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Influence of doping Zr on the performance of CeO,-ZrO,-Al, O,
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Abstract ; Ceria-zirconia-alumina composite oxides CZ, A (the molar ratios of Ce, Zr and Al are 1 : x : 2,
x=0, 0.5, 1, 1.5 and 2) fresh samples were prepared by the co-precipitation method. The samples
were thermally aged in a flowing air atmosphere and in 10% H,/Ar flow. The structure and
performance of the composite oxides were studied by X-ray powder diffraction (XRD), N, adsorption-
desorption (BET) ., oxygen storage capacity (OSC) measurements, and H, temperature-programmed
reduction (H,-TPR). The results show that for CZ, A samples, with the increase of the content of
Zr, no CeAlQ; phase is observed in the CZ,; A-H,-1100 and CZ,A-H,-1100 samples which are

1

reductively aged at 1100 °C ; the oxygen storage capacity (OSC) is 713 pmol *+ g~' and 548 pmol * g™ ',

respectively, far higher than the 23 ymol » g

of CZA-H,-1100; and the hydrogen consumption of
H,-TPR is 1995 pmol « g~ ' and 2087 pmol « g~', respectively, while the hydrogen consumption of
CZA-H,-1100 was significantly reduced to 310 pmol *+ g~ '. The OSC of CZ.A is affected by the
formation of CeAlO; during the reductive treatment, which is consistent with the change result of the
hydrogen consumption of H,-TPR. It was found that CA samples are more likely to produce CeAlO;

after reductive treatment, and the CZ, s A and CZ, A samples doped with a certain amount of Zr
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elements in CA can inhibit the formation of CeAlO;, thus significantly improve the oxygen storage

performance and the hydrogen consumption of H,-TPR of the material. Furthermore, CZ.A have

better reduction performance at low temperature after reductive treatment.

Key words: CeO,-ZrO,-Al; O ;reductive heat treatment;CeAlO; ;oxygen storage capacity;reducibility
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Fig.1 XRD patterns of CA samples after reductive

heat treatment at different temperatures

Bl 2 2 1100 Cik Ji #A44b B A [A] Zr 5 5 FF 5
CZ.A (Ce, Zr, ALEEJR L 1+ 22 2, Hp =0,
0.5,1,1.5,2) 8 XRD K. mTLLAE H,CZ. s A-H,-
1100 5 CA-H,-1100, CZA-H,-1100 #¢ % X5 7¢ 46 [F
20 f b R H B T CeAlO, Y137 5t 1§ (JCPDS: 081-
1185),1M CZ, ; A-H,-1100 1 CZ, A-H,-1100 &£ & )
B W% E] CeAlO, AT HT 0, WL, BEE Zr & &t
B AN, CZis Ay CZ, A FE i 38 5 #4 4b 3 if a] 1) 461
CeAlO, KL AL,

o k-Ce,Zr,0, * ZrO,
o CeAlO,
(]

CZ,A-H-1100

CA-H,-1100

10 20 30 40 50 60 70

Bl 2 1100 C ik J5EHAb 38 A9 R ) Zr & BERE D XRD %
Fig. 2 XRD patterns of samples with different Zr contents

after reductive heat treatment at 1100 C
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Fig. 3

N, adsorption-desorption isotherms (a) and pore size distribution (b) of CZ; ; A

samples after calcination in different atmospheres at different temperatures
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Fig. 4 N: adsorption-desorption isotherms (a) and pore size distribution (b) of CZ; A samples

after calcination in different atmospheres at different temperatures
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Table 1 Textural properties of CZ; s A and CZ; A samples
after calcination in different atmospheres

at different temperatures

X ATRER N CZA-H,-1100 A4 i T K& CeAlO; , 1
CZ..sA-H,-1100,CZ, A-H,-1100 B Zr & & (34 m .
A L) CeAlO, /> ok B T8 B (UL I 2)8 1 B gk
CZ, s A-H,-1100 & CZA-H,-1100 o 3 i A k. (H

Sger/ P 1 Average 3 N < “ by s
Sample e ore volume/ - Average pore X IFAE CZ, s A-H,-1100 o CZA-H,-1100 £ % P fE 47
(m?* « g 1) (em?® < g™ 1) size/nm
CZ: - A 500 115 0. 129 188 KRZEBA L — [ CeO, £ 222 3 I i %0, 1M G
CZ1. 5 A-air-900 27 0. 060 2.92 B AR G AR 3 AR i, L PR R A2
CZisAmirtion 1 0.047 5,10 H BB B U AR N 5 Ah . CZA-HL-1100 H
CZ1.5 A-H2-900 29 0. 069 3.12 CZA-H,-1100 H. [ AUN, i CZ A-H,-1100 4% &
CZ.5 A-H,-1100 10 0.051 7.78 g TN
CZy A-500 129 0.148 1.99 @Hb []JLEHS CZA-H,-1100 'fjﬁ# JXlEHT CZLsA’Hz’
CZ, A-air-900 31 0. 064 2.87 1100 F1 CZ, A-H,-1100 #£ & /2 B Zr & & 1Y 3 hn 4 i
CZ, A-air-1100 2 0. 027 12.94 T CeAlO; WYIE BTN A F T4 55 58 A R e T it 4 4d
2 AHL900 10 0077 27 BN [ fiff SRR fiE L OF A P RE 9 HE 2 0 BUR /D D
CZ, A-H-1100 1 0. 030 11. 08 .
BT,
R2 CLACLASHMZERRALEFEME 00 CRHEFEERE
Table 2 Oxygen storage capacity (pmol * g ') measurement results at 300 C of CZ, ;A,CZ, A

