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Effects of the Transition Metal Oxides Substituted for Mg on the Electrical
Conductivity of LaosSro2GaosMgo203-s—based Electrolytes
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Abstract

LagsSro2GacsMgo203-s-based solid electrolytes in which Mg site was partially substituted by Fe, Co

or Ni (0.05 0.1, 0.15 at.%) were fabricated by conventional solid-state reaction and their sintered

densities were above 94%

of theoretical density. X-ray diffraction analysis and microstructure

observation for the sintered specimens were performed. The ac complex impedance were measured at
400C to 1000C in air and fitted with a Solatron ZView program. The electrical conductivity of
LaosSro2GaosMgo20s-s-based solid electrolytes substituted by Fe, Co or Ni was higher than that of pure
LaosSrozGaosMgoz0s-5. The electrical conductivity of LagsSro:GaosMgonsNieisOs-s electrolyte was 3.4x107
Scm™! at 800°C and the highest value of the whole electrolytes.

Key Words :

.M &

2AXNEE A5 HA(Solid Oxide Fuel Cell,
SOFC)v= @871A7F 25l e FEdux g A
71geargol g Ay WrldVAR "BA7|=
oluA g olH{1] w3 g4 HHolx 1
TEHE ZHe AR dAdYANER A= AF
7} #urs] ol Rojxa e Hopolt2]. ojE g
SOFCY AdARE 4iole ALA2ZH olEg
o} ot 3l AT FUYHYSZ)S ZL TANIES

o HEE B gHeEe
dated The THase] Adol ARHD, AL F
o Aol Asd + 7] W) nrh R 2%

1. MEAEHED MLAMT
(MeA steT ds3 90

a. Corresponding Author : ksyco@uos.ac.kr

LR 0 2005, 1. 21

1xb A AL 2 2005, 3. 14

AMAtet2 1 2005, 3. 16

330

LaGaOs, LagsSro2GansMgo203-5, Solid electrolyte, Electrical conductivity

(800

L=
EE

Tolghol A 253ty FE3 E2 A7AE
713 HNte]l dg st
YSZ ol9e] AM=2E nAAfAdZA LaGaOs7
341, GdoZr20:3F GdrTi207[5], La:Mo200[6,7] 5 ©I
R

ABO;8 # 2 7}o] E(perovskite) 729 LaGa0s
A Asge A2 2 W AR 45 A% 2A4Ad
;A AEZA B 9lvk LaGaOse
La® ztglel S, Ca”, Ba”# 2 94z @3t
Ga’ Aol Mg”, Ni's 2 94z A@s}
b2 WA 2 (oxygen vacancy)7F @8t A7)
Z7F g Ee AeR g A3 S
Laj-«SrxGaj-yMgyOs-s(LSGM) S} Mg =&l Co
HolF&E AEste FHA2=E gz =2
odE A7 AYHu JoH89)
Aol F4(+2)0] Ga(+3) gl A

2o o B R
i

W Ak NARE GHAA ANAEES G
Y Aol LAEERY oblld AAHEE
= 2o 712 ot Asld ABEA 45



HEtA 7)1 22le] Hizd], o]#]gl o] f- & Mg(+2)
i AelirEHAait 7ol gt jlrol2 AR

T

Ve S7RAI71A: A7 i  9lu), Isihara %
(9] Holifd Foled A% g3t o o]

transport numberit ZFAA]7]A]
EALEE SN Aol b

ot

growr A Akio]

b m Bas

Aol 43 $5% ANAEES

130] = LapsSronGansMgo20s 535 7202 3fo] A

ot A A o] 31

‘Q_o]],\ir_ o ];QAXQI_M_,A 71.:,;,_ /(40]- ,1Q_]
Fe, Co, Ni: Mg #tglel F¥EHow x83lo u
AN AL AEsa, 2A4AY NEEY F4 - B

A ¥t Impedance Analyzerir o] 2I-wWglo] ul
AV AL x & Wl ulit MY FH B4
SE AAReR aedh
2. Al i

2.1 AEA=

R e PSR Lax03(99.99%), SrO(99%), Ga,Os
(99.995%), Mg0(99%), Fe0(99.5%), Co0(99.5%),
NiO(99.995%)i: ZEwhdii®  AR838te  LaoxSroz

GapsMgo203 o(1LSGM),  LapsSro2GassMgoz xFexOs s
(LSGMF), LagaSro2GapsMgoz «CoxOs s(LSGMC), Lags
Sro2GaosMgoz 1NixOs o(LSGMN)2] arAdalde A
A Mgkl agirgH o R Axzstavk ol
A8k xiz Z+et 005, 0.1, 01501 19 1&
Al A LA A AR TP =AFI A
o] t},

