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Abstract

Sintering behavior and electrical properties of CeO: system were investigated as a function of the

amount of Gd»O3; and Sm:0z addition. Doped CeO: consisted of a homogeneous solid solution of the

cubic fluorite structure within the amount of addition from 0 mol% to 15 mol%. Grain growth rate of

GdoOs-doped CeO» was much smaller than that of pure CeO», while densification rate was considerably

larger. Thus doped CeO: showed a higher density than pure CeOs.

Cel «SmO) <2 was increased up to X =

The electrical conductivity of

0.2. However, with further increasing dopant concentrations,

the magnitude of the conductivity was found to decrease remarkably. The ionic conductivity value
obtained at 700°C for 10 mol% SmxOs-doped CeO: electrolyte was 46X107° S - cm™.

Key Words :

2 :
& AT olRolXT ek B3 ARHA Fopo|
olME Y05 HYB 210, olelel T BAE
27 s =yol wol olF4Hm gk @717
540l Z0ARTE B Hold Ang AYsh
J9 ARAA) AFLET wE 4+ UA H7)

S5 CeO 7

Wrolth olo] H7WESAol

TARN AR F2S v 3
NG TEE HA, T o] AR

Al ole @ Ataol

Ol ZHEEE CetAale] A

A

Fax : 051 622 8452

Corresponding Author :
wi o Habej Al Al w gy
7OO3L4 49 259 Ha, 20039
20031 6¢ 9 FHF AMAg®

leejs@star.ks.ac.kr)

=)

59 269 12k AAtekm,

979

Gd20s-doped Ce0», SmxOs-doped CeO», Sintering behavior, Electrical properties

A & 2
3 =3 CeOoill & ?i dge Ev
[1-3]e]vt S EF 4 A
o ME HEFASEQ
M wE o RARE[B-7]E Zon,
okl shelel distedm s ke A6l &
@A ok 23y CeOol M e GdOs B SmOs
Zbebigtel] ubg 4Rzl didte] AFHoRE A
TEH RiE ¥EE gtk

ojo] £ 04‘_1“’1]"1" Gdx0:29F Sm039] %
HEl Al A oxalateZ AT dutFz Ao
T ouAg FEg Azstn, 1 2Eg A
il o] H7takel w2
%

deke] zAte

a0 3 =
%S A # t&ko

th

X 7} ek

1o o

ML o
of
N9 ok o

X
N

L
&5
22E4 9 A

Baz g

o
2T AAER
ZEge

2. ME

i

Gdx0s~doped CeQ: 422 A2} SmuOs—doped CeO:

*—t‘l

2248 Azsy) A8 $4 FPWer U=
A% wAsy Qe FAY slEgde Axs



J. of KIEEME(in Korean), Vol. 16, No. 11, November 2003.

o}

EUdERE 3859 Ce(NOws - 6HO % (Acros
Al &% 995%), GAINOs): - 6H.0 2% (Aldrich
Al 5 99.9%), Sm(NOs)s - 6H:0 &% (Aldrich
Al £ 5 99.9%)2 CeixGdiOz v Cer-xSmxOz-y2
(x =0, 01, 015, 0.2, 025, 03)9 =4 HEE
22t Al Huwe FRed mwekd A9

7]
ol E3F T FHAFEASE GdOs7 9

% %
Sole (NHy)COs - HO 9 (Junseirl, %
995%) FENE Argste pH 622 RFAA F
7}} )\] A3, SmuO; Ael A —roﬂ NH:OHEZ }‘}% 0}

o pH 10854 AR ) Wl AHol

SAH $om 2A7bolAd wwkete] &3 Mol
o|FolAEE sttt

FHEL #E A9 EYelrE AAE
Exoz E=2 A W AHsL, A FHTFEE
AAs7] 93] oergE A H AHAAY, o] u
A H7] otolA BEUS o AEAAIFIHEA
AHe Hatgdn, dxen AHE o= wuk7
Z Aggle) kAT EA A EAS sk 3o
WG Fa AHE Bdg U9

