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Electrical Conductivity and Defect Structure of CeO,-ZnO System
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ZnO-doped CeO», containing ZnO of 1, 5 and 10 mol%, respectively, has been prepared with purity CeO,
and ZnO powder. All the specimens have been sintered at 1200 for 24 hours and then annealed at 1000 °C
for 12 hours. All specimens were identified as fluorite structure by the Rietveld analysis It is also predicted
that the main defect should be oxygen vacancy. Electrical conductivities of all specimens were measured
as a function of temperature from 600 °C to 1100 °C and of oxygen partial pressure from 2x10™ to 1x10” atm,
respectively. The activation energies are 2.0~2.2 eV in high temperature region. In the all region, the oxygen
partial pressure dependences of electrical conductivity show that the value of 1/n is -1/4. From the results,
the predominant defect of intrinsic and extrinsic regions can be concludes as a singly and doubly ionized oxygen
vacancy model, respectively.
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Table 1. Rietveld Analysis Results for the Ce0,-ZnO System.
Space group : Fm3m (No.225)

ZnO(mol%)

1 5 10
Cell parameter(a,A) 5.4116(1) 5.4116(1) 5.4115(1)
Density(g/cm’) 7.2131 7.1122 7.1200
Occupation number(N)
Ce(0,0,0) 1.00(3) 0.97 0.97
Zn(0,0,0) 0.00* 0.03(1) 0.03(1)
O(1/4,1/4,1/4) 1.00 1.00 1.00
Thermal parameter(Bi,,)
Ce(0,0,0) 0.01(2) 0.76 0.23
Zn(0,0,0) 0.00%* 0.76(3) 0.23(1)
0(1/4,1/4,1/4) 2.0(4) 0.60(2) 0.49(3)
Rwp 9.44 9.61 8.54
R, 7.21 7.62 6.62
R. 7.13 6.70 6.79
S 1.32 1.43 1.26

(*) indicates parameter failed to converge



Electrical Conductivity and Defect Structure of CeO>-ZnO System 55

Mg (0.66 A) == Ba’'(1.34 Ay5-< X85S 7 %‘H‘: H
7Ful¢- 2o 7 Zko) oF 2 mol%eEtaL B 7811t B3 Menon
EVe T3,0:2 X3 A ATE L 790l % Ta™(0.68 A)2]

o] 2R Zko} 2 XRDE ]88k °F 4 mol%7HA] 3L

SAFAHLE 7AW, AAPde] HMske gtk Barsksl
o 2 Ao E 2 XA A E S 3hS W wkgel 3o
&}aL ge o 79] Zn07} 5, 10 mol% 7-9-ol] Urelk o, 32

A FAAH 7 1~5 mol% Atelell A& Aeolgt d&5E + 3
SHETEREA TS o] &de] @S Vel A] %%ttt
TAAME S AAIE Zhe o] 0] Bl =& YA}
£ 2te BAISEHEY =ERS o e e v T 7t
A o] EA 7Hs S A ste] Ade] A S st
S 7HA] 715 AL Ceto) zn'o <]s) X3k ol w) AkalA)
27t FA AL A9 T OE 7S Zn’'o] Bl o
EA9E 7ol th X-A SIHREHH S o] &g P 49
A Ao AR E = g HlE) A A o2 Fol 7] Wi
o 2kA~9] 591K (occupation factor)E 12 LA A LM,
Fm3m(No.225), &7F+S 23l ¥4 A (fluorite)S! CaFyd-2
Fd 2 ot 5k 2RIz o] Ao o] gk 4kA o] H]3lekek

(¢

32
r iu)
re t

A 3 AL skA et xﬂaom iy T2
AA E(172, 12, 12y& zhe @91 725 27 Wil &2 =
Folo] FAHIAI = 7 %‘?Qﬂ T e Aem A

itk el A WA Al Foleo] EAAE R SIS ALE 7}
ot T2EA S TR, 2ol e ThFS A g
=& TEAE 0T e A skl o) Akl g
23 7S Aee esA TEAE 21013 .5,
10 mol% 3 71l 7 Al52] A|2ke F& vehll= A<l XM

ol 25 0.03 Aol o3l AlEA A ol ZnZ*O] 3 mol%7}
A X% 4= 91%—2— gl 4= o, 21F = AR R

o] 77} 7.62, 6.62% WHEFSITE 0151 B X4 S H &

18000 — . : : —
16000
14000

& 12000

£ 10000

8000

6000

4000

2000 l

COou

20 30 40 50 60 70 80 90 100
20
Fig. 1. Rietveld refinement pattern for CeO,-ZnO (5 mol%).
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Fig. 2. Plot of density vs. ZnO mol%.
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Fig. 3. Logarithm of conductivity vs 1000/T(K) for a CeO,-ZnO
(5 mol%) system under various oxygen partial pressures.
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Table 2. Activation energies of the CeO,-ZnO systems for various
oxygen partial pressures in the high- and low-temperature regions

E.(eV
Composition - (V)
of ZnO Poy(atm) High Temp. Low Temp.
(800-1100°C) (600700 °C)
2x10" 22 1.3
1%107 2.1 1.2
1 mol% 1x10° 2.1 1.2
1x10™ 2.0 1.3
1x107 1.9 1.3
2x10" 2.0 1.7
1x102 2.0 1.7
5 mol% 1x107 2.0 1.6
1x10™ 2.0 1.5
1x107 1.8 1.5
2x10™ 23 1.7
1x107 23 1.6
10 mol% 1x10° 22 1.6
1x10™ 2.1 1.6
1x107 2.1 1.6
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Fig. 4. Electrical conductivity as a function of oxygen pressure for a
Ce0,-ZnO(1 mol%) system at various temperatures.
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Table 3. Temperature dependence of the -1/n values for each of
the CeO,-ZnO systems

L kopet

o -1/n values
Temp.(°C)
1mol% Smol% 10mol%
1100 1/4.4 1/4.5 1/4.3
1000 1/4.1 1/4.3 1/4.0
900 1/4.3 1/4.2 1/4.0
800 1/4.1 1/4.1 1/3.7
700 1/3.9 1/4.1 1/3.5

600 1/3.9 1/4.0 1/3.5
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