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Structure and Oxygen Mobility of Ce,_Zr,0, Prepared by
Citric Acid Sol-gel Method
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Abstract The structure and oxygen mobility of Ce,_Zr,0, (0 < x < 1) samples prepared by citric acid sol-gel method
were characterized by XRF, XRD, Raman, XPS, Ar* etching-XPS and H,-TPR. The data showed that the crystalline
structure of Ce,_Zr,O; can significantly affect the oxygen mobility. When x < 0.15, the samples were found to exist as
cubic Ce-Zr-O solid solutions. An increase in x resulted in a shrinking of the crystal unit volume, an increasing in the
number of oxygen vacancies, and an increasing in the oxygen mobility as well. When x > 0.15, Ce,_Zr,O; existed in a
mixed phases of tetragonal and cubic Ce-Zr-O solid solutions; the percentage of tetragonal phase increased, oxygen
vacancies decreased and oxygen mobility reduced with increasing x in these samples. Therefore, this present work
shows that oxygen mobility in the CegZr,,50, sample is the highest.
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2.1.1 X-ray diffraction (XRD)

Bl 1R 1 A XRD 4558 nfIAEH, x < 0.15
it, HHH ST ) CeO, M (PDF34-0394), A Y CeO,
AHAT S04 I x=0 B 1) 20 ~28.6°, 47.68° i 8 & x=
0.15 B4 20~29°, 48°, fMESEL “a” M 0.5427 nm
/0 ) 0.5391 nm, X &l F & 7R RN T Cet
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Table 1 Composition, surface area, O 1s-XPS and H,-TPR data of Ce,_Zr,0, samples

O 1s-XPS™ " TPR
Sample x* Sper/(m*+g™) a/nm
A A, AA, Y(%)***

71O, 0.99 2.63 - 26141 12612 0.48 -
Ce2Z1,50, 0.80 3.00 0.5176 27416 23040 0.84 97.2
Ce5Z1,50, 0.51 17.1 0.5289 - - - 43.8
Ce75Z12:0: 0.25 32.1 0.5426 28620 30014 1.05 70.7
Ceg:Z101502 0.16 34.3 0.5391 31823 36266 1.14 74.9
Ce o521y 502 0.06 23.1 0.5418 28446 28686 1.01 66.6
CeO, 0.00 8.90 0.5427 30850 21943 0.71 37.4

*x in Ce,_Zr,0, measured by XRF; ** A, and A, denote the XPS peak area shown in Fig.4; *** reduction percentage of CeOx(%)



No.1 TRAADREE  FPERTR IS I -BE L ] 45 (1 Ce Zr Oy 548 ST R Sl 1k 35

¢ monoclinic
o tetragonal
o =cubic

Intensity(a.u.)

N
30 40 SO 60 70
20/(°)

1 Ce. Zr, 0, Hml X SF&ITHE
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Fig.2 Raman spectra of Ce,_Zr,0, samples

(1) x=0; (2) x=0.05; (3) x=0.15; (4) x=0.25; (5) x=0.5;
(6) x=0.8; (7) x=1

JEAEBL FRATTXT Cey_Zr,0, ¥ & (1925 44 % ] Raman
BRIV T T 3RAE, S50 2. 0T IBEH, B x < 0.15
i, HAE465 em™ b B7R T Fodr 5 G5 RFE W (Fm3m
23 8] DR M Ex > 0.150F, A{UA 465 ecm™ A9 37,
7 GERRRE G, T HL7E 142,254 316,455,590 613
em b LT 5A,+2B, A+3EAR SN I 1Y )5 ZrO,4H
FJRaman FHEIEE (%S [B) SBEPA2/nme)®! . Bl R H 81
1.1 T RAAR . 4l ZrOy(x=1)H HAEAE DY )5 A7 (146
266.317.333.456.474 641 cm™)FIEARAH (178,191 .
222 348,503 537,562,617 cm™), NELEN A, 1%
5 XRDAHICe,_Zr O, K2 25 FAH—5L.

FE— W ur L E 4R, X CeLZr,0, 4T T
ArZI-XPS 43#r, 455 UL 3. fE 3 AT LAE H, XF
T CeyoZrys0,, FEZE ZI B (B30, ny Inee HoAE 3
WD, SR G HEADRRERR R, R WA S 3R TH VR )2
BT Zr0, B2, MRIZT Y nyne. AR/ INR W]
e T 45) B Ce-Zr-O [ 1A . Xt F CeosZro 05, nz/
ne 6 HJRTEFF IR /3 B8 00, SR G R FFfR e, &
B IE R ZrO, 570, #E i E LA Ce-Zr-O [EE AL
TEAE. KT CeossZro1:00 Nz Ing, FAFIEZE Z)) ok i) (5] 38
TR A, W Ce I Zr 23 A4 5], B2 4T
T Ce-Zr-O [E# A, iX 5 XRD F1 Raman A9 4%
HH—EL.
2.2 Ce. . Zr,0, IR
2.2.1 0 1s-XPS

T4 7ECeOH Y RIUE 25 ML HLIER, BT LA ZS
B 55 R sh B UIAHE, T2 60 v] LA O 1s-
XPSH . 4K Ce,Zr, 0,0 1s-XPSi% [, th & Al
UL, O 1s-XPS i AU BY, 454 REBR Y14 (E,=529.5

5

|~ 5

O Il Il 1 Il 1 L 3
0 20 40 60 80 100 120

Etching time(min)

3 AEHRE nu/nc LLBE ArZl i e E R L ER

Fig.3 Curves of nz/nc vs Ar*-etching time of

CeZr,0, samples
(3) x=0.15; (5) x=0.5; (6) x=0.8
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Fig.4 O 1s-XPS spectra of Ce,_,Zr,0, samples
(1) x=0; (2) x=0.05; (3) x=0.15; (4) x=0.25; (6) x=0.8;
(7)) x=1
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Fig.5 TPR profiles of Ce,.Zr,0, samples
(1) x=0; (2) x=0.05; (3) x=0.15; (4)x=0.25; (5) x=0.5;
(6) x=0.8. 950 C/30 min on the abscissa indicates that

the temperature was kept constant at 950 C for 30 min.
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