AzE B2 12009 dzx7ldA 10/ A&
A7 %, 2245 10T/ mno 2 £2A1# 7000
A OAZHES staAl7l & 2WAAT StAaA
goro ujAex g BFE Q0 FHE S =0
gdeonz el Hez wEv] 9F AduSIEF
o A plastic jaret A EZZU ol BE AR 244)
7 BN BAF oA AzxAHE P
o, 71% % 325 mesholdlz A 7FE39ich

oje} +o wHog AxE 10 mol% GdOs #
7b 410 H7h e AR '

mol% SmxOz %
hesl el BHE

oX,
rlo

T #A237, 10 mol% Gd:Os H7t EE
l:l

=
veo] BE 2}
799k 10 mol% Sm:0s #H7F Ewel B, 77t
vlEw Aol 150 m/gd 172 m/ge 2 AE3s AA
ZAF R, o] vEHAHGE ol&d YAE
oA Fa sty JAAVE AdEH <
29 #L713 zbzb 55 nmeF 5 nmel #HE e &
Wolgluk, L3 700TAA StaAIRIFE EHAI7IL
A3 Bure] YA 742 19 nme 7 nm
o] & zZhi= ofF mAgE oAt

A7LES BUS Gd0s H7HAe A= 2000

kg/emr 22, Smu0s F 7HA ¢ 1000 kg/em
o) d&d3giger 12 m @, 4 ma t 718 ©)
=33 AHAL vtEgdy, oAE FL5E 10

4

7:‘00“1__

980

CT/min® & 3ste] 1200~1600C 73 5A17F &b &

A3 zuste] 2AAE Azsgo

R e R‘ib}l 7D 2AA L AR R AL
7 AAE sl XRDEA (Rigaku Co., D/MAX I
A)S FFYk CuKa (A = 15405A)& X-ray¥d
o7 3z, NiZeE A3l 20 = 20 ~ 100°
of Wl EHstgrt.

XRD4 ¥ 4 =<l _‘_ﬂLA ‘?4‘]—r9} (hk)@ e} ™

Ao ARG aF

2A9EE 2ZAES 120T9 F71FAA
AN F AZREAW)E GI, ZHF FollA
A7 Folxr AL7tA Wz 3 RGEA(WNE

Wi
Da_ Wl_ Wz (2)
= ogfdee S0} oRYre] WRge
AzEdEd, oBYUEE XRDAFA Ao
AAAEE AR goleFETRel HEAA

Al RS A A
2 SEMo.® #Esgch £ Fuwel WiE
@37 flste] AWE A7 BheHY T WA

7] (Conrad Co., WOCO 50)2 tlaZAAHE Al
a(Ql ZAEqtuweh e duelgdct dHekd g

& U4 Aul7)(Struer Co.,
Predemin-S)Z AF&3to] dnutdtdet. o] W SiC
oJubx] grit #400, #600, #3800, #1000¢] o2 Hwu}

. .
AL R F

s 5 oA 6 pm, 1 me) diamond paste® ©] &8¢
of AHon dufstsdct 7t dAntkA7E £ et
g 2gaA N2 Adstn 4d BFHdE A
me] ol EHS AAYN F FEFHAVH 2L scratch
AeZ s g aAR Jgsact dnqt
3z AlHe 7 2FAERE Bu [00CAHE o
2 2xofA 30:‘2‘1 o Fst et Aol A AA
£ Au ZEHAHE Feol SEM  Hitachi Co.,
$-2400& Ahgetel vl M TEE WAL



zAbato] 93
EDX (Energy
Dispersive X-ray Spectroscopy, Kevex Co.,
MS 3E o] $3) 4 a5
ANdERE
Agoz Zqsdn. =48
#400, #600, #800, #1000 +=9¢] SiC
%6 mm, 1 ym® diamond paste® ©
o2 © Jdutstdnt dEHge ZWed 4
guide ringS AH&3}e] Pt sputter coatin
o]l A1 Pt paste® 3 F 1000ClA 10

23kl

Sigma

G ELH A O
oW =E

B Qv s

Jl

=
=

W F 4
—!f]——

Gain-Phase  Analyzer (Hewlett Packard Co.,
HP4194A)E A}8-3t1ed, 100 Hz ~ 40 MHz9
Fatr oA ZHsArt

A7) A =E = Cole-Cole plot[10]el A T3 grain
o] A3z (RL)F grain boundary® #33HRam)E

