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Synthesis and electrical properties of perovskite structure
solid solutions Li,Sr. M, /z.aNu2sO, (M=Cr, Fe, N=Ta, Nb)
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Abstract

Recently the perovskite structure Ly, La,;TiO, has been teported to have a lithium ionic conductivity as

high as 1 X10° S/em at room temperature. However, the wonic conduction mechanism has not been clari-

fied yet, only the following factors are known to affect the ionic conductivity

© concentration of vacan-

cy/Li' ions, bottleneck size and the faclity of tilting of TiO, octahedron. In this study, complex per-
ovskite solid solutions Li,Sr MmN 40004 (M=Cr. Fe N=Ta, Nb) were synthesized and the lithi-
um ionic conductivities were examined. However no lithium ionic conductivity were observed in any
composition, This might be due to the larger lonic size of B-site ions. which inhibited the tlting of Ti0),

octahedron.
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Fig. 1. X-ray diffraction patterns of the
Li, St Feiny2Taysen20s

X-A AR ARIHE B-siteo] Ejsh=



HZHA7olERLR T8 L1,Sr, XM(}/‘};/Z)N\1,’z¢x/_r;05(M:Cr', Fe, N=Ta, Nb) 9] §t4 2 M7 Q5 qEe

4.00 T T T T
]
3.99 1
<
e ] a.. 4 —~—
D 398 \\i\ ] ‘ | X204
% - s} - O 1‘; bw,'}* I L_-_,Jv) »«LJ_»’-; JM'J NN,
i = q
@ o = !
?; | & ' l x=03
8 397 1 g N N S B
% £ |t A—l 2 [
-
396 - SN, SR U SN
-
RN
395 T T T : = T T T
0.1 02 03 04 10 20 30 40 50 60 70 80
X 20
Fig. 2. Lattice parameter variation with x Fig. 4. X-ray diffraction patterns of the
in the LiSticFein nTaime20;. LixS11,CrizwaTay g x020s.
— i e 2 r_ o
1 i
,,_J‘v,_).‘wt,,\ {NR B ,! J,l RO J?J i
f i >=0 3
3 P 3 P
s | P Y SN SRV R
g N : "
Z . 2 -
% : 02 i ’ ;
E T = o
i l , ‘ R N S .‘ - -.d.m,ﬂ,i#_
; : ! i
: e l x=3 1
o ; |
N ot
1 T T T T T TTTTYTT T M T T M T 7 T
10 20 30 40 5C 6 70 80 10 20 30 40 50 60 70 80
20 20
Fig. 3. X-ray diffraction patterns of the Fig. 5. X-ray diffraction patterns of the
Li St FeinaNbipenOs. LiSt,4Cryy0-02Nb /244205,



Nb** el Ta'"ell atet 2|f#EAe] Gz g &
A% = . B-siteol Nb*' 7l EAl8h= 3¢ 2@
g dol x=0.320 A0 o|apol #H ] A3t
3, B-sitedl Ta* 7} A8k 4% x=0.371A &
olxpdol |AE A Y}t x=0.490MFE o)z
ol FEdttE AE o4 F Avt. ol Aol ¢
S e Ll 7RI Ao waeict Nb* o
A% Hd WA} 4pfolm, Ta* o 4% 5p'&
Ho\ 42 24z} 4p9} SpAITE ANYAJYA L Wi
7 6% S ol2ub e 064A0% e Aog B
AE A vk W F o] b2 AT Abd:ell ol 6
Wi E HAAY A Nb-Ote] F4d¢A ) Ta-O
7ve] FRAFAARG o st Nb-Oelle m-dg
Aol B ZA3ld A1 o]= AAHHAE distortion
A7E ez paxa doHi10), & slaaadte)
3z B-siteol Ta® ¢ Nb**7} Eallshs 4+
& vlashe RS ol 2ukA o) wigigle] o] 27t A
FEAo] AAFZE 3 B vAE gdsiy

