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Structure Analysis of Some Li—Metal Double Oxides

Yoshimitsu ISHIKAWA
Shinji HIGUCHI

X-ray structure analyses have been carried out for LiNiO,; and Li\Mn,OQ,, which are promising as
positive electrode material for lithium ion battery. LiNiO, was found to undergo decomposition under
X-ray irradiation, but its mode of decomposition was dependent on the source of LiNiO;. LiNiO,
synthesized from Ni(OH); decomposed to Ni(OH), and LiOH « H,O, while LiNiO, synthesized from
NiO decomposed to produce no definite crystalline substance as shown by X-ray diffraction analysis.
Detailed crystal structure analysis was made for Li,Mn.O, of different Li:Mn ratios by the Rietveld
method and, based on the results obtained, the relation between the crystal structure and property of
positive electrode materials has been discussed. The mechanism of Li* ion elimination reaction was
investigated from the change of XRD peak position and width. The difference of XRD patterns between
the fast and the slow deteriorating positive electrode materials was examined and new peaks generated
from the fast deteriorating samples were observed. The relation between the XRD peak width and
tetragonal strain related to the Jahn—Teller transition has been investigated and, based on the analysis,
the relation between the crystal structure and property of positive electrode materials has been

discussed again.
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Fig. 2 The change of XRD 111 peak profile of
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Fig. 3 The change of XRD profile of 29 to 35°
range of LiNiO, made from Ni(OH), as
integration of XRD patterns.
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Fig. 5 XRD patterns calculated from some site occupation models.
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Table 1 Results of Rietveld analysis of LiyMn,Q,

Initial 2Li/Mn 0.6 0.8 1.0 1.2 1.4 1.6
Composition (Lio.e7Mno.0a) (Lio.seMnig o) (Lio.gsMrig,00) (Lig.geMng.c1) (Lip.0eMnig.01) Lio.es
Mn; 904 Mn; 0304 Mnz04| (Lip.12Mng,gs) 204 | (Lio 18Mng.g1)204| (Lio.1sMng 5120y
+Mn,O; +Mn;0O;
Rietan data
a/A 8.2290 8.2325 8.2234 8.1866 8.1561 8.1480
Li 8ag 0.971 0.981 0.982 0.989 0.991 0.979
Mn 8ag 0.029 0.019 0.018 0.011 0.009 —
8abB 3.26 3.05 0.98 1.21 2.32 1.91
Mn 16d g 0.958 0.965 1.000 0.876 0.815 0.813
Li 16dg = = 0.000 0.124 0.185 0.187
16a B 0.73 1.03 0.759 0.65 0.40 0.42
Qx 0.3883 0.3885 0.3883 0.3882 0.3881 0.3882
Crystallographic Data
Li-O distance/ A 1.971 1.974 1.970 1.960 1.951 1.951
Mn-O distance/ A 1.948 1.947 1.946 1.938 1.932 1.929
Li-Li distance/ A 3.563 3.565 3.561 3.545 3.532 3.528
Mn-Mn distance/ A 2.909 2.911 2.907 2.894 2.884 2.881
x of LixMn, O, 0.971 0.981 0.982 1.238 1.361 1.352
y of LixMn,0O4 1.945 1.949 2.018 1.763 1.639 1.626
Average Mn charge 3.613 3.602 3.478 3.837 4.051 4.087
Mn®* ratio 0.387 0.398 0.522 0.163 -0.051 -0.087
weight/mol 177.61 177.87 181.68 169.42 163.49 162.74
calculated capacity — — 155.38 45.24 -13.55 —23.28
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Fig. 8 Mn3p XPS of LizMn,O,.

Table 2 Mn’* ratio of Mn atoms in Li,Mn,O,
based on the XPS peak decomposition

sample Mn®t ratio
Lip.eMn Oy 53.6
LipsMn 2Oy 46.8
Li.oMn2O4 43.5
Li; s2Mn 2Oy 25.0
Li; sMn 2Oy 9.0
Li; ¢Mn 2Oy 0.0

43R ATBADT, Li(8 a A M)-OJRFHEE
HEZ NS b b DEFEL DN 5,

Mn-OR FEE#EE B LT « Mn—-OI DR,
Mnp3+:4+=1:1FZB25EZ2D(44vE
BoOFH &ty A4 VERORM (1 4 v OEMIERL)
31.97A & 7%, Table2 it L % &, &2 TOHEKTE
hE D REOHBEIEV, ZRIE16d A Mk Af 4
VHBEOPECMN RSN EEBERLTOWE LD
EE2bNRE, 16dY 1 FOLITESHEMNT S (LI12
MB5LI16) LLit>Mn* " e H 5 D TMn-OE O fr
BRLA RBETEN, FEICEEA h-TWwb, Zh
EMn? P EREAD T ADEBYG TN A D THD &
Ezxbhb,

