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Effect of Preparation Method on Catalytic Performance of CuO-CeO,ZrO,
for CO Oxidation
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Abstract: Three types of CuO-CeQ,/Zr0, catalysts were prepared with ZrQO, as the support by different impregnation
sequences, and were calcined at different temperatures (500, 650 and 800 °C). These catalysts were characterized by
X-ray diffraction (XRD), temperature-programmed reduction by H, or CO (H,-TPR, CO-TPR), and temperature-
programmed desorption of CO (TPD) techniques. Their catalytic activities for low temperature CO oxidation were
investigated using a microreactor-gas chromatograph system. The results indicate that the catalytic activity for the
catalysts calcined at 650 °C is the highest and is in the following order: CuO/Ce04/Zr0,>Cu0-Ce0/Zr0,>Ce0,/Cu0/
Zr0,. Based on the results of characterizations and catalytic activity measurements, we propose that the well-
dispersed CuO is the center for adsorption of CO and is favorable for low-temperature CO oxidation, and the bulk
CuO contributes little to the catalytic activity because of its inability to adsorb CO. Among the three types of
catalysts, CuO/Ce0,/ZrO, has better low-temperature redox property, larger CO, desorption peak area and higher

catalytic activity for CO oxidation.
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Fig.1 CO oxidation activity on three types of catalysts prepared by calcining at different temperatures
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Table 1 CO oxidation activity on three types of catalysts prepared by calcining at different temperatures (7)

Tlm* / o(:
Catalyst
T=500 C Te=650 C T=800 C
Cu0/Ce0,/Zr0, 92 87 105
Cu0-Ce0y/Zr0, 102 97 125
Ce0y/Cu0/Zr0, 105 103 130

"T\w: Temperature for 100% conversion of CO

2.2 fELFIA XRD 5 #7

2 R BAR 70, KA TR b il BE R Jr ol 4% 3
FiAEAL R B XRD B35S B UL AT WL | ZrO, £F 28.2°F1
31504k H BT A ik 177 S e | 3¢ B L D) B AR A

FERY T AL BR B ZeO, fi7 ST AN 7 20=
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Fig.2 XRD patterns of ZrO, and three types of catalysts

prepared by calcining at different temperatures
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Table 2 Crystallite size (D) of CeO, in the three types of catalysts prepared by calcining at different temperatures

Do, / nm
Catalyst
500 °C 650 °C 800 °C
Cu0/Ce0,/7Zr0, 10 15 57
Cu0-Ce0y/Zr0, 8 11 33
Ce0,/Cu0/Zr0, 6 10 36

23 fEHFIE H-TPR 247

3 2 A [R5 b Tt B2 T il 4% 3 el A Ak 7] 11
H-TPR 14k, Hi Mt n] WL, BT A FE S AE 125~250 CZ
[i] th B A S ) SE 0 L S FIH Gaussian 75 %
HAEAT oW ab B 25 AN T R s, AT UL T
AR I 2~3 AN S Fae B FR AR s A )
BARIC N « B 1y W M HE TR AT ET I B 5T Y 4

SR FRATTIA A B AP Y o A U T A AL ) R T
CeO, B MM S 478 CuO BYIR R B WS IH 8 T
AR 7 2% 1T B /INBURE CuO(XRD T A6 ) A9 34 J52 |y
WA 7 A AR IBURL 9 CuO (XRD wJ ARG ) ik
Jit A D U ) DS TR JEE (T,,,) S W T ARL(S) 51 T 36 3
H,

H 3 3 W UL, 6T TRIRS 8 i B T il 25 14 i AL
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Fig.3 HyTPR profiles for three types of catalysts prepared by calcining at different temperatures
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Table 3 Temperatures and areas(S) of reduction peaks for the three types of catalysts prepared
by calcining at different temperatures
T./ C (Se/ au.) T/ C/(Sp/ an) T,/ °C (S, / au.)
Catalyst
500 C 650 C 800 C 500 C 650 C 800 °C 500 C 650 C 800 C

A 155(74.2)  154(159.0) 174(81.9) 188(548.8) 206(987.3) 228(650.0) 207(411.8) 231(220.6) 261(719.0)
B 174(167.3) 165(188.6) 177(53.6) 197(311.9) 215(828.5) 228(648.2) 208(359.9) 237(84.5) 255(483.7)
C 177(334.3)  172(194.8) - 201(197.6) 218(664.1) 218(447.9) 218(542.7) 247(130.9) 247(456.4)

