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ABSTRACT

20 mol% Gd-doped CeQ, ultrafine powders, as a promising electrolyte for the low temperature sohd ox-
ide fuel cells, were synthesized with particle sizes of 15~20 nm using glvcme nitrate process (GNP}, fol-
lowed by smtering their pellets at 1500°C for various times mn air. and then the electrical properties of the
sintered pellets were investigated. The sintering hehaviors and electrical properties for the sintered 20
mal% Gd-doped CeO; pellets were analyzed using dilatometer and SEM, and AC two-lerminal unpedance
fechnique. respectively. As the heating temperatare increased, the synihesized powders had the sintering
hehaviors to show the starl of Lhe significant shrink at temperalure of about 700°C and to show the end of
the shrink at the temperature of about 1470°C. When the pellets were sintered with the various times at
1500°C, the temperature which the shrimk had been already completed, the gram sizes in Lhe sintered 20
mol% Gd-daped Ce(), pellets increased with the increase of the sintering time but themr electrical resis-
tivities showed the minimum value at the sintering time of 10h. It 15 due that the pellet sintered for 10h
had the minimum activation energy for the electrical conduction. Thus, it s thought that the decrease of
the activation energy with the mcrease of the sintering time to 10h 1s induced by the enhanced m-
crostructure hke the decrease of pore amount and the gramm growth, and its increase with Lhe sintering
times more than 10h 1s wduced by the mcrease of the amounts of the impurities such as Mg, Al, and Si
from the sintering atmosphere.
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Fig. 1. TEM photo and selected area ditfraction pattern for the 20 mol% Gd-doped Ce0Q. powders synthesized by

glycine nitrate process.
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Fig. 2. The X-ray diffraction pattern for the 20 mol%
Gd-doped Ce( powders synthesized by glycine
mirate process.
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Fig. 3. Dilatometric curve for the 20 mol% Gd-doped
Ce(, pellets after the calcmation at 650°C for 2h.
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Fig. 5. 5EM photo for pure Ce0, pellets sintered at
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Fig. 6. Complex umpedance spectra of the 20 mol%
Gd-doped CeD; pellets sintered at 1500°C for
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Fig. 7. The total resistivity of the 20 mol% Gd-doped
CeQ, pellets sintered at 1500°C for the vari-
ous times.

ERLEE

g

thiz d@S Afe AAuRgez 5190 Bi
AodA ~deEdo 2 e 28 HF HHG S
et AlHe] el van der PauwHo 2 SHT 35T
Ag Qajalgeng a2 itk 2EA3e| 2
7o) upel A7) w45 ghe] ZasitFt 10417 S5t
AAELS w FAFS Ho|3 1047E ¥ o]z
ol ohA] FrketeTh 1047 e A 22 F A A7) vlA g
2 K. Eguchi $°| 248 gk v|w@ ¢ shal o)
T, 1500°CH A 10412 AP & Al A8 AEe
300°CRr}t B e 24 fxore A Ay &
#e 2gvh v S A e HIEeY
104 7AR] 8] 24 Azbe] E7bel ot LA S| et
e Arlxde iE 7|2E9] T4, 924 w
2 oy 2 gASAe Gde) AuiA F3 2E oATF
2] el HE dofvie Fem AoEch aEuyy
AN ABPE de] Yrle] 43 ddH o= hy
Adg F7A7 2 AR HAE RS 5 A
ot 250°Cell4t EAE AAH 4 2 9 Aghe] A
Z71el &g HAAGe Toket ddlst YA A
e s A8 E0] Alet e m2dade] A S71
= njAEe) Wamle 2 AuEA] et
1500°Col A Al 2% 20 mol% Gd-doped CeQ, B A
o] zke= H7|FSl SRAERRY SdAze] ute ¥
25 AAE] 2AE] e S exd g8 drlar
(el MaRE Fig 8 Jehfaich 716 AlHd
g ArldEEe Ea Yuds A EHo R RE 7

101 —

100 B
5 109 | E
s "
=
o
% 102
|- |
b L

103 |

| sintered at 1500°C in air
104 " 1 . 1 i i N 1 1
1.0 1.2 1.4 1.6 18 2.0 22

1000/T (1/K)

Fig. 8. Temperature-dependencies of the electrical con-
ductivities of the 20 mol% Gd-doped Ce(); pel-
lets sintered at 1500°C for the various times in
air (4 2h, A 5h, ® 10h and W 90h).



20 mol% Gd-doped AF A CeO, dajalol A=

T AAA LA B+ AA ) ez 7
# 3otk A ZHee Pl 2o G4 g
o T2l Ad3 oz ¥gE o 5 vt Doped CeO, Al
22 &7 FoA 43 jonic conductor =47 23k
o gA Un Y Fig, 89 29l AN AFTA] e
Zo| #8 5= & el Arrhenius equation,

a- T ~cxp(— Q/RT)

2] AAAE MEIRE Y0, doped Zr0," Gd,0,
doped Zr0,™ A% A7 |Ax7} F2 ol LAY 23
AdE & ¢ Ao o7lelA] o ArjAxe, T A
25, QE @48 A, 28l RE 78t &
Lo g gt o TY #1-2717F 10417F A28 A
Hel HLE JePHE R o] AlHe| thg AT Hls] A
ZQATFIAA 71 B olE HAERE = A
AR lATE 943 71 Fe &3} A E Al 8
71 gl ez gzg 4 oy

