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Characterization on the Fine Structures of the Copper Species
in the Highly Dispersed CuQ/Ce0,-Al,O; Catalysts
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Abstract: A series of CuO/Ce0,-Al,0; catalysts were prepared by chemisorption-hydrolysis method. The tech-
niques of XANES, EXAFS, XRD and H,-TPR were employed for the structural characterization of the catalysts.
The effect of calcination temperature on the fine structures, the dispersion and the existing state of the copper
species was investigated carefully. The characterization results reveal that the copper species in the sample cal-
cined at 500 “C mainly exist as highly dispersed CuO crystallites, which weakly interact with the support Al,O,
and the promoter CeO,. When the calcination temperature is elevated to 650 °C, three kinds of copper species are
detected, namely the small crystallites CuO, the amorphous CuO-CeO, interacting phase and the Cu-Al surface
spinel phase. At higher calcination temperature of 800 °C, CeO, is obviously sintered, and the interaction between
copper species and Al,O; is remarkably promoted, leading to the diffusion of partial octahedrally coordinated Cu?*
into tetrahedral sites. The results of the activity evaluation show that the catalyst calcined at 650 °C is the most
active one for CO oxidation. In this catalyst, Cu and CeO, effectively interact with each other, and a part of Cu®*
ions have diffused into the lattice of CeO,, leading to the lengthening of Cu-O bond and easier activation of it
during the CO oxidation process by forming the -Cu**-0-Ce**- linkage. However, after calcination at 800 °C, the
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interaction between Cu and Al,O; is prominently enhanced, and most Cu species transform into bulk spinel phase,

which possesses shorter Cu-O bond length than CuO and Cu-Ce interaction phases. Additionally, the CeO, phase

is seriously sintered at this temperature. All of these make the remarkable decrease of the oxidation activity of the

catalyst.
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Fig.1  CO conversion curves of the samples

22 XRD&H

FESH B XRD 20 BT & 2 Jr7Rs A [a) LR b 1Y)
CH F 1 K il 38 A6 i 2 y-ALO, F1 CeO, Y 47T it
g Xt y-ALO, i 5, T CeO, I ARG SR T HAAER
SEME BE R BT B X I AT e R R o
e A BRI R R L X T CeO,, Mk

BEIRE M 500 CHEMZE 650 CHE,  HXT B (1447 5 1
SR E S AN B S (E R — DR v i e T B & 800 °C
CeO, AT 5 U6 (35 J ik, FLWGE T A R 2R 858, BB CeO,
R TR HEMNBES, IR ST REAM T
R FNAif SELRE T I REAIR, X AT REJZ CO AL I 1R FEAIR
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Fig2 XRD spectra of the samples
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(b) Expanded spectra in the region around 1s — 3d transition

K3 HESFIARFER Cu-K 314514
Fig.3 Cu K-edge XANES spectra of the samples and reference compounds

BEA AT RENY CuO H Cu-O R /\ TR, o 4 4
Bz O B+ kb F Al —F i I, Cu-0-Cu 3 ff1 £z i
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i SR CuALO, AYEE A7 X FRPERE CuO {5, PR HY 2R
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FS SN ANTR LN R O R TR I DANT TR N
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Fig.4 RSF of Cu K-edge of the samples
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e 89 Co W MAEAE, H Cu-O 8K L 0.199 nm
HR, HEAFA 0.199 nm 2 & Cu-0 4K AYFE1y
fH, sE—EE R PR E % 800 CHE, Cu-0 K 1]
B4 AN 0.191 nm, 5 AR A T FH Cu-0
R BN RT3 Cu dF ADUTRAA O, 2
& CO EALTHEME , B Cu-0 B 5 RE 5 i A AL M fE
EEYIA O, Cu-0 R FE S A CO E AL THR PRI
7 CO AL FE i, Cu-O i b7 28 10 X 5 F 3 1 4 5
e Cu P2 58 AR FIEFRIGE 1, Cu-O B3
o, Al L7 28 T 75 19 05 TL B RRAIC, X AL e A
#1 EXAFS HIABHMHERE— Cu-O REEE
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Table 1 Structure parameters of the first Cu-O
coordination shell of the samples from
EXAFS
Sample Shell R / nm N Residual / %
CuO Cu-0 0.196 4.0 35
CA500 Cu-0 0.192 4.8 4.8
CH500 Cu-0 0.196 3.8 6.2
CH650 Cu-0 0.199 4.1 5.2
CHS800 Cu-0 0.191 4.6 6.0

