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Abstract Composites of gadolinium-doped ceria/magnesia(CGO/MgO) were synthesized and characterized for
the electrolytes of intermediate temperature solid oxide fuel cells. XRD and SEM results revealed that
composite electrolytes consisted of their own phases after sintering at 1400°C without noticeable solid solution
of Mg into CGO. As the MgO content increased, the total electrical conductivity decreased, which might be
attributed to the decrease of grain boundary conductivity, possibly due to the lowering of the continuity of the
CGO grains and blocking effects of the insulating MgO phase. The space charge effect may not be a significant
factor to affect the electrical conductivity of the CGO/MgO composites.
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Fig. 1. SEM photographs for the surface of the CGO electrolyte (a, ¢) and 10 wt.% MgO added CGO composite electrolyte (b,

d) sintered at 1200°C and 1400°C, respectively.
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Fig. 2. XRD patterns of CGO and CGO/MgO composite elec-
trolytes sintered at 1400°C for 4 h in air.
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Fig. 3. Impedance spectra of (a) 2 wt.% MgO added CGO
composite electrolyte at different measuring temperature, (b)
CGO and CGO/MgO composite electrolytes measured at 400°C
in air.
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Fig. 4. Temperature dependence of the total electrical conduc-
tivity for CGO and CGO/MgO composite electrolytes.
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Fig. 5. Activation energy (Ea) of the CGO/MgO composite
electrolytes depending on MgO content.
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Fig. 6. Total electrical conductivity comparison of CGO and
CGO/MgO composites measured at 400, 500, and 600°C .

Fig. 4= 77ke] 243 2xolA ] F43 o)
ZHEYS o]gsto] A o] AERE Artste]
g Atolrt. F7] Tl Z7go] o] Fo 7] Wzl
Aol o 7] e FAE 5 lene A J%
Ares A7 o3k o] 28] o] 27k o]
=eha @ ¢ lnh 7] A7) AR A Z-plot
J9E o] &3 fittingS 2 EEFsIA o™ HA A A4
= XA OR tslo] o] Ak ks Altsisith
MgO H7Fgol webr o] Arrrh vigdes a

2o KTt
W X2 >

f



474 %253k - P. Muralidharan - 11=73

9 Fig. 39 Iy
¥ npe} o] ARFYA Age] Sl
Alg®E T E=3F MgO A7t %71 10

A% Log o vs. 10%T 28 =]
71&717F S7veke s BolFeH ols 43 ouvA
(Ea)] 7 olvIdth(Fig. 5). ©le A48t oluAe] 5
7b A= MgO7F 2wt% H7HA A Z7kehrh 10%
old F7F Al A Fkele RS HoF=H o= MgO
A7vgo] A& AL CGO 2AY 74 A4 o ]%(02—)
olFo] WalE e AL u|dt Fig 6= MgO #
7V WE o] ALELEE 400, 500, 600°ColA B
Aot MgO H7bge] F7Hd 45 ol Axwrt 4
Aoz HAaEE AES BATh AA oA o]
Axrrt F7kshes d2de] #2EA] =t o= MgO
A7t W& CGOMgO AHelA 2] F7hdst aatol ot
ol HMEE Ws} die] A ¢gom 238 MgO 4
AR o] CGO AR AT AEARE B 9T 31

] )

IN
N
rh

AFdA = CGoel A4 S NAdstaxt

%kf& Fe] MgOE H7tste] H3A Asds A sk
A714 545 AT vAl Fxe 4 24
CGO/MgO H&A dafjde] 49 CGO A3 H%loﬂ H]
AsE o CGOSF MO 435wk
s

i,

rlrrr 1 X oto ox M & & E

Moz PYRS FAT 5 UYLk Y~

¥ %
£8 ol AEE 24 A% Mo d7lel we} 2
q S o2 2l8) A ol

I‘Z‘L o}.i A\
M1 o o

oy 7
)
ol
ol
)
o|N
N

Adte A HFT F AU
HE CGOMgO Ao A A oP

E

w ATE = g A% AR FH A7 A9 A

% (MOEHRD) (KRF-2005-005-J09701)2] A1 ko
FEAeH, ool TA=HUT

N —

11.

12.

13.
14.

15.

16.

17.
18.

3

ik

i

B. C. H. Steele, Nature, 414, 345 (2001).

M. Mogensen, N. M. Sammes and G. A. Tompsett, Solid
State Ionics, 129, 63 (2000).

H. Inaba, H. Tagawa, Solid State Ionics, 83, 1 (1996).
D. P. Fagg, V. V. Kharton and J. R. Frade, J. Electroceram.
Soc., 9, 199 (2002).

J. C. Abrantes, D. Perez-Coll, P. Nunez and J. Frade,
Electrochim. Acta, 48, 2761 (2003).

S. Luebke and H. D. Wiemhoefer, Solid State Ionics, 117,
229 (1999).

L. M. Navarro, F. M. B. Marques, J. R. Frade, J. Elec-
trochem. Soc. 144, 267 (1997).

S. H. Park and H. I. Yoo, Solid State Ionics, 176, 1485
(2005).

B. Zhu, J. Power Sources, 93, 82 (2001).

B. Zhu, X. T. Yang, J. Xu, Z. G. Zhu, S. J. Ji, M. T. Sun
and J. C. Sun, J. Power Sources, 118, 47 (2003).

J. B. Huang, L. Z. Yang, R. F. Gao, Z. Q. Mao and C.
Wang, Electrochem. Commun., 8, 785 (20006).

J. Huang, Z. Mao, Z. Liu and C. Wang, Electrochem.
Commun., 9, 2601 (2007).

B. Zhu, J. Power Sources, 93, 82 (2001).

B. Zhu, X. T. Yang, J. Xu, Z. G. Zhu, S. J. Ji, M. T. Sun,
J. C. Sun, J. Power Sources, 118, 47 (2003).

J. B. Huang, L. Z. Yang, R. F. Gao, Z. Q. Mao, C. Wang,
Electrochem. Commun., 8, 785 (2006).

R. Chockalingam, V. R. W. Amarakoon and H. Giesche,
Europ. Ceram. Soc., 28, 959 (2008).

J. Maier, Solid State lonics, 23, 59 (1987).

S. Kim, J. Fleig and J. Maier, Phys. Chem., 5, 2268
(2003).



