCeZr BUMEZAA ALO;, il 15 11 2%
R Cu ST, XTS5 AT T PR RAE IR
T SE AL RE S AR A5 O R

1 SEWHES

1.1 EeFHEE

AR R 43 0 12 B A5 . FF Tk y-ALO,
(REAL TR Bedefit, HeRMmALH 204 m?-
g ) TE BB v B i, A o O O 0 )5 B 40~60 H Z
[ OB AR it 24, 1 56 3 mLL Z8 1R K W] i i
fi# 0.162 g La(NO);-6H,0.0.161 g Zr(NOs),-SH,0 F
0.163 g Ce(NOy);-6H,0 Bt LA W, ) il 15 19 5 b
PRIEMA 2 g y-ALOs40~60 AR ES), fEE R
THE 14 h (B EIAR BRI R) FikAF
120 CHEAR T T 8 h, ARG TES AT T—E iR
BE x FRERE 2 h, KEbela BORE SR Bk R RO vk
Bt b 3 mL Z8 1R KI i 1Y 0.453 g Cu(NOs),-3H,0, 4
it 120 CT4E 8 h A IEIREE « T 558 2 h J5 7431
AL Cu-La-Ce-Zr/y-AlLOsx ,x A Hij I ] £5 2 7% v
PR 9 6 2 R FE |, x=500 650 X 800 °C, #1551
EH La R, Hord Cu B0 85 A X 2 14 1) o
HAECH 6%, MBS Cu ¥ L2 ; (La+Ce+Zr)
/Cu=0.6, 2 La:Ce:Zr=1:1:1, R H LR AR A 7%
{CK La(NOs);-6H,0 HI4E %) 5T (1 5 19 Y (NO); - 6H,0
B, HilAS Y RN,

7 L, IRl E 145 T 650 °CAT 800 CH5BE
KRB y-ALO, B E:I2 W 3 Cu S id
H CA R, AR IIFE o 5EAE CAx, Lax il
Yoo ,x ACFAAL TR BRI | W La650, F /8 AE 5 Cu-
La-Ce-Zr/y-Al05-650,

1.2 fELFIRAE

P 2 T AR AL AR 23 AT MK AE-196 CF T HERE
8 FVAE 7B QuadroSorb SIAXES LiEAT . MHKHT, #F
i T 300 CCHEZS 5 T 43 8 h, F BET #iZk ik
PEFR 73 (PIP=0.089~0.297 K 1T 5 L R AR, fLA2 5
i FH| Barrett-Joyner-Halenda (BJH)Z> =X Hy W Bt/ /5 B
SRR Y BB SR

X-5F 6 B3 AR AT 5 (XRD) I 3 2R H 467 22 WA 40 R 2
AR X! pert Pro M 2 S i R ATHHYL  Co Ka(A=
0.17902 nm) ARG, EHIE 40 kV, EHI 40
mA , FHE ] 10°0~90°, 26K 4 0.03°,

Cu-K i3 X-H 26 W USRS 20 45 44 (EXAFS) I 5 7E
H B 2 B = R 4 BRI 5 BT L L [ 2B A o
IWIB R4k 1Y XAFS SE vl 47, e 1
RERZY 2.5 GeV, AL 120 mA, HESIETE
U E R DU E A AR AR S SRR AE CuO R CuALO,
1) Cu-K 31 X5 mieis

P27 T I8 I (H,-TPR) M X 7E Thermo-Finnigan
2 /A7 H9 TPDRO 1100 SERIES 3l 245 W B A 1 i
7o LA 5vol% H, A AR A A NIEJFA M5
i 30 mg, AR 20 mL-min™, B &R E N E R
F+#] 900 °C, FHEH . 10 C-min™,

X-HF 4O L T B 1% (XPS) Il i 7E PH-1600 ESCA
SYSTEM %! X S £t i FRe ik (X L k47, Jeiihy
Mg-Ka 514k (E,=1253.6 eV), .25 FE R 5.0 pPa, 45 &
AEIR 2% H20.2 eV, L5 YLk (Cls , E,=284.6 eV)IEH
AE A IEARIE
1.3 ELFIFEEEN

TR AE NN 8 mm Y A 45 X [ IR
S AT A A K2 50 em,40~60 H AL
FRE RN P R X A S R R S AR
2.5 em SR HHL AR BrRE R A7 B4 N A A B
8 0 TR EE A 50 AR B R
AT TS 19%) 8 . 4808 CO:0,:N,=3:15:
132(IFREE) Y J5ORHE & S0 A B i 2o i 4k 75 R
JZ, 253 30000 h', FBECAH TCD Al FID il 5 1
SIS ALt BT AR T SP-3430 B 2 B JRURE K
a7/



52

T RAE A L ALO, BUAR Y 20 HOHR A AR B 254 5 A 225

2 HRSIE

21 BET 4R

Bl 1R TR BRI EE S 650 CAE i ) ALK
F — Mo B 252 T 2 R 5 22 5% iy A FLAR o A i 2k, AT LA
BB, AR i I 0 B 45 T 2 2 S B S FL A
REIV Y iy 20, 0 B 2 2248 1 T 21w R X W B 3
s T | R S AR R 28 R sh B b A8 PP, IX
Je BESR T I SRR LAY ) H2 TR [l 2 3¢ B AE S
AR B2 0 SR FLAS MR I JC A Jr A kel A
FLAE o A M 48 0o FE S LA Y — A FLFL AR
G3A IR RE ) L R T RR L S LS5 R R 4 5 e
F1h, WERBATLIE I A E B 44 /9 3t

0.16 1 \ (1) CA650

0.12.

o o
[*] )
(=] B

(2) La650

0.04 } \
(3) Y650

0.00:
0 10 20 30 40 50
Pore diameter / nm

o
1=
=3

dV/dD/(em?- g™ - nm™)

(1) CA650
ool

Volume adsorbed (a.u.)

X
© W/{ i
a
. L
v~
0.0 0.2 0.4 0.6 0.8 ' 1.0
1 650 CHREBErE fiv Ay 0= B A6 B 452 Ui 2 AN FL A%

/.
y
& veso R
pip
e

A /
o
T T T T T T T T
0
Fig.1  Nitrogen adsorption/desorption isotherms and pore

diameter distributions of the samples calcined at
650 C
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Table 1 Specific surface areas and pore structure

data of the samples

Pore diameter / Pore volume /

Sample Sper / (m+g™)

nm (e’ )
CA650 172 9.7 0.514
CA800 151 9.7 0.555
La500 178 7.9 0.514
La650 162 9.7 0.505
La800 145 9.7 0.514
Y500 172 9.7 0.507
Y650 164 9.7 0.515
Y800 138 94 0.502
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Table 2 Surface atomic percentages of the modified AL,O; supported catalysts calcined at 650 °C

Percentage of surface atoms / % Cu/(Cu+Ce+Zr+La(Y))

Sample
(0] Al Cu Ce La Y Nominal XPS
La650 66.4 32 1.2 0 0.2 0.2 0 0.625 0.75
Y650 60.9 36.9 1.4 0.1 0.3 0 0.4 0.625 0.75
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