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A battery capable of improving the energy density and
improving the battery characteristics Such as cycle charac
teristics and high temperature storage characteristics is pro

vided. A cathode and an anode are oppositely arranged with
a separator in between. The open circuit Voltage in full
charge is in the range from 4.25 V to 6.00 V. The separator
has a base material layer and a surface layer. The Surface
layer opposed to the cathode is formed from at least one
from the group consisting of polyvinylidene fluoride, poly
tetrafluoroethylene, polypropylene, and aramid.
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BATTERY
CROSS REFERENCES TO RELATED
APPLICATIONS

0001. The present invention contains subject matter
related to Japanese Patent Application JP 2005-107782 filed
in the Japanese Patent Office on Apr. 4, 2005, the entire
contents of which being incorporated herein by reference.
BACKGROUND OF THE INVENTION

0002) 1. Field of the Invention
0003. The present invention relates to a battery using a
separator made of polyolefin and the like.
0004 2. Description of the Related Art
0005. In recent years, portable electronic device technol
ogy has been significantly developed. Accordingly, elec
tronic devices such as mobile phones and notebook com
puters have started to be recognized as a basic technology
Supporting the highly Sophisticated information Society.
Further, research and development for Sophisticating these
electronic devices has been actively promoted. In proportion
to Such Sophistication, the power consumption of these
electronic devices continues to be increased. On the other

hand, these electronic devices are demanded to be driven for

a long time. Therefore, a high energy density of the second
ary battery as a driving power source has been consequently
demanded.

0006. In view of the occupied volume and the weight of
the battery built in the electronic devices, a higher battery
energy density is more desirable. In these days, since lithium
ion secondary batteries have a Superior energy density, the
lithium ion secondary battery is built in most devices.
0007. In general, in the lithium ion secondary battery,
lithium cobaltate is used for the cathode, a carbon material

is used for the anode, and the operating Voltage is used in the
range from 4.2 V to 2.5 V. In an electric cell, ability to
increase the terminal Voltage up to 4.2 V highly depends on
Superior chemical stability of the nonaqueous electrolyte
material, the separator and the like.
0008. In traditional lithium ion secondary batteries oper
ating at 4.2 V at maximum, for the cathode active material
such as lithium cobaltate used for the cathode, only about
60% of the capacity to the theoretical capacity is used.
Therefore, in principle, it is possible to utilize the remaining
capacity by further increasing the charging Voltage. In fact,
it is known that a high energy density is realized by setting
the Voltage in charging to 4.25 V or more (for example, refer
to International Publication No. WO03/019713).
SUMMARY OF THE INVENTION

0009. However, in the battery setting the charging volt
age over 4.2 V. Oxidation atmosphere particularly in the
vicinity of the cathode surface is intensified. In the result, the
separator physically contacting the cathode is oxidized and
decomposed. Thereby, there is a disadvantage that micro
short circuit easily occurs particularly under the high tem
perature environment, and battery characteristics such as
cycle characteristics and high temperature storage charac
teristics are lowered.
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0010. In view of the foregoing disadvantage, in the
present invention, it is desirable to provide a battery setting
the charging Voltage over 4.2 V, which is capable of improv
ing battery characteristics such as cycle characteristics and
high temperature storage characteristics.
0011. According to an embodiment of the present inven
tion, there is provided a battery in which a cathode and an
anode are oppositely arranged with a separator in between,
wherein an open circuit Voltage in a full charge state per a
pair of the cathode and the anode is in the range from 4.25
V to 6.00 V, and at least part of the cathode side of the
separator is made of at least one from the group consisting
of polyvinylidene fluoride, polytetrafluoroethylene,
polypropylene, and aramid.
0012. According to the battery of the embodiment of the
present invention, since the open circuit Voltage in full
charge is in the range from 4.25 V to 6.00 V, a high energy
density can be obtained. Further, since at least part of the
cathode side of the separator is made of at least one from the
group consisting of polyvinylidene fluoride, polytetrafluo
roethylene, polypropylene, and aramid, chemical stability of
the separator can be improved, and occurrence of micro
short circuit can be inhibited. Therefore, the energy density
can be improved, and the battery characteristics Such as
cycle characteristics and high temperature storage charac
teristics can be improved.
0013. Other and further objects, features and advantages
of the invention will appear more fully from the following
description.
BRIEF DESCRIPTION OF THE DRAWINGS

0014 FIG. 1 is a cross section showing a structure of a
secondary battery according to an embodiment of the
present invention;
0015 FIG. 2 is a cross section showing an enlarged part
of a spirally wound electrode body in the secondary battery
shown in FIG. 1;

0016 FIG. 3 is an exploded perspective view showing a
structure of a secondary battery according to another
embodiment of the present invention;
0017 FIG. 4 is a cross section taken along line I-I of a
spirally wound electrode body shown in FIG. 3;
0018 FIG. 5 is a characteristics diagram showing float
characteristics in secondary batteries fabricated in examples:
and

