Joumal of the Korean Institute of Electrical and Electronic Material Engineers. Vol.12, No.1, pp.44-49,1999.

Gd203-Y203-CeOHl & Faf&eo ojMx o
HIHE SN

Microstructures and Electrical Conducting Properties of
Gd>03-Y203-CeO2 Solid Electrolyte

BRI, MEN, Y8R

(Pok-Kie Chang, Dong-Sun Shin, Yong-Mu Lim)

Abstract

In this study, microstructure and electrical conductivity of {(Gd203)o75(Y203)0z}x (CeO2)1-x(0.01<x<
0.25) was investigated as a function of composition x. GYO addition(x) increased the bulk density and
Gd20; was found to be monoclinic at x>0.15. From the change of the lattice parameter with the
addition(x), GYO solution limit for ceria was exceeded in the range of x=0.05 to 0.09. Thermal
expansion coefficient(15~17X 10%/C) of GYC samples at x=0.01 to 0.07 was higher in value than that
of 8YSZ(10.8x10%/C). The electrical conductivity of GYC samples at x=0.05 showed the
maximum(0.01S/cm) in value at 1073K which was 2 times higher than that of 8YSZ. The activation

energy for the electrical conduction was determined to be 0.60eV in the temperature range of 1073K.
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Table 1. Compositions of (GYO)x(CeO2)1-x system

Q, — 0,
CODE 75m01/oGd%83Y g?mol%)Y203 (CeO)1-x
Gdx0; Y203 CeO2
1GYC 3.10wt% |  0.64wt% 96.25wt%
3GYC 8.99 1.87 89.14
5GYC 14.48 3.01 82,51
7GYC 19.62 4.07 76.31
9GYC 24.44 5.07 70.49
15GYC | 37.25 7.73 55.02
25GYC | 54.33 11.28 34.39
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Fig. 1. Composition dependence of bulk density
and apparent porosity for (GYOx
(CeOr)1-x sintered at 1600°C for Shrs.
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Fig. 2. Composition dependence of XRD patterns
for (GYO)«(CeOz)i1-x sintered at 16007C

for Shrs.
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Fig. 3. Composition dependence of lattice para-
meters for (GYO)(CeOq)i-x sintered at
1600°C for 5Shrs.
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Fig. 4. TMA data of (GYO)«(CeO2)1-x (x=0.01~
0.07) sintered at 1600C for 5Shrs.
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Fig. 5. SEM images of (GYO)x(CeO2)i-x.
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Fig. 7. Electrical conductivities as a function of
composition of (GYO)x(CeOz)1-x measured
at 350C in air.

o thgd 2o AES AU
GYO A7+, xol wet ByuEs g2 F7heh
gon x=015 o] #7HA GAA S GdOs7t HE

A,

g xo wE A4S WHIE R
A RE CeOol e GYOY &A= 717
T2 AALTE HY x=009~015 99UdL & 5
AN}, x=001~0.07¢) GYC AlHe dAZAFE
8YSZ9 R(108x10°%/C)vtt & 15~17x10%/C
B 9ol et EF x=005¢0 GYC 714 ¥ A7
AEEE Q3 1073KoA e ANAEEE 8YSZ
o) 2uje] 3= 001S/cmelgom AEo) o @
A3l E 0.60eVRTE Wk x=0.0520 GYCS
A 800C AEE @& 2noxe mAgAsA
Z2AM9 &g g

References

1. G. Stochniol, A. Gupta "Lao7sSro2MnosCo0103 as
cathode material for SOFC”, Electrochemical
Proceedings Volume 97-18, pp 888-896.

2. S.Murakami, Y.Miyake, Y.Akiyama, N.Ishida,



T.Saito, and Furukawa, “A study
composite anode of solid oxide fuel cells;,
pp.187-90 in Proceedings of the International
Symposium on Solid Oxide Fuel Cells. Edited
by O.Yamamoto, M.Dokiya, and H.Tagawa,
Science House, Tokyo, Japan, 1990.

. K. Tomida, T. Namikawa and Y. Yamazaki,
"Tensile test of corrugated 8YSZ thin films
for SOFC,” DENKI KAGAKU, 62(11),
1043-1047 (1994).

. N. Tomita, T. Namikawa and Y. Yamazaki, "A
flexible alloy-wire interconnection for planar
SOFC cathode,” DENKI KAGAKU, 62(7),
638-639 (1994).

. R. Okuyama and E. Nomura, "Preparation of
SOFC by MSC (Multi-layer slurry
casting)process,” DENKI KAGAKU, 61(3),
331-336 (1993).

. Kegin Huang, Man Feng, "Bi203-Y:0:-CeO:
solid solution oxide-ion electrolyte”, Solid
State Ionics, 89 (1996), 17-24.

. FPF. van Berkel, GM. Christie, FH van
Heuveln and JP.P. Huijsmans, "Electrolytes
for low temperature solid oxide fuel cells”,
Proc. 4th Int'l symp. on Solid Oxide Fuel
Cell, The Electrochem. Soc., 1062-1071 (1995).
. M. Goedickemeier, K. Sasaki and L.J. Gauckler,
"Current-Voltage Characteristics of Fuel Cells
with Ceria-Based Electrolytes”, Proc. 4th Int’'l
symp. on Solid Oxide Fuel Cells, The
Electrochem. Soc., 1072-1081 (1995).

on

49

A7 AR A &8I =E 3 Vol.12, Nol, Jannuary 199.

9. JM. Ralph and J.A. Kilner, "Grain boundary

10.

11.

12.

13.

14.

15.

16.

conductivity enhancement in Ceria-Gadolinia
Solid Solutions”, Proc. 5th Int’l symp. on
Solid Oxide Fuel Cells, Electrochemical
Proceedings Volume 97-40., 1021-1030 (1997).
K. Huang, M. Feng, and J.B. Goodenough,
"Bi203-Y203-CeO2 Solid Solution Oxide-ion
Electrolyte”, Solid State Ionics, Vol. 89, pp.
17-24, 1996.

R. Manner, E. Ivers-Tiffee, and W. Wersing,
“"Commission of The European Communites,
Luxembourg”, 1991, p. 715.

A. Ovenston, "Effect of Atomosphere on the
Electrical Properties of Polycrystalline
Yttria-Stabilized Zirconia”, Solid State Ionics,
58, 221-222 (1992).

T.K. Kand, T. Nagasaki, N. Igawa, LH. Kuk
and H. Ohno, "Electrical Properties of Cubic,
Stabilized, Single ZrO;-Cd,O3 Crystals”, J.
Am. Cerm. Soc. 75(8), 2297-2299 (1992).

R. N. Blumenthal, F.S. Brugner and JE.
Garnier, "The Electrical Conductivity of
Ca0-Doped Nonstoichiometric Cerium Dioxide
from 700C to 1500C", J. Electrochem. Soc.,
120, 1230 - 1237 (1973).

H.L. Tuller and A.S. Nowick, “Doped Ceria as
a Solid Oxide Electrolyte”, J. Electrochem.
Soc., 122, 255 - 259 (1975).

S.R.De Groot, "Thermodynamic of irreversible
process”, in selected topics in modern physics,
J. De Boer, H. Brinkman, and HB.G. Casimer
Eds., North~Holland Pub., New York, 1952, 5.