A3 % 19 o] AA xAd uEt %

Foobpviv w3 §h) 48AI%F B A4

,‘
i

ol oMy
W$ﬂ¢
o G %

At o] ul, LaOz fitiz F3HE CO8 +=#&
AAs7] g18te] 1000Col A 3A17F E< Az
thgell ARg skt EdE 98 1000TAHA 44]
B3t dkA(calcination)ste] 7bzte) E¢E-S& &

shad Aind: e 248 F PVA
vielviel A %5t dry ovenolA ARAH
v Az Eukg 10 mme AR 2F 2 mmY
FAR AE7EgE AdEste] Hel(pellet) R A
FAir WE U 40,000 psig] k¥ o2 CIP(Cold
Isostatic Pressing)it AF&-3t FY4d skt o
A e A¥AL: uAVRE AFESte] 5T/
&2 1500T A A 4412 Bk &2ES)

ek

min2j

At
Archimedesy o2 F A3 LSGM9 424

(bulk density)iz °] 89X (6616 g/cmz)[lo] ] —F

331

A7z w=iE A, A18A A45, 20051 49

|La,0,|[ Sr0 ][Ga,0] [ MgO][Fe0, CoO, NiO]
| hrs,
| Calcination |

48 hrs, dry mixing

1,0007C, 4 hrs

275 MPa
40,000 psi

Electroding
Electrolytes

aAANAY] Az FAE,

Schematic diagram for the fabrication

1,5007C, 4 hrs

Pt paste, 1,250, 0.5 hr

g 1.
Fig. 1.
process of the solid electrolytes.
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Table 1. Composition and relative density of the
samples.
Sample Composition Relan}ve
density
LSGM LaosSro2GaosMgo203-5 94%
LSGMF5 | LagsSro2GaosMdo.1sFe0sOs-5 99%
LSGMF10| LaosSro2GaosMgo.1Fe0.103-5 97%
LSGMF15]| LaosSro2GaosMgoostens0s-s | 94%
LSGMC5 | LapsSro2GaosMgo.1sC000s03-5 |  95%
LSGMC10| LagsSro2GacsMge1C00.103-5 99%
LSGMC15| LaosSro2GansMgoosCo0.1503-5 |  99%
LSGMNS | LaosSro2GaosMgo.isNioosOs-s | 99%
LSGMN10| LaosSro2GaosMgo.iNio1Os s 98%
LSGMN15| LaosSro2GaosMgoosNio.150s-5 99%
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Sro2GaosMgoz xCoxO3 5, (¢} LaosSro2Gaos
Mgoz NiOs 5(x=0, 0.05, 0.1, 0.15)2] X-41
Ry

X-ray diffraction patterns of (a) Lags
Sro2GaosMgoz FexOs 5, (b) LaosSroxGaos
Mgoz xCoxOs 5, and (¢) LaosSro2GagsMgoz «
NiyO3 5 (x=0.05, 0.1, 0.15).



20um

WD15.2mm 15.0kV x2.5k

a8 3. (a) LSGM,

A7l ARG ek =22, 4187 243, 200513 49

WD15.2mm 15.0kV x2.5k  20um

(b) LSGMNB, (c) LSGMNI10, (d) LSGMNI152] WAz ALzl

Fig. 3. Scanning electron micrographs of (a) LSGM, (b) LSGMNBS, (c¢) LSGMNI10, and (d) LSGMNI15.

of MZH SRR AT 1FT v v
At A5 g el Al A "ol A A o
oxja gk 5, QiAlejgol wel shibslo} zhol
FAoleisty oju guAte] olFS Au 9

ol

ERRE R T

% AL oAleh P

Fhio A °§ e v

= ogu/Ed QR Aol 47 Aolo
AR AR AN H o FAUR

b Aol 9t ol shuel ks Auch Aol
WA 7k ko) kel glofuttH1LL ¥ Hge)Ai:

LSGMel Mg #etell dolsi&-& 2 &atdit. Mg
of thit f1Abs1v]e] #elii4<) Fe, Co, Nie] A%
o] Aol Fiel dgs v
o] YR FAAAN YT A Ao Abngrh
LaosSro2Ga0:9] Sr 31823 10 mol.% o) A ut
Ga ##lel 20 mol.%el Mg$ z$sld Sre) &
E7b 20 mol.% s FFAUHIZ 3L ¥ dHA A=
Mgakelel dolii& A gtakol Frga4% Mgd
e A Ak g A Sr 8%

Ao Holidk

_1 c
2
b
Oit
i
=

333

H i SrLaGaz079 LaiGa0q9] 23740) 3
Auk o)u@ ol f2 Aol Ay
].AL_,] 7}__ o &hi= HoZ }\]. &h:]__

LSGM¢S] EDS ¥4 A, 13 3904
9] 2a4o] La, Sr, Ga;, 09 4#& 7kAx $l
T Ae2 vEyzd, LSGM i) e d el A
SrLaGa; O7# LaiGa:Ouo] A &FE iz xar)
AeH14] ¥ AN E SrLaGa;0r H=27) X-
4 3ld BEAMo ey n EDS 4o of#fdl 2
e gl T 4 Sk

ol
Z717F 2

A 5

32 714 §4

aAANE V) E B2 400T ~1000TH
SEWA R Pudas HPsgn Ha
Aduled A AfEDL AFE 7 L\:}a} v} g3k )
B Bloy A weks Afolzh gl o1
=2 4, 5% W olagyg s As = g ]_gHu.o]L} -1
oA Aoz ehd I FAEL

Solatron ZView Z 210 % fitting3dF ot} <
o

WHOR RMAn nF geld AF% Jo
o e % Qisd, wF% dee wde 97



J. of KIEEME(in Korean), Vol. 18, No. 4, April 2005.

TOF . LSGMNS

§
F71 F 500CAA FAHFE LSGMC5H
LSGMF59] &2 quda AFEH.

