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' — Table 1 Materials used for lithium ion batteries
Discharge Positive active material LiCoO, (LiNiO,, LiMn,0,)
-— Negative active material Carbonaceous material
Electrolyte solvent Propylene carbonate, Ethylene car-
- bonate
Separator | T Dimethyl carbonate, Diethyl carbonate
® 000 o Electrolyte salt LiBF4, LiPFy
Positive o OOO | Negative Separator Microporous film of polyolefin
Electrode .0.0 3 Flectrode Current collector Al foil, Cu foil
0 00 Binder PVDF, PTFE, SBR
(o) @)
"0°0 O"
o0 o
Electrolyte U
bns.

O Ozxygen o Metal atom(Co) eLithium ion ® Carbon

Charge
LiCoO, + C, Li;,CoO,

Discharge

+ C,Li,

Fig. 2 Reaction scheme of lithium ion battery.
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Fig. 3 Cell structure of lithium ion battery.
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Fig. 4 Energy density of lithium ion battery.
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Fig. 5 Increase in energy density of lithium ion batteries.
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Fig. 6 Uses of lithium ion battery in 1997 (B¥=10° yen).
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Table 2 Classification of batteries

Aqueous electrolyte Nonaqueous electrolyte

Zinc/Manganese Lithium metal battery
Alkali Manganese
Zinc/Silver oxide
Zinc/Air

Lead Acid
Nickel/Cadmium

Nickel/Metal hydride

Primary

Secondary Lithium ion battery
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Fig. 7 Dendrite of deposited lithium metal.
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Fig. 10 IR spectra of SEI and decomposed compounds.
(a) The IR spectra of SEI on polyacetylene.
(b) The differential IR spectra of SEI.
(c) The IR spectra of SEI after exposure to at-
mosphere.
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Fig. 11 Reaction scheme of SEI formation and decomposi-
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Fig. 12 IR spectra of SEI and the decomposed compounds.
(a) The IR spectra of SEI on carbon.
(b) The IR spectra of SEI after exposure to at-
mosphere.
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Table 3 Composition of negative electrodes

Negative active material Graphite
Hard carbon
Soft carbon
Binder PVDF

SBR
Fluororubber
Graphite
Carbon black
Copper foil

Electroconductive filler

Current collector

Table 4 Composition of positive electrodes

Positive active material LiCo0, (LiNiO5) (LiMn,0,)
Binder PVDF

PTFE

Fluororubber

Graphite

Carbon black

Aluminum foil

Electroconductive filler

Current collector

0.695

Pitch
carbon fiber

g 0.69 \\

<

S ]

g 0.685 PN

5 carbon fiberPNN—23Y

(@)

o 0.68 |

= __—

o] Meso pitch

— 0675 carbon fiber \
0.67 ' ’ :

1000 1500 2000 2500 3000
Temperature /C

Fig. 13 Relationships between lattice parameter and heat
treatment temperature.
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Fig. 14 Charge discharge curves of various carbon materials.
@ : Graphite, @ : soft carbon, @ : hard carbon, @ : low temperature treated carbon.

HEBEOKR

DIEIRBER > @R b > ORE > Q5 2tk
FERBBNER DK

ORSVE > Ok Bor btk = @ 5 R btk > OIKIEFER
CANADE AV

ORSVE > Ok BEr btk > @ 5 i bk > OIKIRFER
Fig. 153 N 6O &N — RV OBIBICHE S KEBREOE
EARTEDTH5S. D LD OMEHEHORFBEI R B
ENTEY, LHOMRFAPRE SN TN 5918,
BEHKR SN TWA YU F 7 LA/ ZREMRD & RFEHT I,
FELTORHE (5774 ) EQMESEME(N—F 71—
VIBHWHRTWA.
43 EEMH
218 KU 32T/ DI F I LA IV REICHW
ODNAEBMEHIV F I LA TV HEH L TWAH I EPUNETH
. VFIAEA TV e LIAbEY TR EMAERME S L
THRET 2T TL7e <, BIEALNTWAILE EL Tid
2 /%b F % LiCoOy, = v # L% LiNiOy, < v 4 v % Li (Mn,
0)D=2Th5s. COFTHEOHBHTHOLNTWSLDIL
K3 LiCo0, TH Y, I < —#T LiMnyOy) VBN TV 5.
LiC00,, LiNiO,, Li (Mn,0,) {Z Table 5 I R4 £ 512, FhZFh
—R—E D VIREMICHEED B\ LiCoO, 8E L THWHR
TWh. Tl v IVR, XVUAVRICOWTE, INHOH#
TP TXLSBRARSE T TV 5.

o
(=3
(=]

w
(=4
(=]

Discharge capacity /mAhg™
3
o

[5~]
(=3
(=]

100

0

750 1000 1250 1500 1750 2000 2250 2500 2750 3000

Temperature /°C

Fig. 15 Relationship between discharge capacity and heat
treatment temperature.

Table 5 Comparison of positive active materials

Discharge capacity/mAhg-! Stability
LiCo0, 135 Fair
LiNiO, 180—200 Poor
LiMn,0, 110 Excellent
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Table 6 Polymers used for binder

Poly (vinyliden fluoride)

Poly (tetrafluoroethylene)
VDF-TFE-HFP copolymer
Styrene-butadiene copolymer
Polyimide
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Fig. 16 Increase in capacity of lithium ion battery 18650.
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Table 7 Improvement of carbonaceous materials

Hard carbon

1992<  >1995 >1997 >1999 2000<

Capacity/mAhg-! =200 =300 =400 =500 =650

1st coulomb eff. =80% =80% =85% =85% =85%
Graphite

>1995 >1997 >1999 2000<
Capacity/mAhg-! =250 =310 =350 =450
1st coulomb eff. =85% =90% =92% =92%
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Fig. 17 Simulation of cell capacity for lithium ion battery
18650 (I).
p2=1.10 g/cm3 (p2: bulk density of negative elec-
trode), O: n=85%, [ 1: n=80%, A\: n=75% (n: the
first coulomb efficiency).
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Fig. 18 Simulation of cell capacity for lithium ion battery
18650 (I1).
p2=1.40 g/cm3 (p2: bulk density of negative elec-
trode), O: n=95%, [ 1: n=90%, /\: n=85% (n: the
first coulomb efficiency).
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Fig. 19 Simulation of cell capacity for lithium ion battery
18650 (I11) .
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Fig. 20 Simulation of cell capacity for lithium ion battery
18650 (IV).
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Development of Lithium lon Battery and Recent Technology Trends
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Sumida-ku, Tokyo 130-6591 Japan
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Lithium ion battery has been widely used for cellular phones, notebook personal computers and cam-
corders.

Development and technology trend of lithium ion battery are reviewed. The origin of lithium ion bat-
tery was the research on secondary battery using an electroconductive polymer, polyacetylene, as the
negative electrode. Then the focus was shifted from polyacetylene to carbonaceous materials which also
have 7 electrons. They were combined with a lithium ion-containing metal oxide, LiCoO, as the positive
electrode.

Capacity of the lithium ion battery has been increased every year and present capacity is twice as much
as the initial value.

This improvement of capacity has been achieved by improvement of carbonaceous materials.



