52 4 2003 4
1000-3290/2003/52 04 /1023-05

ACTA PHYSICA SINICA

Vol.52 No.4 April 2003
(©2003 Chin. Phys. Soc.

Li Al ,Co,_, O,

2001 12 25
Co’t d d
cla
Li Al Co,_, O,
PACC 8100 3130 6110
1.
Li Al,Co,_, O,
LiCoO,
Ceder Neture
23
LiC002 “
? ! - sol-gel
4 Raman X
XRD Al Li Al,Co,_, O,
56
A13+
Li Al Co,_, O, .Co Co’*
i Li Al,Co,_, O,
CO3+
6 d b,
AP
Co'* d
d
* 2002 236

2002

CO3+

130023
130022

Li Al,Co,_, O, x=0.1—0.5 AP*
Co’”
Vegard
a, Co'*
Vegard
2.
120°C
100°C: h™!
3.
0.1s
X

VSM CONTROLLTER MODEL 7300

+8x10°A m™'
10min.
D/max-rA X



1024

52

CO3 +

50kV 150mA CuKa A Li Al,Co,_, O, x=0.1 0.2 0.3 0.4
=0.15405nm DS 1° SS 1° RS 0.5 A B C D E H-M
0.6mm RS, 0.6mm. 0.02° a b d e

0.2s 4000 20 10°—75°. c
4. L.
ABO; LaCoO,
la b ¢ d e 700°C 13
40
(@) 30F ]
30 -
sl Li(Alo1Co09)O; 20+ Li (Alg.2Co0.8)0s
TE 0l T& 10F
< = ol
50 3
-10F -10}
-20 20}
_30 1 1 L 1 1 L L
8 6 -4 -2 0 2 4 6 8 e T T S SO S
H/105A-m-! -8 6 -4 -2 0 2 4 6
H/10°A+m-!
40
40 (©) (@
30+ ) 30+
ol Li(Alg.3C00.7)05 ol Li (Alp.4C00.6)03
TE 10f - 10+
< of £
~ < OF
= _jof 3
E—10-
-20
30 -20 |
_40 1 1 1 1 1 1 1 —30'
-8 -6 -4 -2 0 2 4 6 8 L L L L L L L
H/10°Aem-! -8 6 -4 -2 0 2 4 6
H/10°A-m™
30 (e)
20 Li (A10,5C0(),5)Og
1o}
5
< Of
~
=
_10_
_20_
_30_
§ 6 4 2 0 2 4 6 8
H/10°A+m™!
1 700°C Li Al,Co,_, O, M-H



4 Li Al Co,_, O, Co'* 1025

dzz, dyz_ye
A B C D E

%£/1073 4.444 4.292 4.703 4.610 4.451

Al3+ dxy --------
x=0.3 Li Aly;Coy; O,

AP Li Al Co,_. O, T E— B 2

Xu = X/M + Xu + Xu
+ X \
Li Al,Co,_, O, APY O Lit
10°°
.Li Al Co,_, O,
Co'* .

) Li
Al Co,_, O, AL*
Co't d

4 Dy

T AP
Li Al ,Co,_, O, ¢ dz2

. ) . ) . . 2 2 2 2 2
0.1 0.2 0.3 0.4 0.5 0.6 d"' -y dz d-t -y
Li (AlxCo1-)0, FBILE x . XRD

Al3+
2 AP+ Li AL, Co_, O, 46
Li Al Co,_, O, . a d,,
Li Aly;Cop; O, d, d. .od,
Co’* A . AP*
AP i Al Co,_. O, F d

. Li Al Co,_, O,
Co’*  d AP .
.Li Al,Co,_, O, R3m  Co* Li Al,Co,_, O,
Co—O D,
403 Co™* 6

D, 3 4 Dy, . Li Al ,Co,_, O, cla



1026

52
c a Co’”
5 700°C Li Al,Co,_, O, Co’*
cla . 5 cla  AP* c . Vegard
x=0.3
Vegard .XRD Raman
. 2
% 700°C Li Al,Co,_, O, Fe*
ICP 3d
2 3d
Al3 + C03 +
Ca2+ Zn2+
5.03
5.02} R 5.
2 5.01f
° 1. AP* Co’” Co'*
5.00 d
4,99 - - - -
0.1 0.2 0.3 0.4 0.5 0.6 2.
Li(AlxCoy-x)O, 1182k x 3
5 700°C Li AlCo_, 0, cla Vegard
x
4 d
Co’* Li Al Co,_, O,
APY
1 Ceder G et al 1998 Nature 392 694 9 Asai K Gehring P et al 1989 Phys. Rev. B 40 10982
2 Jang Y II Huang BY et al 1999 J. Electrochem. Soc. 146 862 10 Thomton G Owen I W et al 1991 J. Phys . Condens . Matter 3 417
3 Goodenough J B and Manivannan V 1998 Denki Kagaku 12 1173 11 Wang W Q Yang F M Wang J L et al 2001 Acta Phys. Sin. 50
4 Shi Y Hao W Chen G 2000 Chem. J. Chin. Universities 4 497 752 in Chinese 2001 50
in Chinese 2000 4 752
497 12 Zhou X Liang Y Q Wang H et al 2001 Acta Phys. Sin. 50 159 in
5 Chen G Hao W J et al 2000 J. Mater. Res. 3 583 Chinese 2001 50 159
6 Hao W Shi Y Chen G 2001 Chem. J. Chin. Universities 2 21 in 13 Bhide V.G Rajoria D S Rao G R and Rao C N R 1971 Phys.
Chinese 2001 221 Rev. B 31021
7 Thomton G Tofield B C et al 1982 Solid State Commun . 44 1213 14 Minoru Inaba  Yasutoshi iriyama et al 1997 J. Raman Spectrosc .
Richter L. Bader S D et al 1980 Phys. Rev. B 22 3059 28 613



4 Li Al Co,_, O, Co'” 1027

Transformation of electronic state of Co®* and its
influence on the structural development in Li Al_Co;_, O,

Hao Wan-Jun'  Li Chang'  Wei Ying-Jin'  Chen Gang'  Xu Wu?

Key Laboratory of Automobile Materials  Ministry of Education and Department of Materials Science  Jilin University ~Changchun 130023 China
2

1

Changchun Institute of Optics and Fine Mechanics and Physics ~ Chinese Academy of Sciences  Changchun 130022 China
Received 25 December 2001  revised manuscript received 9 September 2002

Abstract
In this paper we have studied the magnetism of a new cathode material with a high energy density Li Al,Co,_, O, x=
0.1—0.5  which is used in rechargeable lithium batteries. We found that doping Al can change the spin state of d electron in
Co®*  leading to the emergence of high spin d electrons. Accompanied with this there are also some changes of the structure
development which is indicated by the obviously decreasing rate of the increasing value of ¢/a. This explains the positive devia-

tion of the structure from the Vegard law. This is very important to the design of the microstructure and properties of materials.
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