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Garnet-type lithium-ion conductor Li;La;Zr,0p, (LLZ) has been studied as an electrolyte for all-solid-state
lithium batteries because the LLZ exhibits > 3 x 10 Sem™' of conductivity at room temperature with chemical and
electrochemical compatibility with lithium metal. Three phases have been reported for LLZ; a fast lithium-conduction
cubic phase prepared at high temperature (H.T.)-cubic phase stabilized by AI*" substitution, a tetragonal phase, and a
low temperature (L.T.)-cubic phase formed by reaction with moisture and CO,. Although the H.T.-cubic phase
exhibits high ionic conductivity, the other phases have low ionic conductivity of ca. 10 Secm™ at 25°C. The phase
formation of LLZ was investigated by high temperature X-ray diffraction measurements. The thermodynamically
stable phase of the stoichiometric LLZ at room temperature is the tetragonal phase. The reversible phase transition
between the tetragonal phase and the cubic phase was observed at 640°C for the stoichiometric LLZ. The phase
transition temperature decreased with increasing x, and the cubic phase was stabilized at x = 0.25 from room
temperature to 900 °C in Li;3,Al,LazZryO,,. The formation of the L.T.-cubic phase at around 200°C is strongly
affected by the Li'/H" exchange reaction with moisture.
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Fig.1 X-ray diffraction patterns for Li;3,Al,La;Zr,O;, samples
measured at room temperature.
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Fig.2 Crystal structure of (a) tetragonal and (b) cubic LLZ.
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Fig.3 DTA curves of Li;_3,AlLa;Zr,0;, samples with (a) x = 0,
(b) x =0.066 and (c) x = 0.133 measured in an inert atmosphere
with a heating rate of 20 K min™".
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Fig4 H.T. XRD patterns for Li;3,Al,La3;Zr,0, with x = 0,
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Fig.6 The phase diagram of Li;j3AlLasZr,0p, in an inert
atmosphere.
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Fig.7 Temperature dependence of the conductivity of
Li;;,Al La3Zr,0p; at 25 — 100 °C in an inert atmosphere.

Table 1 TIonic conductivity at 25 °C and activation energy of
Li; 3 Al La3Zr,0y5.
Composition, x  opyx/Sem”! O /Sem™  E,/eV
0 2.8x 107 2.0x 107 0.58
0.067 9.7x 107 0.46
0.133 2.1x10° 0.44
0.200 32x10° 0.42
0.250 3.1x10* 2.1x10* 0.33
0.267 22x107 0.36
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Fig.8 H.T. XRD patterns for Li;La;Zr,Oy, in (a) wet air, (b)
dry air and (c) wet Ar gas flow with a heating/cooling rate of 30
Kmin™.

66

B

HAELS Lg% & 5, 519 Z o=, EIR T 10* S cm!
UboE) FU sl 4 EEMEEZRL, EE L= RLF—
HALW, BLEX Y, LissAlLayZr,0, OAERFEIZY F 7 A
ZZILRIETFELTRY, YT UL A EEMRESDIC
1 LiYAF OMEHIEAREE CTH S LS X5,

3. ERIABHEDERIZONT

INETIE, LLZ OIES /ST OMEBIRIZ DN T
A L C & 7228, IRICARIB N T S O ERRIZ DWW TR T 5,
IR G SIS, IR T S S IFIER U X BRI %
R, BT EHILa=13.00 AFRE LD LRIV, L2L,
ZOMIE, 10° S em! PLFOIRWA A EERE RS, o
DOFEIE, LLZ OKIRERKRE B L7 VT ETORKT
450 °C THKT 5 Z & X° Geiger (2L Y 100 - 150 °C THAE
S S Th5, 210 Fx OYIIORB OREE TIX
28551 400 °C T LisLasZr0, Z#RFFT 25 &, IEJ7fFE B
SEH R A~ZERE L, LisLayZr,0p, DFEIC Li,COy 23R L
Tz, 0 2o, Fha TIRIRSL T A 0 A a3 ZE &
HOCONEHET D EEZ T, —F, LLZ OHBR O
NETeicoh, KIENZ TR OARKICE, ZRPOKDE
B IR S DRI o7, 10D

T ITEHANE, IBERH, ERER R LY Ar
KUEH T LisLasZr, 0, OFHZREZEE) 2 iR X AREIPTHIE T
HIE L, RIRST SRR OFERIZ OV TR 21T 7=,
IMBFEHROT A1, BR KK ZRMSETBY, &
AR FER D 3 %FEE S £ 5, Fig.8(a)lc Mz 225K
ISR, (©ITINE Ar Ky CRIE L7
Li;La;Zr,01, D @R X SREHTIE 2 7”597, £ 77, LisLasZr0y,
EDORIGEBRMDORIE D=0, TN EOFREA A, 200 °C,
1 h fR¥FF L723UBD FTIR E AT 72, DR % Fig.9
\ZR9,

