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Improvement of Cycle Durability of Li-rich Cathode Materials

by Controlling Crystal Structure
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Along with the popularization of electric vehicles, it's necessary to develop cathode
materials with higher energy density for improving cruising distance. Li-rich cathode
materials have high discharge capacity and are expected as future generation cathode
materials, but their poor charge/discharge cycle characteristics are problems to be solved
for practical use.

In this research, we have investigated the cause of capacity degradation of Li-rich cathode
materials by charge/discharge cycles and tried to improve cycle durability. TEM observation
indicated the sample with good cycle characteristics had a specific nanometer scale domain
structure which crystal phases attributed to crystal groups R-3m and C2/m are layered in
the c-axis direction. And it was shown that the sample with poor cycle characteristics had no
specific domain structure and the phase separation caused by charging was observed from
XRD measurement. We guess that the crystal structure with low stability causes the phase
separation during charging, and as a result, the dissolution of transition metals from the
cathode material causes the capacity degradation. Furthermore, we have thought about the
easy-to-use procedure to estimate cycle durability of samples from the crystal structure and
found that such a specific domain structure is easily obtained under synthesis conditions
with high calcination temperature.

A FRREAL S BT ZET

_17_



1. #8

NA Ty VHER TS 74 A7)y ML, B
HEJ DM K stete b C, ZNSICHERS NS K
BT, TRCEY A 7 VR R O AV F
— O EARD SNT W5,

LiCoO2%LiMeOs (Me=Ni, Co, Mn, =7CR1FHtt
B o 258k 5 W ST W B IE A R
Fig. 1 (a) 1R T ZMBHR-3mIZ)HE S, Lig L&
BEREIRZEIIRARELR > 2 EIREEZ AL Tw»
bo ZOMERTIEY F LA F V) F 7 AJE %L
BTAZLTYFTAFA - HEEISEC Y, BRER
DOFALFETCIC L ) EAHE S NS 2 LT, TEREICHE
) B OBEAF TS, —HTFig. 1 (b) IIRT
X9 %, ZZMBEC2/mICHEE S 15 g IRRE R & R
LisMnOslZEREERICD V) F 7 ADAFET B 720 Y
FILEARENS . FEAEDIE V. 7o,
Gflize~ v A TR ENTWEZ Eh D, EAR
W72 oa A METFEIFFC& A% LisMnOsld~ >~
B YB+METHETH LN ) F 7225k
CBHZEMMEATTE T, BAWICANEE CERIIH
WBHZEIETELNo>720 LA L. ThackeraybH s
LisMnOs-LiMeO2 (Me=Ni, Co, Mn) ®F#EA (LiV
v SR ) 2R L. ke HusN TS =
TCRIERHE (~43V) XD EWEE (=245V) T
BT 52 & TIEBMRATEE LS ., m e % 583
TELIEZRMLZZENDBEAICHIIEE NS L
W7o D,

LD D W I D 525, FETERFIC M
AL D3 LR STERTHIIE IS 5975 2 & T 18k
DERGBOMBEAL TEMMHEINERLD 3£ L
D) F 7 A fERP PG &L S LD EETH L &
WHEINTWDE @, LaLiads, EEMAEICE
K92 LE 2 LNDFMES A 7 VEFEOIT H5RE
THY ., LD DIIEFHESF A 7 VORI
TORKFEHE EOLEVLETH 5, LiY) v F i
MEE G2 F7 54+ v ZREMO TR 1 &
NVEOREBREDETIZOWTIE, IFHMED S ER
SESEN L, AR T2 TREE L2 &8
IMARSIZE WRENRTWS O, Fig. 203 EmA RIS
GENLERBERE ST 2 ERSREINEISN LT

JORST-RFFE S 67 (2017)

10044 7 VEOFEEHFRE 7ay L2 DOTH
%o RBIFEICBVTH BRERER R L HEAZOK
TSR H 27— 2B TEY. SHIERER
DHEMEIZED L) BRENIEEL T2 D0 Mt %
A 72,

__100% -

2 2| A L)

:; i f\fz’-i:"l

g 90% - -—@

g i B Al,0;-coated
S g0% - s Cathode

2o 1 Material

E o,

E 70% | ® Pristine Cathode
3 | Materials

£ 60% +— . ;

£ 0.0% 1.0% 2.0%

=3

3

Transition Metal Dissolution (mol%, Ni+Mmn)

Fig. 2 Relationship between Capacity Retention and
Transition Metal Dissolution.
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Fig. 1 Crystal Structure of Cathode Materials, (a)LiMeO, (Me=Ni, Co, Mn), R-3m, (b)LioMnOs3, C2/m.

_18_



Res. Reports Asahi Glass Co., Ltd., 67(2017)

L7795y IRVafElL, ERERICT VIV 70
— TRy 7 ANTENVEBARL T, WY B LB
— M VT FNH =R A — N T - R Lotk
EEITH> 720

3. fEmiEERR

3.1. {EADIEREE
FERCEY A 7 M 1M 2> & OB &g E
BEHRERTORNE > TSI EDRGhoTn5b
A EBRSREHRICED L) RBERIEEL TV
PITHHL T v, IEBMIZY 77 454 4 2Ol
A - BB X o THIRIGEZ M0 B2 &2, Wl
D e RE DS BRSE OB MR IR 2 Y D
LDTIE Rt #ER 7 £Z T, Fig. 3IIRL7T
WY A 7 WL 9 20 OFEH TH % 0 w1
D#E RS D ILB % 1T - 720 Sample A U'Sample
BoH A 7 VvEOERERGINEIEZENLZN
1.48m0%. 0.87mol%T & E)o Mn/Nio ¥ Hi M i
Sample ATIZ2.7 &I WOIZH LSample B
TIELIE - THBY, HENiL D MnOEHE)
WAL TWBZ LRSS, 72, Sample Al
BERLILEAY965C . Sample BIZBERIREAY990C TH
5 EDERSAOMERTH S, Sample Bix1004
A 7V ETHREMICERIKT A E TV 2 DITH L.
Sample AIZEH THEREDOZHIEE TV 2D,
D LX) BINBHEROBHLIE X ZREHIOWT,
BB OV 28 L CERENT A 7 VR Bz TR

B

BT LERSRENREZNE LA, BHLoH
RTERSEEHEDEGIIM L T 5B 138

WENL o7z, TOT LD SEBET~OHR =
MhLHMMEEEZ S L, BBICKERRIMKTT 52
EWTRIBEENDG, EBREEOBENED L EME ]
L — % O S A AN T 28T Bigt s h
TBEY. 1L — 7 OMILOHZER ABER OANHL

AWEETVE EEZ TnD,
(a)
g
; ——Sample A
B ——Sample B
o
E
-—.-L}\,__L J 1l f | u '
i
N N
15 20 25 30 35 40 45 50 55 60 65 T0

20 (degrees)

Fig. 4 XRD Profiles of As-prepared Cathode Materials, (a)Overall View, (b)
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Fig. 5 Electron Beam Diffraction of As-prepared Cathode Materials, [1-10] zone axis in R-3m and [100] zone

axis in C2/m, (a)Sample A, (b)Sample B.

S0nm
]

Fig.6 TEM Images from Electron Diffraction Spot of C2/m Phase, (a)Sample A, (b)Sample B.
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Fig. 11 XRD Profiles of Discharged State Samples.
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Fig. 12 XRD Profiles of Charged State Samples.
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