ATe 4 e S FUiRE e Ag ¢ F
Adrk. B OX-A AP E B B E J4e

Gaopany

A7l WA A 883 =&A Vol 12, No. 7, July 1999,

B-sitedl Ta** 7} & 79 Nb*' 7 EA8t= 3
SR o Be ol XFdF o|xpo] vjehdr}
¥ Aol ol AL Fel'7h Eafst: ALY
Cr*' 7l A8l 2 $ol daglo] of- HA o} 1}
g Q&g 8908 4 gtk ol nRAE ¥4
Y Ay DEEE ool o]zt AYydH AAA
& BAFE & o A & 2 99zl
m-d3Hdel A A HAEHol AR A 1¥A
%e ARy 18EE Fol Ao Aoz #
13223

Fig. 6& 2z Al#e] v FRAIHNLE Crtro] &
A= A Fe 7t EAste A9 qazaz)s)
21 71ge] o BrhE AE o guoed g5 &
of WolAFF Hte oo FoprictE ARG Y
4t

Fig. 7& 2 A8 gogeds o)}
el A g Fol2HEA Vehbd] gevs A
A 4 dth. LigsLagsTiO® 4% slfolds
iy obd W3] FHHAR N e el
A dell Z2zlelelstd iy HEras)

2ep

X3.580

EERE-A -]

(d)

Fig. 6. SEM micrographs of (a) LiSriFeysiTayzex20s (b) Li,Sri Feimy:Nbige 05 (¢)
LSt CrypeTare xn0s (d) LS CryjpgzND 24203 (X=0.2).

589



HZE 2ol EF 2 &M LSt My, ooN O M=Cr, Fe, N=Ta, Nbio] §H4 9 "7 454 R

S T T T T o . i - - o
= - : £
30 | 2
= i H =

2 ‘ & 1
g ko i i
= [ o
g ok P
= F B 153
b e e g e e e e I e =
5 G st
Real Parti tm) Real Partitxrr
alt [
507G T y . T - il b T . - Tt T T
! ! :

= | ° | £ |
5 5
= L - 1= i
ES & |
Pl & }
g & i
4 g !
g Foo

Real Part{cxmy

i

EREAT
Reai PartiCxm)

(eh)

Fig. 7. Complex impedance plots of the bulk parts for (a) LiSri Fene:Tays.420; (b) LiSr,
Fern:NbisonOy {e) LiSr (CrypnsTayz, Oy (d) Li,Sr14Crypx2Nbysg4 0205,

SJE G2 E &t = A-sitedl 2lH ¥ vacancy
b EAE e A dEIEAAYC] vERE ek
7N AAE, AT Liy (SrosFey s Tag 0,0 7%
¢ AFFEE LigLag Ti09% 28 shdyeln
A-siteo] 2E o1+ ¥ vacancy’t ¥ dog
st 2 Fol S M Aol dE vt vl
og ol @At o ol Wyl o ofErg o
Ay Mo Bs e bottleneck? 171 A
Aol wlelldtye o gauEn ony
Lig(SryeFes3Tay 059 A-% A7 39734
2.8 LigsLagsTi0O;9 3.87T1ARY}E 7 bottle-

necke AZIE O F Ao q webs] Ayt 2j 59
AT g2 dF vhepba) gt olv|d g
Uhg ) o] F&3tad & 4 qltd LigsLagsTiO,
o] A% B-siteol &3ty Ti*ve] o] &nhAo)
0.605A 2.8 Liy,SrgeFey.Tay 0,9 4% 2
0.644 yth Zck= 21 g o 4 Qlu} olgjzre] B-
site o} 9] A7 & A% TiO A2 tilt-
ingo] ol A1 OIE\_?SI"? ol o] X7t oy
Y AE ez wudnt gz Tio, B4

5%

2 tiltingol o} AL Kol &g v Ao}
5

Ae LigsLhasTiOel §hag 7tetm o] &k
§ 3G Y Pl Angen & QN ol
B-siteo] ol¥-wubAge] & ol s AR A& A
B galth ol Tivel ¢.8 thi Bl ol
rozgsled ok o] i J}e] B & o7

