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Effect of Preparation Method on the Activity of CuO/CeQ.-ZrO, Catalysts

for Low Temperature CO Oxidation

YANG Zhi-Qiang MAO Dong-Sen’ GUO Qiang-Sheng GU Lei
(School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai 200235, P. R. China)

Abstract: CuO/CeO,-ZrO, catalysts were prepared by microwave heating decomposition (one-step
approach) and by microwave heating treatment of co-precipitation followed by impregnation (two-step
approach). The catalysts were characterized by X-ray diffraction (XRD), low temperature N, adsorption/
desorption, and H,-temperature-programmed reduction (H--TPR). The catalytic activities of the catalysts
for low temperature CO oxidation were investigated using a microreactor-gas chromatograph. The results
showed that the one-step approach was more beneficial to CuO dispersion on the catalyst surface
because of a strong interaction between CuO and CeO,-ZrO. and to the improved reducibility of CuO,
which resulted in higher catalytic activity. We conclude that finely dispersed and small CuO particles
strongly interact with CeO.-ZrO, are responsible for the high catalytic activity toward CO oxidation and that

large CuO particles that do not interact with CeO.-ZrO; inhibit the catalytic activity.

Key Words: Catalytic activity; CuO/CeO--ZrO;
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FH A8 T Y e -t e v k3 T ¥ e AR 72 B e 45
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IR, AEPGH B FE R IR A i 2 18 T\ 3
AWK = geirh, 7Rk fE v, i A s
EALPUTEE A i Cu(NHS)(OH),. ¥ N 4h o, A4k
pH=10 Zi 47, FF4R S0 HE 1 h. 2 J5 B W TR & YT
NI, Bk T %5 hy 300 W, B i dE R kAT

pH £ 3B W BEAG, 24 pH=7 I, K5 S50 T 23 2 800
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T-900 W ZhZ R A48 3 min, 75 AL E AT 9K
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7, id o CuO-CZ-1, t REHERE (°C).

n(Ce):n(Zr)=3:2 [ Lt L B BH 1R & K 3, 7
PRI RE T W L8  \ B B B s K 0 = B
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LS SETR A BT 0B AR B A 5 (1 B 4 2D R
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P RS B A A, FRE BT B A A
PFE S IEBIN— B AR F) Cu(NOs). /KB, 78
O PR G, FIRTE 4 h RTINS T 80 °C
IR B T, PR AE — 2 i B R R 08 2 h A3 2 AL
CuO/CeZ10:0,, it h) CuO/CZ-t, t M5B E(°C).

PLE BT AR5 R CuO B 5 43 5034 0 10%,
BT R340 24 3 B 2, 08 1 [l 2 4R T 1 it A 2% R 7
HIRAF.
1.2 BILFIRIRIE

XRD MR 7E 17 2 X Pert Pro % X 5 4R AT
AT, KA Cu K 4B SR, 2=0.15418 nm, 45 HL R AE
R 43 59 4 40 mA Fl 40 kV, 471 4 5 ok 20.0°-
90.0°, F13H 33 3 2 8 (°) »min~". R CeO(111) i Ifi
FRIATT SR W 23 591 K | Scherrer 24 2 1 Bragg J5 i 44
CeO. 1) fitbr T A i il 244

FF & 1) LU 2R THUBURT FL 254 96 5] Micromeritics 72
F AP ASAP-2020M+C HY [ 54 BE Ak 24 W B
BN AW B 5 L 77.3 KR SEAT 00 5, WA T RE
J6 T 473 K Nl BT Tk 2 4 h DLBR 25 0 W B 1) %
JR AT H AR iR a2 A1 TEM-2100 458 5 i1
AU ILEARE S 1 RN S ES.

Ho-TPR W75 el Y A 948 | N s AT,
FE i 0 H 528 50 mg, DURFR S 200 10% H.-90% N,
RA AN IE A, SAARRE K 50 mL - min™', FHELHE
0 10 °C-min™". FHEL st 2 b HL 0 FE WV
W37 3 ) AE 2 () GC 9750 A RH (0 i A A 5 it
G I AT RS
1.3 ELFEMERIEN

CO A S N AE 5 A8 [ 5 R I B0 S I 2%
EHEATR K 0.2 g K/ 40-60 H A PR S
0.6 g B &K /IMH M A SR G TG, FEANE N 6
mm ¥ A5 A s B . AE 200 °C R A Y A 45
mL - min™ (K N, 30 min, S8 J5 V14 4 S TR &5
R, HARFRAL N 1% COL10% O,, Hi 43 N, it i
945 mL-min™. N AT AR RO WV 0 A
SEAFEPE I GC 9790A BY S AR (0 A HEAT AE £ 5y
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TIOR8 45 IRV FH. T 7 20 VR AE AR IR i i e
H i P A R T 284 3 T B AL T N R TR s
TR B RN, SO FLE 8 40 15 %€, 48 il i b, CuO
TR [ 58 1 15 Ce0,-ZrO, ZR AR UKL 2 18] AN REAR & 3
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b 5 SR B, AN TR (1) i 45 7 16 CuO/CeO,-
ZrO, AL (1K) B R R RI L2877 42 T — 52 I 5% i,
117 H AT g 2% 520 £ CuO 7E 4B = A A b ik o
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2.2 XRDH#f