withFrbE & OBk © PIIIAEIIMn® T o &E & DOHES
NEZ LM%, ¥\ LiMn,O, TR/t > T\ %
AN EBEARESRS LD, Lid8 av A bk
MnDEBLTWAREKRTHS LFHEENE, Mn
Livo8 av A MeFETAHZ LI LA AYDOHA
DEREAETLLDEELZ bR, 1 7 VA EL S
PRRICEBADEEZEZ BN, 8a¥ A FOLILA
i, HALREOLL, MnlbA K& WEFEENEL b
DTy ThERKELTEZETHA VAR
HEFHEND, SRZOBARTIEIMn® T ENED L,
BEZXOLDINELIh, ZOHIDOBELF AR
CHEIND X5 L,/ MnlbOEi, XRD/4 A v
DRietveldfT L XPSHITI L 2 TEILBETH 5
EFELIBLNRD,

(3] LiMn,O,DFERDOEELIL

FBihe LTAVAEEA, ABICE DE&EPHLITA
VIR L, WETRLITA A YA Eh S, &
WEHBIEST L IERET TLIT A A v 2 BiEE
FAIRDLZETHLHD, ChICXVEMENELLT
WK EWD RIERDBRDIZHIC, L Mn,O4DFE
B L5 1 EHOFEDED R SEEEL 2 XRD
T~

Table 3 Ton radius of Li, Mn,O%

spices

coordination number

ion radius/A

Lit
Mn3+
Mn4+
o*

4 0.73
6 (high spin) 0.79
6 0.67
4 1.24
6 1.26

® H AR LF24R,

fetF%, HGET4 R, p. 11725, A% (1993).

( 43)



T

44 Journal of TOSOH Research Vol.41(1997)

XRD/ & v OEHTF35~50" DT 07 5 4 Wi LA
Fig. SICmd, ¥~ fiEIPLRDLBFTECE %

500 Fig. 101077 L fzo Bf4 CFig. 11 EE I THES 5 0
_JAHMWMm‘ LB G G O5 I IMBEE O % R,

JAL_ FREEOEINC L OLIAED T A0, ¥— 7 L 5

LioaMnaOup ) i 7 b (=BT DR F 5, FEMCRES &,

_jﬂgmmm%mh Lil.0~Li0. 93 2L A\ Li0.9~Li0.6 THF ik

® <R, Li0.6~Li0.4 48 b7 L, Li0.3~Li0.2i3

Lio.aMnoOy, | 7 932, Li0.1~Li0.0c& ki Ly, Th 5, [hl

PTE— ZIRIZLI0.9~Li0. 6 THRF MR & <IH LT
HHEBTIAL I >TW 5,

Lio.sMnOqp | Fig. 9, Fig. 10&Fig. N & b#d 25 &, 5IIMEED
EAKE WFITHFIRMEN NS L =21 S M
KIE>TRD ELGINEEDFEAEE(L LV
_J&@MM%L_ DOEB TR FERDKEL B LE—ZIES [,
L OFEIC R B L5 MBEEDIG & A EZE L=
DX TS Li0.9~Li0.6 TIHEREITE (L LT
WA M, Li0.3~Li0.2I —~ETH 5, XRDZ v T
ZLi0.9~Li0.6 Tl &— /@MY 7 b LTE D,
AR FOZER LTV 5, 1i0.3~Li0.2TIk v— o i
7 AP ZORGHELTE D, T OMKE cHER

Lig.4Mna Oy

BREETW5,
Fig. 9 XRD pattern change as charge of Zh Bk, BRI ST AELE Lo s,
LiMn,O;. DPOLIT A ER AL DD T A Rz SR T

L) EEXDEHMTED, WEAETINT 5 2 & TS
BRIC LR F—p 2 b R TL Ak
BT L, AR IDT R VFEF—2EL 200 ¥
Bl ThHER2D L. LOXRDAR S v, BEOE

8.25 . C e
l fLizericinz b o x£—5n, SRR T oW
A, A a/A DI-BOTFAF— Fiid, LiT BT bR
8.2 F ® w/A AOEHBLES ETEET VY v VOOl DD T
A INF—-, OEBL L FICPHM b T3 o
8.15 | A A A A
os 5 | T T T T | T T T T d
3 © Lii_xMn204(0.0=X=<1.0)
8.10 F i ]
z L o |
gg) AL 0 o O o O [e] O ]
8.05 - ®o o 0 o s | I
5 -© 0.1lmAcm—2 1
8.00 | : A A 3 IM LiPFs PC-DEC (1:4) T
0.0 0.2 0.4 0.6 0.8 1.0 i )
x of Lij—xMn204 010 L 1 L 1 0|5 1 L L 1 l|.0

Li1—xMn204,X/—
Fig.10 Lattice parameter change as charge of

LiMn;O,. Fig.11 Put voltage change as charge of LiMn,O,

by constant current.