0% Aol sl 7o
6= }?g L 3)
Ogp= ngb% (4)
0= Rgi R % ()

714 o5 grain® WVAETEE, sue grain
boundary® AV|ALEEZE, o5 dAe A7ALT
ZE, Ave A=y ¥HE ~aAHY =

2 pEhar,

h
rlo
o

3.2 ¥ n&

A3t CegsSmo: vOm Al

RDE4ESE depat @ 29 29
Cel-xGdxOq- \”9} Cei-x5Smy0s- \/”]
7= XRD ~"9E-H S S ebig,

GOt SmeOs8E #H7FsE ZH 9 o 13 7

F

981

A7) WA 2 5

2], Vol. 16, No. 11, November 2003.

INTENSITY

(i

(200) (311

(400

2 N 1 N !

3ldg20) 422) (S11)

a1
Fig. 1

40 60 80
26

. CeosSmo2019 At 229 XRDHAE.
. X-ray diffraction pattern of CepsSmo2O1s

ceramics.

100

Intensity

x=0.3 M
WM\«,»WW Mw
x=0.25 M
WA AAMAN AN

VH,-N,«

x=02 A
At A A vt

x=0.15 g
AN AP\l el mre R ge gttt
x=0.1 Pl
wwM’\\#‘/y%*nsf—w‘r

x=0 v’ﬁ "
R s o ras et

79

ad 2

Fig. 2.

o] cubic fluorite typed] T&

g AT ¢

!

Z 7}

L LN AN i M M W ey

80 & 82 8w 85 8 8T 8 8 9

20

Cel -dexOZ-x/Q kﬂ Fﬂ"ll Z\—Ql
B

12t% XRDd

High-angle X-ray diffraction patterns of

Cei-xGdxO2-v» ceramics.

NS AR

o] 0] %) 31

07 29 a9 394 Ay Ew
92} B 2Aee) 5ar A7w

7 3
5&0
zog

A7t F FYHAE
A7hge) F7bo) we
a9l oS Aot CeOs At A FAb
oF wol AFmFo] B
o gloldl 2= 9l

3

-

sehe AbA

Hae

!

&

P

T

L

:_
-



J. of KIEEME(in Korean), Vol. 16, No. 11, November 2003.
AL & 5 Qe ol GdPol &9 of
270,105 nm)® Sm™elel o] 27 (0.109
nm)e] Ce''e] o] €¥4(0.097 nm) Bt 27| W&
of Gd”'i o] 27 Sm™ol o] 747} Ce'lol 2 atE] & 3

# ol %3

FagEEA dojd Az Ao k. o2yt
3ol 2 Jeond ABe A4LFY FAE
< ZAog oyEe, od A&ste AAt 1Y
4o YEbdTh Smy0s0l H7bEe] S7HETE At
Hagrel 2718 2 4w, ol e Avke
Gd:039) 7 [11]1o]1 %= vpEfRET}
X=03
X=0.25
> X=0.2
&
%)
% X=0.15
[_.4
&
X=0.1
X=0
0 85 90 95 100
20
a 3. Cer SmOp e AT 20 37b: XRDYE.
Fig. 3. High-angle X-ray diffraction patterns of
Cer-xSmyOs x2 ceramics.
584
< ]
% 56 .
8 54
E '
3
524
> 5 0 5 2 » »
S0, mol%
ad 4. SmOs Tl upE CeOnd] ARMES )

Fig. 4. Lattice constant as a function of SmuOs

content.

982

oo} e bk wE AXAALFE] Wk
Arai 5(23,5,6,12,13]¢] E'._Loﬂ}\ivl— %ol Yel 9k
=, SmOs F7hel H[56] 40 mol% SmO; 57}
2] x| ghol| wel A7 Frbechrl L o] R R
He ¥ ]“ A8E LT

oAy £ 30 mol% SmO.:7HA ZAH g 2
Iz o HH”}X]E A% Z71gE Roli Qlth
Sol-gel® ez A2 Ceor-SmOoyn (x = 0 ~
0.3) Atztgo zghe] & Az YL E
& Huang S[14]9] AdANME FAS 2
o) wmet 7t F SEFHIIAY Hrbarel
CeOy mE&A9] Ak Wzl o
Hong# Vikar[15]efl &8l ®= B a1 vk

a3 5% AHIE GdOs7F 27F Tk CeOwol
A AFaEEA=7HE Gt Y8l &5 CeO:
9} 10 mol% Gd:0s-doped CeOnZ A#Hy #2&
7FA I 1500°C el A 5AI L AZ A7l AAA Y WP
SEMAMR# 7 WF& AEE A5 vERd
t},