Felamol MEaIR & e g
w2ivbelE AHE o] &% ARFCRM Bosite o
o] ol2ut g WA QA HEH Az
JE FZE 9E 5 AU olF A dEe

"]8:‘8.‘1:4:/!‘ Ay vhepL} A

@iz g B oo uE

2 el 7k 2 g vjaii= AA TIO, ¥
HALS) tiltingel obyl7h wike ol
Fig 8% 2t 2AAM 2ol whi FAEAGS] |

'r‘

A8 debd 1ol 1glelA] & ¢ UKol 4
gAae 28 BEAE Holu gon B~51te°1.
Fe* 7} &A%k AS Crvb &ddhs: A8y
FA-go] Zon Nb*' 7t &8t 3% Ta> 7}
AEt AR gAgol ot 9 AdE AL ¢

# aluh

i

a1



.
.
&
.

Dielectric constant

Ui .51, Fe. Nb, O,
4SrJFe 720,
FeLTa D,

Fig. 8. Dielectric constant as a function of

T 1
0 50 60 70 80 90 100 110 120
Temperature(“C)

temperature.

x/Z)NH/Z*x/Z)OS (
o ehaur o

A W FEAE
o] e] &
o «A A BO, @4

/ﬂ% Bk

AL el 4

4. @4 B2

5} = ,)\-l ;ﬂ }:_
={r, Fe N=Ta, Nb)7 %

FHZE AV B fRE Yy
I.i Sh XM(Vz

AL Aol EbA g Aok gtk

A 2

A 199THE WS e
A Atglefl ol sted ol 5] 9o 01"*1 7n Py’

1. Y. Inagumau,
T

Nikamura,

18

8

[.. Chun,

Uchida, M.

M. Ttoh, T.
fkuta and M.

o]
-HEA ot ME v}e}
: ~ AR oleb
B dxAle] JElhA ¢l olfis B-siteo] &
-‘r’ #) 9} ti‘ting°l SR

AU &

591

joal

O

ANnHA ARG =84 Vol 12, No, 7, July 1999

Wakihara, “High Conductivity in Lithium
[athanum Titanate”, Sohd State Commun.,
86, pp. 689-693(1993),

H, Kawa and J. Kowano, ], Elecrochem.
Soc., “Tathium 10 conductivity of  A-site
defieen: Perovskite Sohd Solution La,,,
Lo TIG, LT, LT8-7001594),

M. Obiung, Y, Inaguma, M. Itoh, T.
Nakamura, “Calorimetric and Electrical
studies on the Positional Disorder of
[Lithiurn Jons in Lithiumm Lanthanum
titanate”, Solid State Comimum, 91, 627-
63001994},

Y. Inaguma, J. Yu, Y. J. Shan. M, Itoh, T.
Nakamura. “The Effect of the Hydrostatic
Pressure on the lome Conductivity in a
Perovskie Lantanum lithium Titanate”, ]
Elecochem. Scc. 142, LE-11{1995).

0. Bohake, C. bohnke, . .. Fourquet,
“Mechanism of lonic conduction and elec-
trochemical intercalation of lithium into the
perovskite lanthanum lithium  titanate”,
Solid Srate Tonies, 91, 21 3101006

H. I, Chung, J. G. K and H, G, Kim,
“Deperdence of the lithiurm onic conductivi-
ty an the B-site on cubstitution in
(Lo, VT MO, (M=4%n. Zr, Mn, Ge)”
Sohd Stiate lonics 1in press,

H. T Chung and D. S, Jeong, “The micro-
scopic features of Li-La, TiO,”, Solid State
lonics i press.

J. G, Kum, T, Chung and H. . Kimn,
“Microstructure-ionic conductivity  relation -
ships 1 perovskite tithrum lanthanum
ttanate”, ], of Matenals “cience Letters, in
press

R. D. Shannon and C 1 Prewitt, “Effective
lonic Radii in Oxides and Fluondes”, Acta
L 925-94601969D

1. Ruavez, “Relatiens between  Curie

Cryst

Temperature  and  Chemical bond 1in
Octahedral monodimensional  Ferroelectrics”,
Phase Transitions, 33, 53-64(1991).