samples after oxidative and reductive treatment at different temperatures

OSC/(pmol = g~ 1)
Sample P p . p . p

500 C 700 C 800 C 900 C 1000 C 1100 C
CZ1.5 A oxidized 428 347 322 260 110 32
CZi.5 A reduced 548 605 645 1923 713
CZ: A oxidized 451 397 361 314 161 22
CZ2 A reduced 663 684 871 663 548

Note:OSC value is the result calculated by converting the sample to CeO; per gram.

2000+ —=— CZ, A oxidized
1800 —e— CZ, A reduced
1600 —4— CZ A oxidized

—v— CZA reduced

Oxygen storage capacity

500 600 700 800 900 1000 1100
Temperature/C

Bl 5 AIESE AR E TR B 8 CZ, s A, CZs A B E 300 °C
03T A5 5 f T I R Ak VIR, R g A i 2
Fig. 5 Variation curve of total OSC measurement results at 300 “C

with treatment temperature of CZ; 5 A.CZ; A samples after

calcination in different atmospheres at different temperatures
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g ', CZA 4358 2136,1601,310 pmol « g "M Jp H:
CZA-H,-1100 & Wi /]y, 3% Fh A2 {6 7] B8 /2 2 CZA-
H,-1100 4= /L T KB Y CeAlO,, i 1100 °C i JF # 4b
PR [E] Ze AR S XRD B (8 2) B8R CZy 5 A-
H.-1100,CZ, A-H,-1100 ¥ i 4= B 19 CeAlO, # 7 5%
B A L X 5 0 G AR S R A . W BRI
T Bl AR A A S AL I8 SR AL BRI CeALO; I9TE I
3 SR T A A AR S R (H X HL-TPR £k
Jer W I B SE e AN WY S AL 6,7 FIER 3 AT E L, CZy s
ALCZ, A BrEEFE S22 900,1000,1100 °C ik J5 #4b 3 5
B H.-TPR M4 4 J5t 0 I B 28 48040 FA kb BERE 5 1Y
WA (i 7~66 “CH. SR, CZA Fr 8 K i 4 900,
1000,1100 °C i Ji #hab 38 5 () H, - TPR H 28 34 i 0% it 3
bl S Ak A Ah BERE & 0 B 35 B IR (fIK53~100°CHM
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Fig. 6 H,-TPR profiles of CZ;. 5 A samples after calcination in

different atmospheres at different temperatures
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Fig. 7 H2-TPR profiles of CZ; A samples after calcination in

different atmospheres at different temperatures
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Table 3 Temperature of reduction peak and hydrogen
consumption values of H,-TPR for CZ, ; A,CZ; A samples
after calcination in different atmospheres at

different temperatures

Temperature of Hydrogan
Sample reduction peak/C iZT::/n(litr;oor; cg D

CZi5A CZ, A CZi s A CZ, A
500 °C flesh 530 542 1368 1036
900 °C oxidized 632 609 1116 1008
1000 C oxidized 692 668 1006 968
1100 °C oxidized 572,734 753 383 435
900 C reduced 625 571 2088 1984
1000 C reduced 664 640 2164 2218
1100 °C reduced 680 687 1995 2087

CeAlO, B I A [ CZA #E & 89 H,-TPR f#h £ 8
JROUG R B T . FR T DL il B AR R A B AR &R R
PO H R TS W B R CeALO, » LA 16 38 J5 45 fig
Y 43X AT AE 5 38 B 34k BRI B Y k-Ce, Zr, Oy [
A e

3

(Ce Zr Al EE/RIL 1 ¢

&t

=

(1) R LU0 v v5 il & sk s 2 A |k CZ A
2, % »=0,0.5,1,1.5,

A =N I O N (R
800 °C).CA ¥t fh 5 T i, CeAlO, . 1fi £ CA 5 24
—SER Zr TLEMW CZs AL CZA FEFBEMH CeAlO,
1% B .

(2)CZ. A HFrétFe i &0 R A, CZ, 5 A-H,-

1100,CZ, A-H,-1100 A5 it (713,548 pmol » g~ ') it
KT CZA-H,-1100 (23 pmol » g~ '), H: H,-TPR #E
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