Wz EDX 24%E A¥H i, (a) £4 CeO:AlH
AME Ceot 09 ARkl #EHI, (b) 10
mol% GdOs—doped CeQ: Ao A= Ce, 09¢ 9

2=
A

1%
e

9 A Gde JAaxE dEmeE AL g
UAt o] A}E @ BEVHSE scandt] @& 7
Fol A vk, HAE scanstH L woln Ao Mg
E dol, AHHEA HIMAZE FAESH
A 5 Y vl A

XFSe Z#o] da¥ Aot}
Smu0a7Fe] Aol

&gk 18 52] SEMAIE S A8 E®, 10 mol%
GdvOs-doped CeOgt’ T4 CeOuoll W8] Fd o
o1 ;q_o] A APo] z % o 4 qltt CeOuAl A A

, 949 2] M‘1H
0 mol% Gd»O; doped CeOr=
e ANUEE A9, o= Gd' ol Ceb
g WE71F A A 7odetsE A4
doz 8 NEEE o JYPAH 5 2
041:—] 7-!0*J A(Eﬂ-g]o{ 7‘<_]|;]_
Ab4A Tnaba $(16)3% Kim and Kuk[17]¢] &=+
A E GdoOs-doped CeOw7t 4 CeOQuEth YAHA

ol ¥m Adsl 29e nada 9



7] A 242 & 83 =%, Vol. 16, No. 11, November 2003.

dLaz
eLb
dLal
GdLb1
i Lbz
.

ot |
50 70 90

VY

a8 5 (a) CeO9} (b) 10 mol% Gd:Os-doped Ce0:2] SEM A3 EDX ~#HEH,
Fig. 5. SEM micrograph and EDX spectrum of (a) pure CeO:z and (b) 10 mol?s Gd:Os—doped CeQO-.

Doped Ce0:9] & AAA A E2 space charged
ol 7] 3k solute dragi ol s Ao A
T+ < g doped Ce0:8 &2 A&

-
\

o AUTh = E=
Adslel &&o] dae FitelEle AMEE 9y
tet Doped Ce0:9] A4, Abae] gile] #HZ A
oli, Akie] Fite] F4E Ry Fe FFHo] W

APelo] APaE et &5 CeOrh w27
H Zoltk. & CeOpoll GA:03E #H7MAIZIH 2] ¥ 3}
b & doluAl Ha JAdEe AAANA =F
CeOit A o2 22 AULEHES dg +

2%
HF2 2 SmoOz-doped CeO:A2] SmeO3 # 7}
of W& HrIHdEEAY WslE A4HEV|RE 3}
2% 62 20 mol% SmOi; H7MANHEHE 7lA
500Co Al F2edxH oz 24 Hihduuds
2HEHE YeRdTh o9t 22 Cole-Cole plotd]
Al AE AE (2 FIF B3 graing A
RS, THAY WNA(AHFI4 HEF)L grain
boundary 2] A 8H(Rg,)& ERAC
ol9} Z& ~HEROZRE F
(3), (4), B)E AF&3} grain

A7ldes, aga A1A AZdsER

Lo
| =S W
H,

boundary 2}

Fakgih.

il

983

600
CeysSmg,0,
T=500°C
. TMH,
o, 400 1001, — m
2 |
N e T "
./ k-\l | 't
2009 " 9Kl
/l/ \-. l f
| |
LTIV V
oo
02 04 086 08 10 12 1.4 16
K]
23 6. CeosSme201s At 2ol EAJdAd A
EOCEL
Fig. 6. Typical complex impedance diagram of

CensSmo2019 ceramics.

