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DEVELOPMENT OF LITHIUM ION 
BATTERY 

AKIRA YOSHINO 

lon Battery Group, Asuhi Chemical Ind., 1-1, Uchisaiwai-cho 1-chome, 
Chiyodu-ku, TOKYO, 100-8550, JAPAN 

The Lithium Ion Battery (LIB), using lithium cobalt oxide(LiCo02) as a positive electrode 
and carbonaceous material as a ncgative electrode, has been used widely for note-book per- 
sonal computers, cellular phones, camcorders and other applications. Development of this 
new battery system and recent technology trends are reviewed. 

Keywords: lithium ion battery; lithium cobalt oxide; carbonaceous material 

INTRODUCI'ION 

Commercial proauction of the Lithium Ion Battery(LII3) has started h m  
1991. Fig.1 shows annual sales 
amounta of three secondary 
batteries, Nickelcadmium 
0, Nickel-Hydrogen mi- 
MH), and JAB, in Japan &om 
1993 to 1998. 
The trend for miniaturization 
of electronic equipment, such 
as computers, mobile phones, 
has led to unprecedented p w i h  Fig.1 Annual i d e s  amounta of 
of LIB. secondary batteries in Japan 

(billion Yen) 
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426 AKIRA YOSHINO 

The application of LIB in 1997 is shown m Fig.2, 
h o s t  of all power L#IUIC(?B of 
cellular phones, notebook per- 
a o d  computers, and cam- 
corders man-in Japan 
have replaced by LIB. 
Fk?ctangdar LIB is mainly 
used for cellular phones, and 
cylindrical LIB &r notebook 
personal computers and, 
camcordera. 

Fig.2 ApplicationsofLm 

BaaicresearchonLIBstarted 
early 1980s. Fig.3 and F'ig.4 
show numbers of patent appli- 
cations in Japan related to LIB, 
annual and cumulak 
numbwa of applications, ms- 
pectively. In Fig.3, a sligfit 
incrernse of applications is ob- 
servedhm 1986 to 1988. Fig.3 Numbem ofAnnual Applications 
Tilkfactwq@Ige*thatbasic 
key technologies of LIB had developed m these periods. In ht, moat part 
of patmte in thew perioas are applications related to carbonaceaus 
materials fbr the anode. 
Rapld inu-eaae of applications 
L o k e d  h m  1992. It is 
obvious that l;hie increase WBS 

due to com-tion of LIB. 
Asahi Chemical Jndustpy Co. 
started basic research on new 
Beeondary batteries h m  1981. 
We fbcused on development of 
new anode materials in place of 
lithiumItletalaIlode. 

Fig.4 Cumulative Numbere OfApplicationa 
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DEVELOPMENT OF LITHIUM ION BATTERY 427 

The i h t  candidate hr new anode material waa Polyxxkylene, which waa 
able to be doped electmch- both p and n type[S The re&ion 
&meisaShhVS: 

p-Doping : PA + X- H P A T +  e- 

n-Doping : PA + L i + +  e" H PA-Lit 
pbped Poiyacetylene was thought aa a hopelid cathode material, and 
ale0 ndoped Polyacetyhe as a hopeihl anode material W e  fiocused on 
ndoped Polyacetylene, and m 1982 we EDund highly ndopable 
Polyacetylene, which was ndopable 1 lithium ion per 3 CH unita under 
certaincondiw. 
It means that rewrdde . capacity waa 687&g, and we 
speculated " x  ally1 complexp as the electxmk state of highly ndoped 
Polywetylene, which is &own m F'ig.6. 

Li + 
6 8 7 m A h / g  

F i g 5  Hypothesie ofelectronic state ofndoped Polyacetglene 

Unfortunately, this development waa not succeesfUl because of a lack of 
c h e d  stability and too low a real density of Polyacetylene. 
In 1984, we fbundthat wme cxubwxm materials could be ch;ryged and 
dischargedredlyinhigh e&iency, and this material waa much more 
stable and had a higher real denaity than Polyacetylene. 
We continued further investigation fbcwing OII the improvement of 
carbonaceous matmiah, and eelection of cathode materials to be combhid 
In 1985, we fbund Licoo2 was the most suitable cathode material to be 
combinedwithacarbonan&lby~Uowingreasona 
1. Licoo2 contains lithium ion, which is neceasaryduringcharHingand 

2. LiM2 is very ntable in ambient atmosphere and nevertbeleas it 
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428 AKIRA YOSHINO 

\ 1992- -1995 -1997 -1999 2000- 
Capacity 
1 s t  coulomb eff. -80% -80% -85% -85% -85% 

200mAh/g JOOmAh/g 400mAh/g SOOmAh/s 650mAh/e 

contains lithium iom 
3.LiCoO2hashighenergydeneity. 
4. LiCoO2 has very high redox potential, over 4Vvia L+&i 

CaDacitv 
-1 s t  coulomb e f f .  

A R e n v d  this new battery system, c/Licoo2, is named "Lithium Ion 
BathY(LIB)u 
ARer further development, Asahi established AgmB Corporation in 
1992, which is the jomt company with TOSHIBA group, and started 
almmercial proauction O f L I B .  

-1995 -1997 -1999 2000- 
250mAh/g 3lOmAh/g 350mAh/e 450mAh/g 
-85% -90% -92% -92% 
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DEVELOPMbNT OF IJTHIUM ION BATTERY 429 

Genaally had mbon has a higher charge/dischage capacity than gmphik, but 
grapbitehasahighaddawity(p 2)andhighervalueoffirstcovlombe~(~) 
thanhard carbon, as shown in Fig.7. 

electrolytes will lealize hth~~capaclty enhancanent of Lithium bn Batte-ry in the near 
hhm. 

Development of other materials such as new positive active materials or new 

SUMMARY 
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