AR Hr|A=EE gl 2 glAlelde] ArAx
S0 o8 kg Wt AR HEE dE &
Al 27} 104 7] AB AT A FH gkl 2te o) %2
ZA1E] 28 < 2Fe2medM 20mol% Gd-doped
Ce0, 22447 Jehll= €] 2 ¢3lg] drlasez
HH 7 24 g R]=Z Fig. 9¢] VeI 7]
Az HolA ghokAlt fitie] e wd A A g
A% =2 ehle o CeO,e LA 2] #AR

110 — e —

1.05}  sintered at 15000C in ar -

-
[=]
[=]
T
[m]
i 1

A A B

Ny —
g—10 Su J
o~ O o

Activation Energy (eV)
(=] =3
8 8

a
o
(5]
1

L i
0.80 — PR | . PP | .

101 102 103 104
Sintering Time (min.)

Fig. 9. The activation energies from the temperature-
dependencies of total conductivity (). grain
interior conductivily (C), and grain boundary
conductivily (A) for the 20 mol% Gd-doped
Ce0, pellets sintered at 1500°C for the vari-
ous times.

dm

Al B 103

o] YAk el 2] Frxo izl B3 qUAE A
l0eVE 4T T Holz AL Belsided o] &
2w Ce0o A 434 o]22] Fribol] H.8 3 At A]¢]
1.0 eV Y30} 2 malA, Gd-doped CeO, 224
9 PuljellMg] ArlHss i)l o|Fd g3
ofd Felebs 4E& ¢ 4 30} 20mol% Gd-doped
Cel, 2Z A= Gdo| Azl g8 £ Ce0,BT} g2
FaFFe] FAEUA 2 g el BA48dd=)s)
loeVE Bold&E & 4 30d. 20 mol% Gd-dop-
ed Ce0, 2ZA A el AN Ar|A =R
g A3 gx )= Aol Dol me} 2is)
HA 104 7hellA HAghe Hongzt oA 2 olide] &
EAeliA Al Frbeta vk uhehd, A A2
g gt 4] gho] 1500°C, 104]17H2) & F34
A S 29 AL sh 2 gAML dArldee
of tgh dstelida) o] o] el Y B S
887 o] Folgich

Hd, 2AAMTE Frbd 2ls) YAkt gaaoid o

Ael Bgol astoz JUAGHEE S7sn 9A

1041 e A #agE Hele 318 Fldch ®3,
AFA R gk EAslelx] el Wglx 5 g2 #4
= Bch o], drldse) o @43euR] e 4
g9 oAl ek ohet A 8e] el 2l o
e 2o @ flo) Hud uidt YURAL 918 7 A
A GRS Bl Fig 109] Z%15} Fig 108 1500
‘Col M 10417H 9041 3F Bek £F & 20 mol% Gd-dop-
ed CeQ, pellets& EHHAvE 3t £ EDS #4845 3 2
olth A7]e]A Aus PlAl P dEE 98 SEM =2
HEoF AbEE Aojch o) Azl FaA IR E F4
(scan)sted L& BFHo|A g YAXEC} g Ee
ek BAEAE A vlRadnt 1043 239 AjE
= EeES0] B GAERN Akt 9047 AF g
A el ME Ce, Gd, 0ol 2 Mg, Al, 18k 22 B2
20| =D gk o] BEEEE Ce(hd
sdze YaEay deg
CeQ, 7183} 8o BD & AlE3=
A v AT o Bel dEEs AL dedyh
gk 20} Ajaie] vhgd s gelds) s
AAZDE HIEANAEY Fig. 11(A)E 20 mal% Gd-
[=]

LF0A L] Wb -2 Abgse 1500°CI A 10413t
2ok 249 7503, Fig. 11(B)= Ced, 73S A
AT Aie) B2 AYAE WX g 1500°C
A 90K B AZF A5 P SEM Arze|t)

# 359 A 1&E(1998)



(B)

Fig. 10. EDS spectra for the 20 mol% Gd-doped Ce(:;
pellets sintered at 1500°C far (A) 10h and (B)
90h in air.
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Fig. 11. SEM photos for the 20 mol¢ Gd-doped CeO,
pellets sintered al 1500°C 1 air with not cov-
ermng them using extra Ce(Q, powders (A)
for 10h on the alumina-based refractory sub-
strate and (B) for 90h on the sintered Ce(),
substrate.
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Table 1. The Activation Energies far the Grain Interior and Grain Boundary Electrical Conductivities of the 20
mol% Gd-doped Ce(, Pellets Sintered at 1500°C for 10h and 90h n Aw

Sintered at 1500°C for 10h

Smtered at 1500°C for 90h

Grain inierior

Grain mterior

Grain boundary

Grain houndary

Protected
Not protected

(.897 eV
0.900 eV

0.946 eV
0.996 eV

0.928 eV
0.524 eV

0.970 eV
1.052 eV
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20 nme| wAE Y2=Z7E Zhs T ELL 7007l A
K] 21] gl= 555 Aabele] 1470°C 224 Ax 7
FEo] Tuta o ibe] 2ueae Arte) o) A&
AT 2RI FEo] ofv] ﬂ”‘} 1500°Cel| ] -f-=]
ATE HERAA7I AlEE EEEE o AF A
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