MBS N 650 CH 3 ALY o 38 i
) Tk B 4 e AR, D8 7R X — K5 BE IR BE R CuO MUk Y
STEPE Y A, H CuO/Ce0,/Zr0, HEALTIY o U
W R K, KW CuO POKITE CeO, AR FE I 1)
I EURE B R, R Cu0-CeOy/Zr0, HEALF, T
CuO 1 CeO, R #E 5| A E 7r0, B E T, #1F CuO
[RIEF7E CeO, Ml ZrO, 1438, 2 F CuO 7 Zr0,
2 73 BOHE N WNAE CeO, 2R TN AP CuO-CeOyf
Zr0, HEALFI T CuO W20 BUE AR T CuO/Ce0,/Zr0, fiE
B3 Xt F Ce0,/Cu0/Zr0, HEALH] 11 F CuO BT
Zr0, MR oot e 22 | M o WA B e i
AN KGRI EE M 650 CHE R 2 800 CHY, CuO i
WL HE R R JE ) 45 | oo WA T 16 TR FRLES) B 0k
Hoak J5 i B 2 2 Th e T HL o W Y 6 T AR P
Cu0/Ce0,/Zr0,,Cu0-Ce0,/Zr0, il Ce0,/Cu0/Zr0, )
5T J 3 R U/ | B AN o U

M3 AT LLFE M, AR E Y 500
650 CHY B WE R W) T, Bl e iR B 19 7t & ifiy T+
=, (BN — RGBT, MR I T, K
Cu0/Ce0,/Zr0,.Cu0-Ce0,/Zr0, Fl Ce0,/Cu0/Zr0, )
WP BT, UL CuO FIUR R /N 5 4% e T %
A AL 5 A TR A L AR TTEE 800 Cr ik be )
B VEFN y WER) T, FUTH AR K CuO/Ce05/Zr0, .
Cu0-Ce0y/Zr0, Fl Ce0,/CuO/ZrO, WU JT 2 i AL

XA B A CuO FE7E T CuO/CeO,/Zr0, AL Y
AN TCIe R B/ NIORL AR CuO #57] L
B H, A Bt H,-TPR ey i i it e 2 4 16 57 o K
WKL CuO MY ELSE B TTE CeO,/CuO/Zr0, fEAL
. BT CuO ¥ CeO, FLEE, FEHE RBRT CuO
B CeO, MR B B CuO JOHEME H, 705010 5
IS HL-TPR 1 e T 5t e AN S 6 T AR A /N1 HL i
Jir U P T 85 AT

H LIRS E AL Y H-TPR R AESS R 5 H A
FEiEPEEAT I T LB, HAE Ak cO Ak B Y
WM EEY o B JFIEAHC, BT o 38 J5 06 1 L 6
I, A TE s SRS L IS5 AR
— 5, Ml ATTFE A CuO/TiO, . Cu0/Sn0, Al CuO/TiO,-
SnO, fEfL I A PERERH L & B0 HAE AL CO %Ak
BTG TS o 3 BRI AH 56 | o 140 505 110 L 8 ARG | v A
N =R = S WU - | g T =
FE 53 HLR CuO P FP 2 A AL cO S Ak 52 Ny 32 22
T
24 fENFIA CO-TPR RIE

Kl 4 J& 800 °Ckx ke BT il £ 3 Fh i k57 19 CO-
TPR Kl AT LUK B, A AR A AE 200 °CZe 47 #B 1 31
T — BRI IR IR R (o), T 7E 260 CAE A7 T HL
— AN R TR S (B) MR SCHRIY o WX B
W Cu YRR BYIE L, B T I ARSE. Cu WA YR 5
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Table 4 Temperatures and areas of CO, desorption peaks for three types of catalysts prepared by calcining at 800 °C

Catalyst T,/ C (S, / a.u.) Ty/ °C/ (Sp/ a)
Cu0/Ce0,/Z10, 195(9.69x107) 260(0.17)
Cu0-Ce0,/7x0, 205(6.91x107) 255(0.75)
Ce0/Cu0/Z10, 205(4.51x107) 269(4.05)

B Cu0/Ce0,/Zr0,

CO, formation (a.u.)

CuO-Ce0,/Z10,

Ce0,/Cu0/Zr0,

100 200 300 400 500
Temperature / 'C

A: Cu0/Ce0,/Zr0y; B: Cu0-Ce0,/Zr0,; C: CeO,/Cu0/Zr0,

4 800 CHiBEpT il 4 3 R AL B9 CO-TPR
Fig.4 CO-TPR profiles for three types of catalysts
prepared by calcining at 800 C
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Fig.5 TPD profiles of CO adsorbed on the three types of
catalysts prepared by calcining at 800 °C
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