Complex impedance spectra of LSGMC5H
and LSGMF5 measured at 500TC in air
atmosphere.

wl | (@) 600°C
0 measured d
[¢]
400
o} (b) 1000°C
o measured
00 — fitted
g
r\" 50F
251 Hz
25 kHz
00—
oe 5.0 100 150 200
z(Q)
(b)

71 & (a) 600C, (b) 1000CeI~ &7
3 LSGMe| B4 duds AFWEF,
Complex impedance spectrum of LSGM
measured at (a) 600C and (b) 1000C in
air atmosphere,

a8 6. 37 F

Fig. 6.

Conductivity (Bem

Conductivity (Bem

Conductivity {Bem

Temperature (°C)
41100 900 700 500 300
T v T T T

10 T

g
&

o
%
A

a {S5GM
10° b © LSGMFS5
A LSGMF10
© LSGMF15
10° L
0.8 1.2 ‘14 8 18
1000/T (K )
Temperature {°C)
11100 900 700 500 300
10 LN N T T T T T T
© oTen, (b)
.
& o8
107 PN\ e
T
10°
. A
10°

LSGM

e
© LSGMCS
& LSGMCI1O0
© LSGMC15
‘0 " s N L s
0.8 10 1.2 14 1.6 18
1000/T (K ")
Temperature (°C)
L1100 sgo 700 500 300
10 T T L T T T T T
O
o (c)
& <.
o A ‘~-‘.°
A a T
10t B SN
~ N .
w @
o, o
10°
IN
10 b
o LSGM
© LSGMNS
& LSGMN1D
100 © LSGMN15
10¢ s L s " 1
08 1.0 12 4 16 T8
1000/ (K ')

250 mWE (a) LaosSro2
GagsMgoz-<FexOs-5, (b) LaosSro2GaosMgoz-x
CoxOs-5, (c) LaogSro2GaosMgoz-x NixOs-s
(x=0, 0.05, 0.1, 0.15)8 HAV|HAE=ZE o
3 Arrhenius plot.

Arrhenius  plots  of  the
conductivity of (a) LaosSroz GaosMgoz-x
FexOs-3, (b) LaosSro2GagsMgoz-xCoxOs-5, and
(c) LaosSro2GaosMgoz-xNixO3-s (x=0, 0.05,
0.1, 0.15) as a function of temperature

electrical

in air atmosphere.



H7] AR 88 v A, A8 Al4E, 2005 491

= 2. LaoxSroxGaosMgoz xMxOsz s(M = Fe, Co, Ni, x = 0, 0.05, 0.1, 0.15)¢} z} &%) gt A NHEE
o} A8} oA,
Table 2. Electrical conductivity and activation energy at various temperatures of LapgSroz
GagsMgoz xMxO3 5 (M - Fe, Co, Ni and x = 0.05, 0.1, 0.15).
. Electrical Conductivity (Scm™)
emp.
LSGM |LSGMF5 |LSGMF10|LSGMF15{LSGMC5 |LSGMC10|LSGMC15| LSGMNS | LSGMN10 | LSGMN15
400 |56x10°]62x107° | 2.4x10* | 1.9x10° | 22x107° | 1.3x107 | 3.6x10° | 1.4x10° | 1.7x107* | 2.1x107°
500C  [2.9x10°|3.8x107 | 1.3x10° | 6.4x10° | 1.2x107 | 4.6%10™ | 8.0x10° | 1.3x10™ | 7.8x10™ | 6.7x107
600C  [2.1x10™* 2.1x10% | 47x10° | 1.6x107 | 55%10™ | 1.4x10° | 1.5%102 | 7.1x10™ | 29x107° | 1.4x107
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800°C  [1.5%1073[ 1.1x10%| 9.2x10° | 2.1x10° | 34x10® | 6.4x10® | 2.9x10% | 55x107 | 1.3x107? | 3.4x107
900C  [35x107) 1.5410% ] 1.1x102 | 2.0x102 | 62x102 | 1.1x102 | 3.1x10° | 1.0x102 | 1.9x10° | 3.9x107
1000 {6.3x10°%| 1.9x10% | 1.4x10° | 2.1x10? | 9.4x10° | 16x102 | 36x102 | 1.7x102 | 2.4x10? | 4.9x10°?
Activation
energy | 073 0.86 0.62 0.41 0.66 0.54 0.27 0.74 0.56 0.36
(eV)
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