12 R TP o 7 25 161 4% Bt 1D XRD . M &
1A LR H, SR — ik & R S 2 T8 a, RIAE
JSCT A A Al A, A T AR A R
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Fig.1 XRD patterns of samples prepared by the two

different approaches
(1) sample prepared by one-step approach and dried; (2) sample
prepared by one-step approach and calcined at 300 °C; (3) sample
prepared by two-step approach and dried; (4) sample prepared by
two-step approach and calcined at 300 °C

B T A A B YR 45 Y AR R X H R
T SR A 7K 2 B e AR e 1) e e 4 11
VR iR 5l), 703 2 TR S EE 45 A R R A, A
VO P U BT, S I ISR, IRy
KT (R AEPE 7 VRS ie e e A 3 2 S A AL
Yooy 1, hnad LA R, ek 1Bl RS [ 9 1A (1 2
Jol 1 [ (R i AL, B e R, 2 2% 5 ) )
fif# Jhy Cu(OH), Jim, T E e (1 A 32t 3 i 3k I it 7 ok
P2, 2B % 1K) CuO fE POAR 4l [ 9 A4 . iy 142
PR T, CuO A i 3 Rz K 0ok A K K

FT1 —HFOASEHZFEAFB EEREFR(Soer)~ LB Vo)« BRIES EU(P o) FI B FL K /N (D)

Table 1 Specific surface area (Sger), pore volume (V,..) , lattice parameter (Puu)), and crystallite size (D) of the catalysts

prepared by one-step approach and two-step approach

Catalyst Seer/(m*-g™") Vo (e« g7) Puny/nm D¢.o, /nm Deo/nm
CuO-CZ-500 142.7 0.35 0.5295 4.1 -
CuO-CZ-600 123.0 0.36 0.5293 53 -
CuO-CZ-700 69.0 0.30 0.5292 8.1 29.0
CuO-CZ-800 30.5 0.16 0.5295 11.5 31.0

CZ-500 156.4 0.35 0.5297 4.5 -
CuO/CZ-500 123.9 0.32 0.5289 4.8 339
CuO/CZ-600 109.1 0.30 0.5287 53 339
CuO/CZ-700 63.1 0.22 0.5286 7.8 38.3
CuO/CZ-800 18.9 0.12 0.5290 12.5 44.0

CuO-CZ-t: sample prepared by one-step approach and calcined at z °C; CZ-500: CeyZ1040. sample calcined at 500 °C;

CuO/CZ-t: sample prepared by two-step approach and calcined at 7 °C
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Fig.2 XRD patterns of the catalysts prepared by one-step approach (A) and two-step approach (B)



3282 Acta Phys. -Chim. Sin. 2010

Vol.26

Ba s
g™ ¢ 7 Y
ol [ &)
o~ Ky 2% 3 & < 0
MR Ned L AR A

3 KIERE 600 °C B —435A) A S5 B)H FE LB TEM B K

Fig.3 TEM images of the catalysts prepared by one-step approach (A) and two-step approach (B) and calcined at 600 °C
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Fig.4 H,-TPR profiles of the catalysts prepared by one-step approach (A) and two-step approach (B)
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Table 2 Temperatures and areas of reduction peaks of
the catalysts prepared by one-step and two-step approach

Catalyst  T1JC TYC T/C AJA(%) AJA(%) AJA(%)
CuO-CZ-500 165 196 - 40 60 -
CuO-CZ-600 159 198 - 32 68 -
CuO-CZ-700 160 201 223 24 71
CuO-CZ-800 160 208 223 12 63 25
CuO/CZ-500 161 198 228 24 37 39
CuO/CZ-600 158 197 231 20 41 39
CuO/CZ-700 163 201 235 18 40 42
CuO/CZ-800 172 206 254 3 42 55

T:: the reduction temperature of the i peak; 4:: the area of the i peak
(=0, B and y) and A=A4.+A4s+4,

4 P 530 5 D6 (1 3 P58 R 0 TR A0l 41 13K 2.
HH 2 HH 250 T 200 AN [R) vk T 6 R A A AE B
IR ZER. (1) — 1L R 500 °C K5 RERE b 1K obée 1)
I JEUR FE R 165 °C 2 Ak, e =N FFE i 1) ol (1) 3
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T i, 510 B CuO [Pk JRPE FEAAS AR 117 5 25 15 1l
25 B ity oLl PR IS D it P38 o A R R I 8 T T e T
BT R A, R B B AR el IR T =,
I3 I CuO [ 34 J5U 1 28 T ek 55 . (2) — 0 2 il 46 R i
AT 14 700 F11 800 °C H5-48 IIFE ity A Ayl tH IR, Tfi
L VAEIRLAR W), 17 R 2022 TR BT A R ) LR By e
LU0 B A TR Ao i S 1 T e B i T v, 3R
B IA0 JE I SR WA 22 . (3) o T AH [R5 it JBE 11144 1)
TEAGTR, 202 88 ol Py D il 22 I A vy 20k
2% R S Ry Uit 1 FL L0 TRIARUIT oy 09 L o) 4 (2 3%
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Fig.5 Activity for CO oxidation of the catalysts prepared by one-step approach (A) and two-step approach (B)
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