IR 225 TP LisLayZr,0y, DEIFTEE TIE, 25 °C 225
100 °C TIFIES AR ER X4, 150 °C 1T T G
A% L7z, 400 °C C LisLayZr,0p, D —¥B23 55 f% L, Li,COs
& LayZr,0; DAE A RS S V72, FTIR € T, LiOH-H,0
& Li,CO; OARRDBIR iz, (KR TOEFR/ALT O
MEREX, ERTPOKERILCO, EDRENTFETDHZ &
MR I T,

HLIR 22, CIE L7z LisLasZn,04, DR X ARIET I
T, 25°C 75 500 °C £ CIEF N ER S, nigze
S G & 1072 150 °C (1L T IE 7 F AR A & 377 A~

___ar,,ﬂwjh“\_lﬂﬂ__
) -2

Dry Air

:'.:' Wet Ar
8 MMWWW
8 Dry Ar
c
5 w
2
o
a Ref. LIOHH,0
< _&Mﬂﬂ"”"%’"ﬂ‘
ef. L,CO,
| | |
1000 1200 1400 1600 1800

Wavenumber / cm™

Fig.9 IR spectra of LLZ kept at 200 °C for 1h in different
atmospheres.

Netsu Sokutei 42 (2) 2015



A=y MUY F 7 LA A BB LisLasZ0y, DFABLR

Wet Ar

0 L1 1 0 1 | T 7
30 60 90 120 150 180 210 240 270 300 330 360 390

Temperature, T/°C

Fig.10 TG curve of Li;La;Zr,0,, measured in a wet Ar gas flow
with a heating rate of 20 K min™'.
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H,0 & D71 b AT, CO,y & DS TESR
MMZHEITT D, FEiED 250 °C £ TO LisLasZr,0y, DHEF
EE NG Ar KGR ENBZER R & TS5 L, a,c
FTNHIFIF B L TEBY, ZOEERTONFEHOER
I%, Li;LasZr,0p, & HyO & D7 1 b A IC K 5 Li
ROBENEERTHD EEZLND,

I Ar S & I 2250 H T, 300 °C LA T4 Rl
WEI2 o TR, it LisLasZr,0, Fif B4R T 5
VF I AEORERDENI LS EEZ OGNS, IR Ar
KRR CAR L7z LiOH - HyO 1%, BERS L ThE 2
ETRV, ZO7, e Ar KR T, 300 °C (3T
Li; H,La;Zr,0,, & LiOH * H,O MUt LC Li OF%A 7 &
2B, ZORETESFME~EEETS, —F, N
ZEKH T, 7a b AHRIGIZ X 0 AR L 72 LiOH - H,0
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23 Li,CO; ~ & 24k %, LiOH - H,O & t_T Li,CO, 135
BETRETHDD, LLZ L OIS OEITHEN, Z0
728, 300°C LA LTS LLZ DY F o LABNDRL, STH
HREAEhs EEx b5,

PLEX Y, LLZ OIRIRSL G O ARIZITZER P OKROF
BRRKENZENRHLMNER -T2, LLZ £ CO, L OGS
BRI S U228, KICHAT LLZ OFERR~DEZE T/ E L,
LLZ & ko Li,CO; DAERIT KR LD THDL EEZ
BB, LLZ EKEDIEN T v b G TH D DI
®LT, LLZ & CO, & ORIGTIX, LLZ OfENS Li0
ELTUTTLARREET 2720, KISHHESCHIZHEITT D
EEZLND,

4. FEDH

BRSO AR AT OER, IKIRSL T SO A
BlCiE H,O £721F CO, L DORIGE EFRKIZE R D DD
LLZ OMBEERIE, VFULERICEFELTWDEF A5,
RIS T OERIT, Li 2L Gl —F v MY
L& THE Z Y, LigsAlLayZr,04, X Liz, LasZr, M0, (M =
Nb** and Ta’) O U F 7 LEEHTEH A A L EEROK
THRBRIEND, 207D, ZHObLDILEHDOERITIE,
Li Oz, FEKLEBETLIHLERD D,

LLZ O#RL & AHBIR DS 52N 72 5125k, LLZ O
SLHMEIZ OV T OB IR E > TE 0, ZOFEMIC W
THERLMENRDOND, £, EEIKEROHIE A
8 L7298 Tl LLZ O 7e BEfER=° LLZ & ERYEW'E
ORI OFEED T, LLZ OBEFEMES LLZ &iEWE & Ol
SEIZOWTOEARDIHEMNRMLETH D,

#

ABFFEIL, WFZEICHEE LI SOTR B R 240, =K
FERNNFX —LBPGHEOFAEFEC LV BTSN E L,
7o, WEOZRITORNT, BRI =ERAEERE &
ARG ZBERFAFIRP O L O EFTHEE LT,
ARWFFED —E0IL, ISIATEIE ANFZEATEITHERE  (JST)
D SFetm R R FALHATBA S (ALCA) & b3 % BB
SHEOBEINTEMSNTZbOTY, BIRAALICHE < B
LETS
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