0019 FIG. 6 is a characteristics diagram showing cycle
characteristics in a secondary battery fabricated in an
example.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

0020 Embodiments of the present invention will be
ings.

hereinafter described in detail with reference to the draw
First Embodiment

0021 FIG. 1 shows a cross sectional structure of a
secondary battery according to a first embodiment. The
secondary battery is a so-called lithium ion secondary bat
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tery, in which lithium (Li) is used as an electrode reactant,
and the anode capacity is expressed by the capacity com
ponent due to insertion and extraction of lithium. The
secondary battery is a so-called cylinder type battery, and
has a spirally wound electrode body 20, in which a pair of
a strip-shaped cathode 21 and a strip-shaped anode 22 is
wound with a separator 23 in between, inside a battery can
11 in the shape of approximately hollow cylinder. The
battery can 11 is made of for example, iron (Fe) plated by
nickel (Ni) and one end thereof is closed, and the other end
thereof is opened. Inside the battery can 11, a pair of
insulating plates 12 and 13 is respectively arranged perpen
dicular to the spirally wound periphery face, so that the
spirally wound electrode body 20 is sandwiched between the
insulating plates 12 and 13.
0022. At the open end of the battery can 11, a battery
cover 14, and a safety valve mechanism 15 and a PTC
(Positive Temperature Coefficient) device 16 provided
inside the battery cover 14 are attached by being caulked
through a gasket 17. Inside of the battery can 11 is thereby
hermetically sealed. The battery cover 14 is made of for
example, a material similar to that of the battery can 11. The
safety valve mechanism 15 is electrically connected to the
battery cover 14 through the PTC device 16. When the
internal pressure of the battery becomes a certain level or
more by internal short circuit, external heating or the like, a
disk plate 15A flips to cut the electrical connection between
the battery cover 14 and the spirally wound electrode body
20. When temperatures rise, the PTC device 16 limits a
current by increasing the resistance value to prevent abnor
mal heat generation by a large current. The gasket 17 is
made of for example, an insulating material and its surface
is coated with asphalt.
0023 The spirally wound electrode body 20 is wound
centering on a center pin 24. A cathode lead 25 made of
aluminum (Al) or the like is connected to the cathode 21 of
the spirally wound electrode body 20. An anode lead 26
made of nickel or the like is connected to the anode 22. The

cathode lead 25 is electrically connected to the battery cover
14 by being welded to the safety valve mechanism 15. The
anode lead 26 is welded and electrically connected to the
battery can 11.
0024 FIG. 2 shows an enlarged part of the spirally
wound electrode body 20 shown in FIG. 1. The cathode 21
has a structure in which, for example, a cathode active
material layer 21B is provided on the both faces of a cathode
current collector 21A having a pair of opposed faces.
Though not shown, the cathode active material layer 21B
may be provided on only one face of the cathode current
collector 21A. The cathode current collector 21A is made of
a metal foil such as an aluminum foil. The cathode active

material layer 21B contains, for example, as a cathode active
material, one or more cathode materials capable of inserting
and extracting lithium. If necessary, the cathode active
material layer 21B contains an electrical conductor Such as
graphite and a binder Such as polyvinylidene fluoride.
0025. As a cathode material capable of inserting and
extracting lithium, for example, a lithium-containing com
pound Such as a lithium oxide, a lithium phosphorous oxide,
a lithium sulfide, and an intercalation compound containing
lithium is appropriate. Two or more thereof may be used by
mixing. In order to improve the energy density, a lithium
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containing compound which contains lithium, transition
metal elements, and oxygen (O) is preferable. Specially, a
lithium-containing compound which contains at least one
from the group consisting of cobalt (Co), nickel, manganese
(Mn), and iron as a transition metal element is more pref
erable. Examples of lithium-containing compound include a
lithium complex oxide having a bedded salt structure shown
in Chemical formula 1, Chemical formula 2, or Chemical

formula 3; a lithium complex oxide having a spinel structure
shown in Chemical formula 4: a lithium complex phosphate
having an olivine structure shown in Chemical formula 5 or
the like. Specifically, LiNioso,COMnooO, Li CoO.
(asl), LiNiO (bs1), LiNiCoO (c1s 1, 0<c2<1),

LiMnO, (d-1), Li FePO, (e-1) or the like can be cited.
0026 (Chemical Formula 1)
LiMn(1. hNiM1 O2 Fi

0027. In the formula, M1 represents at least one from the
group consisting of cobalt, magnesium (Mg), aluminum,
boron (B), titanium (Ti), Vanadium (V), chromium (Cr),
iron, copper (Cu), Zinc (Zn), Zirconium (Zr), molybdenum
(Mo), tin (Sn), calcium (Ca), strontium (Sr), and tungsten
(W), f, g, h, j, and k are values in the range of 0.8sfs 1.2,
Osgs 0.5,0shs 0.5, g+hs 1, -0.1 s is 0.2, and Osks 0.1.
The composition of lithium varies according to charge and
discharge states. A value off represents the value in a full
discharge State.
0028 Chemical Formula 2
Lim Ni(1-M2O2-pFa

0029. In the formula, M2 represents at least one from the
group consisting of cobalt, manganese, magnesium, alumi
num, boron, titanium, Vanadium, chromium, iron, copper,
Zinc, molybdenum, tin, calcium, strontium, and tungsten. m.
n, p, and q are values in the range of 0.8sms 1.2,
0.005 sns 0.5, -0.1 sps 0.2, and Oscs 0.1. The composi
tion of lithium varies according to charge and discharge
states. A value of m represents the value in a full discharge
State.