a9 7, 2" 8 29 9% A A7AEE, grain
A7| AE%E, grain boundary H7|HWEES 2% 9
E4 € JeENY 2571 45 g AvidEs
9] F717F Ho3xm, 400°CeF T00TA el A4 Arrhenius

plot ©2RE) Moldo] Was A ghth oL



J. of KIEEME(in Korean), Vol. 16, No. 11, November 2003.

Aol HEAY EHoR HATF olFw=vL
a2olM #FA 3R o] exponentialdt Al & EZ 7} 0
wet SvisteE & wddn vk Grain

grain 7| =%, A A7
X7t Folrle AL A%
L

cm "]

< grain®} grain boundary
g Aot

-1

A
Aol A Al e 7
of dal Z2 ghe o

logo @

‘cm"]

10/TKY

logo [

a3 9. Cei-SmyOs-vo2 A zpE 2 9 grain
boundary A71AEEe 2T oj&A4,

Fig. 9. Temperature dependence of grain

boundary conductivity.

0TK'
K1 30
/./.
a8 7. CerSmQOsyn Al zol AA A7|HE a5+ e \
. s
To 2EoEAl. / R
] © T 40 ’ '\
Fig. 7. Temperature dependence of total conduc— g . ® 8
tivity. - 45l

S0, i

a8 10, 400CoA9) SOy kol w& grain,
grain boundary, A& A7|AEZx9 W3
Fig. 10. Sm-QOs concentration dependence of grain,
grain boundary and total conductivity at

£ eEeEy,

4007C.
107K
EH, Smsel Azl wE Arldmwe ws
28 8. CerSmOrwe ME™ 28 grain A7 A% g duRE wvkdd e dridematel Aol
7 wol Y1 gJ&S o4 4 A 20 mol% SmOl5
]

PA
A7} AlfHo] 7L F

o

=2
i . 52 AVAZZFGES 7
Fig. 8. Temperature dependence of grain conduc- . - ] Ho 5
3], &4 CeOyyro &

it 8 AHET SmOyi ol

984



00
05
104 : }
~— - 0 o
g 15 ° . /\.m_
: — 8 : '
- 204 / g .
=, . -
E) 7 0 Ve o gb
304 / total
o
354
T T T ¥ T T T
0 5 10 15 20 % 0
S ot
o 11 700CAAMe SmeOs kol W& grain,
grain boundary, AA] A7|AEze] A3}
Fig. 11. SmuO; concentration dependence of grain,

grain boundary and total conductivity at
700°C.

s AN AEE

sich e 20

mol% SmOi; /HHE WolA REE @we FF
o] wololy Bdu HYAHAEEV #FihEs o

ot

F g, ol A= B

= blocking
T8 o3 HmEe] A

T 1 =
T dE FHoloh FFO] AFER oFHo T2
22 % HungAdAE olew xR 4 A
B8+ oy, He @ abrngAddt 2%
GEAgel ol FFEel YAAE FHT Aol
2, 29 me FFe Fusb gasiel Azhel
Z7hgl wet AEEs 4ad glo] «4Hc)
a2 =4

)
2
sl
H
o
w
3
@
EJ_L

| & LhERTE, 400°C
BoE 700CoAA ARmrt woo 700Ce 2 $-7}
A "7l d=%o W3 grain boundary®l 7]oim
7F 400C Kt E& YeRdE ol& Arrhenius plot2.
2 B 73 gAdgeuAghe wiael A grain
boundary®] &g steffi#]gte] grainel &4 L
Agkack & A3 2EgEo 20 mol% SmOis
A 7HA] grain®] #7d #oll vl A= 83.17 k]/mole] 9 1z,
grain boundary ] A3l 2= 118 kJ/mole]
v} 3 "AIFOE 20 mol% SmOi; HIFAl 7FE

985

A7) A7 7 o

i

F-%], Vol. 16, No. 11, November 2003.