24 HHEHHsTPRER

it —2 T Cu AT A O 5 A i 4
AR, SRR S HEAT T TPR Pk, 25 A1 5 s,
CA500 7£ 245 CH B h Fefb i 8 g, i T
XAFS 78 2 WL AR & v Cu AR T 2R A1 A7 7, X
I I 3 D 0 XoF 10 7 3R THT AR il A ) A ) 38 it . XAFS
5% E B, CH500 F£ 5 Cu L CuO AHAFFE (A7
HTPR 3% rp 3 2 A3 0G| W53 4351 R 183 °C
F1 230 C, BEEAARE i CuO A3 B FP 0 BB, 8 X
FARIEAT XPS W 285 R B (B R 7R ), Ce 135
T T 4 AN 2% 4247, T AL B 2 1 1 1 43
ML 60% , PR HEDN K #B 43 Cu 77 7E T+ ALO, %
i, H T CuO-CeO, ZIAIFETEL DM RIZLN , CuO-CeO,
MVE A B F CuO MR 5, B IHOKE 183 SCI ik 5t b
IHJE N CeO, I im0 HL CuO R L 7, i 230 °C
{4 TR AR 4 R 1 38 L g U1 I ol ALO, b8 20 1 CuO 1Y
WJE, 6] CAS00 #EAT H 88, AR Cu #RATHELT ALO,
FI, H CH500 M8 5 IEAR 15 °C, FRUIZFE &
CuO 5 ALO; fEF#59 ,CuO ] GE LLAR /NG kL 4
BT ALO, M, (H S be i B 52 i, B8
Uy o 7/ IR SR N R (23 D) | K e % Y

WA 3R TH 5 . BLASAE B CHS00 FII CH650 19 TPR %14,
AN 5 RS AL VR Y Cu B R ad i
TASHT & TR T 2018 °C, 15 %) 248 °C, 5 CAS00 1)
R A e, R RS> Cu LB ik 3R
A iAW, X5 XANES i 56 TR R A1
AR B s — 3d BRIE M A4 R —2, W4k
T CeO, EIMf 1) CuO AR JF H BT X, U 53 5]
168 CHI 212 °C, AR T, Cu/CeO, 147 Fifi K
WRIRENT R, 298%.0) cu SET R, BEN
% ,Cu 5 Ce ZIMIVERIMG G, (2) CeO, fy i i K K I
FEUE MR s T SR AR P R X KN 11 25
A HAPIE K CuO # LA K Cu-Ce 1E FH 3G 5 % 15 PE A
Fl o AT IIA R 168 °Cifs IS R %5 5 CeO, 38
FUAE R0 5 43 50 Cu P RlGA T, 212 °C3 Ji e Xof iy
5 CeO, fEFIY CuO Bl S 38 J5L, 3 F st iy RS
/NXRD JCiE R, 35 Sk U A AT A R — S
CeO, e BB (111) LA T Z HE 72507, i
F Cu kY CeO, BRI HAEH ,Cu 28t A HAT i
BRFE oM A B2 Rl -Cu?-0-Ce*-55 4% . CeO, ' Ce-
0 #K 4 0.234 nm, #7 Cu B Ce, & F 5 Cu-0
K3, 1 EXAFS f Cu-O ST 545 R A 5
AR KT 0.199 nm W HTHI R, IIE SE A7 763X Fh -
Cu*-0-Ce*-45 R, Cu-O #EK AN, A F T
N3 R Cu-O B 1 W 24 76 Ak A 3F T O i AT
{HE— 25 $2 = 5 B I 2 800 °C, CeO, &A= B B 1)
e, 5 CeO, VEFH I Cu $ 7l 4F 10 (14 38 i 06 T T~ 78
K, KISy Co PRl LR TR S A WP AEAE . ORE I
R 2 8 R be TR B B = IR (S CeO, fEFHIY Cu
Yy ) R Tm E AN, YR A B — e (R A 2
FEAFT Cu S ALO, KA B, S5

CA500

H; consumption (a.u.)
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1 1 1 1
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K5 H#Eh Ry H-TPR 35 &
Fig.5 HyTPR spectra of the samples
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el R AT & A i CHB800 7 600~800 °C
T X BT 8 e AR R SR (R R 1), 5 CuALO,
[ TPR 38 # AHAL . 13X W] 800 CAFHERE bl o — 3
gy Cu B F9 e AT DA G, AT 28K
HH CuALO, IPIFP, X5 XANES fil EXAFS 43 Hr 45
R —5,
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(1) A2 2 B - 7K i 125 1 % 1) CuO/CeO,-ALO; fiE
A5 Cu Wyl B A 5 B A3 HORE o AN [R]% e Uk B %
T Cu PRl 5 Ce-Al 0] A 1E AR A 8 5 5
M, 500 CHFBERT, Cu F 2 DL 201 CuO 7716 T 3%
e ALO; E1H , 534K K CeO, WA 1 1E 8 555
650 CRi BRI FE M P AFTE 3 B Cu PR, IS CeO,
YEF Y& 4380 Cu yFp /N GckE CuO LA S5 ALVE
4 Bt #f /TR A7 19 % 1T 4R A1 P 5800 C i 4%
RS O R RSB A PR, I HA —# 45 Cu
B Y HOE A AL, AR T 2L CuALO, B A
FHAR S AT Fp

(2) CuO/Ce0,-ALO; fiEALFI ) CO A AL TE S
Cu-O HEK BUIAS 56 &, Cu-0 BB | LW 24 B s 19
TG AL BB BTG AR T5 PR B R M LRI TE 650 CHRE 4%
B, Cu 5 CeO, TE MG GE B4 CuidE A CeO, Mtk ,
T Cu-0 B, CO AALIEPEHE & . T 500 CKE
FEHIAE i, Cu 5 CeO, HH B AE 55 , Cu-CeO, [H] 4
PR VR IR PEAS B 55 245 58 T B 42 5 31 800 CHif, Cu
5 ALO R 3 T8 3% 1 RIS LA AH 1) CuALO,
LA Cu-O S, I L CeO, BEZE , T 5 EURE
i PR AL TG P 2R T R
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