(44)




LY g

HB41% (1997)

45

ERERLTV D, Zhid, BALOELIAE T O URE
R CEBRICEE 2D TR, EELDLZ LN
T& b, LITOMBEDRT v ¥+ V0BT, FEO
LB T C i LR oHELT Y v v
WOTETH D EB2TI v, B TORBICTIE.
R T OGN Lit OBt X 5 KB AN O
BREART VY v OB EBEEIBRR W, EF D
BUREEEY ZOFRIIR LTV 5,

Li0.3~Li0.2{% 2 HHORABEH TH S, ZD 2 Hix
LiO.SH ELI0O.OMTH L L F 2 b A D, Thbik
P THLERE (Dl LLEHTEY— 27 NHARE)
OFEIEA D TR, &RE LTI AL /S| &
ThEOINEEETHDL LA BERT 5, ZOEKT
FREZE Vo, TRl (o LEBN
EVHIEEERT) THHZENTFHEND, H1b.
FTihbbLit ORLEE A RTAIHMC i 5 BLE, 1
Lil.0~Li0.5% TOHEBOBIK KRR H B b D & T
Bha,

TE TihbbLix B A OOV T
k. Ohzukubic L W BHFEI TV 3, ©— 7 g
FHBFEHESIINEL I D\WC_EORE R TEM o 22T
ENRTWiRw, M EOBHTICInNZ TXPSIC & 557
MBI 24T & & Ty LiToRis A LTk
A b & BMNO, DREEHEOR{LIC DT, DF
D LB T 23N S M b b D EE X
bLhb,

(4) HEBEOHMDXRDINY >

FES A 7 VB S L, ThbbEE
DT, D& EBDENLRARE, BT OED
BRI > BIOXRD T v 7 7 4 AR B L1,
Fig. 12i2XRD /X 2 ¥ %#15~50" 12\ TRT, 2D H
HLl~4 Lo BEBEIERTOREVABTHD, 5&7
BAEEETR b > F B THh D, BRETORE
BT, XRDOKE RV — 7 OBEHFH v — 2
BHELTWS, Flhh— DT bEDEY— I
LT LbEAMTERS, BTHRIRTAZ Lic s
DHOWERER L TE LY -7 T, Fi
NI =27 OB FH-l— 27 nHE LT3
Ehb, Jahn-TellerFpRIC L A EH DB T D
e CRBLDOE—-IDEER, BEDLZAHATET
Wit -2 OWBT 5% b, NaClllo
BB ERTEI R, FIL0 ¥ 7 ORI
Fickhe—-J0BBABRONRLZ 006, AbMDOR
IR E R F - LA TH D TAEELAREV LD LT

-
[

(45)

MEhb, BEDLEZAMOBNRHLRIETE LT
WAEETHLTWAR, E—7D RV iE—H LT
Tl

FIoFig 1200 1 ~4 & 6 & [T % & FiicHE,
THE— I DOMNELTTOKE Y — 7 ONMEREIR
B L OB -TwWb, TOZ &R, A4 7V EER
5T L LB RMFHEDOLHLS, BEH—DODRIGIC L
DHHILEMNREL S LW HiidoTidisnwo &
ERLTWA,

(5) LiMn,O,IC&TDRFRDE(L

(2) wdsmli&Bn, Mot st ©Jahn-
TellerEAXELIW D HAM AV THAZ ENXHALR
Twb, SGEGE LEe TOXRDAZ v TR B2
AL =0 R EEIh Thisv, LinL,
MEREDLIFETELEL, E—VIEEELIEIEE
DELVEFEL T AAHER S H 5, Jahn-Teller®
KX HEBICHKT D, 7 Z O MIROMEE
Dl FRiE— JIERKE - alfo s v
DWW THANT,

LipoMnz O, D 5 %, XRDO ¥ — 7 O(MIEH K %
Do KRR DO & DI DWT, ZREYTE— 7 D
g%, EHTA2 6 K LT7 7y b LicDhFig.13
DEB[TH S, HiBCILESLSENH S, Ches
LTy cElipMHoR LT (F 73§ LT) IEHBA~D
EBENRI > Thb Y — 7 MENEL LiWv111, 222,
444 — I DIEM 0o b X 5 7x 2 kg (Fig. 139

7000
l\l l l 1
6000 e A\
! ! L,
5000 S %
l l
3
4000 = N2>
0
S ! ! 4
~
= 2000 N A L]
2000
) 1 6
1000 e A
A A
0 A P
15 20 25 30 35 40 45 50
20/°
Fig.12 XRD patterns from some LiMnyOy

samples after charge and discharge

cycle test.



46

e A2¢/

Background curve

[

0.10

Y

01020304050607080
26/°

-

100

Fig.13 26 dependence of XRD peak of full
width at half-maximum for LiMn,O,.
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Fig.14 26 dependence of XRD peak of full
width at half-maximum for LiMn,Oy;
decomposition of a factor related to
Jahn-Teller strain.
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