Ael, 700T

o
A=

»

-cm’' ¢

42 XRDAFAA Y 4%
ael3 EDX2 @A F-9
23, M7y AdgdHedx = 0
cubic fluorite type®} T-&A7 2 A
Hol dokE AHE #308 # AAh

2. GduOs~doped CeOu &= CeOuoll Mla] 4 o)
Ao JAdFgo] o, LFLHEr we
AU eR 2 AudEgts el

3. SmyOs—doped CeOQ:A19] SmuOsH 7)ol w2 A
NHAEEL A sl A= 10 mol% SmQsF el A 7}
T 2 ANHEZGS JERW e, 700CN A 46
X107 S em'9) e ERCH

!

o

)

Mo
rak

[1]1 R. T. Dirstine, R. N. Blumenthal, and T. F.
Kuech, "Tonic conductivity of calcia, yttria,
and rare earth-doped cerium dioxide", J.
Electrochem. Soc., Vol. 126, p. 264, 1979.

[2] H. Yahiro, K. Eguchi, and H. Arai, "lonic
conduction and microstructure of the ceria—~
strontia system”, Solid State Ionics, Vol. 21,

p. 37, 1986.
[3] H. Arai, T. Kunisaki, Y. Shimizu, and T.
Seiyama, "Electrical properties of calcia-

doped ceria with oxygen ion conduction”,
Solid State Ionics, Vol. 20, p. 241, 1986.

R. Gerhardt-Anderson and A. S. Nowick,
"lonic conductivity of CeO: with trivalent
Solid State

[4]

dopants of different ionic radii”,
lonics, Vol. 5, p. 547, 1981.

H. Yahiro, Y. Eguchi, K. Eguchi, and H.
Arai, the
ceria-samarium oxide system with fluorite

15]

"Oxygen ion conductivity of



J. of KIEEME(in Korean), Vol. 16, No. 11, November 2003.

[6]

(8]

(9l

10] J. E. Bauerle,

structure”, ]. Appl. Electrochem., Vol. 18, p.
527, 1988.

K. Eguchi, T. Setoguchi, T. Inoue, and H.
Arai,
oxides and their application to solid oxide
fuel cells”, Solid State Ionics, Vol. 52, p.
165, 1992.

G. B. Balazs and R. S. Glass, "AC
impedance studies of rare earth oxide doped

"Electrical properties of ceria—based

ceria”, Solid State Ionics, Vol. 76, p. 155,
1995,

K. H. Choi, S. Y. Park, and J. S. Lee, "Fine
powder synthesis and it's sintering
characteristics of GdsOz-doped CeO: by the
coprecipitation  method”, J. of
KIEEME(in Korean), Vol. 15, p. 46, 2002.

D. W. Kim and ]. S. Lee, unpublished work.

oxalate

"Study of solid electrolyte
polarization by a complex admittance
method”, J. Phys. Chem. Solids, Vol. 30, p.
2657, 1969,

{111 S. Y. Park and J. S. Lee, unpublished work.

[12] K. Eguchi,

[13]

[14]

[15]

[16]

(17]

T. Kunisaki,
"Effect of microstructures

and H. Arai,
on the ionic
conductivity of ceria—calcia oxides”, J. Am.
Ceram. Soc., Vol. 69, p. €282, 1986.

H. Yahiro, T. Ohuchi, K. Eguchi, and H.
Arai, "Electrical properties and microstructure
in the system ceria-alkaline earth oxide”, J.
Mater. Sci.,, Vol. 23, p. 1036, 1988.

W. Huang, P. Shuk, and M. Greenblatt,
"Properties of sol-gel prepared Cei-xSmyOo-x 2
solid electrolytes”, Solid State Tonics, Vol.
100, p. 23, 1997.

S. J. Hong and A. V. Virkar, "Lattice
parameters and densities of rare-earth
oxide doped ceria electrolytes”, J. Am.

Ceram. Soc., Vol. 78, p. 433, 1995.

H. Inaba, T. Nakajima, and H. Tagawa,
"Sintering behaviors ‘of ceria and gadolinia—
doped ceria”, Solid State Ionics, Vol. 106, p.
263, 1998.

S. J. Kim and I. H. Kuk, "Characterization
for electrical properties of sintered 20 mol%

986

Gd-doped CeQ: electrolyte”, J. Kor. Ceram.
Soc., Vol. 35, p. 97, 1998.

[18] J. S. Lee, T. Matsubara, T. Sei, and T.

Tsuchiya, "Preparation and properties of
Y:03-doped ZrO: thin films by the sol-gel
process”, J. Mater. Sci., Vol. 32, p. 5249, 1997.