0030 Chemical Formula 3
Li, Co(1) M3.O2-F

0031. In the formula, M3 represents at least one from the
group consisting of nickel, manganese, magnesium, alumi
num, boron, titanium, Vanadium, chromium, iron, copper,
Zinc, molybdenum, tin, calcium, strontium, and tungsten. r.
s, t, and u are values in the range of 0.8srs 1.2, Oss-0.5,
-0. 1sts 0.2, and Osus 0.1. The composition of lithium
varies according to charge and discharge states. A value of
r represents the value in a full discharge state.
0032) (Chemical Formula 4)
LiMn2 M4OF
w-x-y

0033. In the formula, M4 represents at least one from the
group consisting of cobalt, nickel, magnesium, aluminum,
boron, titanium, Vanadium, chromium, iron, copper, Zinc,
molybdenum, tin, calcium, strontium, and tungsten. V, W, X,
and y are values in the range of 0.9s vs 1.1, Osws 0.6,
3.7sxs 4.1, and 0sys 0.1. The composition of lithium
varies according to charge and discharge states. A value of
V represents the value in a full discharge state.
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0035) In the formula, M5 represents at least one from the
group consisting of cobalt, manganese, iron, nickel, mag

tizable carbon is preferable since Superior characteristics can
be obtained. Furthermore, a material with a low charge and
discharge potential, specifically a material with the charge
and discharge potential close to of lithium metal is prefer
able, since a high energy density of the battery can be easily

nesium, aluminum, boron, titanium, Vanadium, niobium,

realized.

0034) Chemical Formula 5
LiMSPO

copper, Zinc, molybdenum, calcium, strontium, tungsten,
and zirconium. Z is a value in the range of 0.9s Zs 1.1. The
composition of lithium varies according to charge and
discharge States. A value of Z represents the value in a full
discharge State.
0036) As a cathode material capable of inserting and
extracting lithium, in addition to the foregoing, an inorganic
compound not containing lithium Such as MnO, VOs,
VO, NiS, and MoS can be cited.
0037. The anode 22 has a structure in which an anode
active material layer 22B is provided on the both faces of an
anode current collector 22A having a pair of opposed faces.
Though not shown, the anode active material layer 22B may
be provided only on one face of the anode current collector
22A. The anode current collector 22A is made of for

example, a metal foil Such as a copper foil
0038. The anode active material layer 22B contains, as an
anode active material, one or more anode materials capable
of inserting and extracting lithium. If necessary, the anode
active material layer 22B contains a binder similar to of the
cathode active material layer 21B.
0039. In the secondary battery, the electrochemical
equivalent of the anode material capable of inserting and
extracting lithium is larger than the electrochemical equiva
lent of the cathode 21. In the middle of charge, lithium metal
is not precipitated on the anode 22.
0040. Further, in the secondary battery, the open circuit
Voltage when fully charged (that is, battery voltage) is
designed to fall within the range from 4.25 V to 6.00 V.
Therefore, the lithium extraction amount per unit weight is
larger than in the battery in which the open circuit Voltage
when fully charged is 4.20 V even though the same cathode
active material is used. Accordingly, the amounts of the
cathode active material and the anode active material are

adjusted. Thereby, a higher energy density can be obtained.
0041 As an anode material capable of inserting and
extracting lithium, for example, a carbon material Such as
non-graphitizable carbon, graphitizable carbon, graphite,
pyrolytic carbons, cokes, glassy carbons, an organic high
molecular weight compound fired body, carbon fiber, and
activated carbon can be cited. Of the foregoing, cokes
include pitch cokes, needle cokes, petroleum cokes and the
like. The organic high molecular weight compound fired
body is obtained by firing and carbonizing a high molecular
weight material Such as a phenol resin and a furan resin at
an appropriate temperature, and some of them are catego
rized as non-graphitizable carbon or graphitizable carbon.
As a high molecular weight material, polyacetylene, poly
pyrrole or the like can be cited. These carbon materials are
preferable, since a change in the crystal structure occurred in
charge and discharge is very Small, a high charge and
discharge capacity can be obtained, and favorable cycle
characteristics can be obtained. In particular, graphite is
preferable, since the electrochemical equivalent is large, and
a high energy density can be obtained. Further, non-graphi

0042. As an anode material capable of inserting and
extracting lithium, a material which is capable of inserting
and extracting lithium, and contains at least one of metal
elements and metalloid elements as an element can be also

cited. When Such a material is used, a high energy density
can be obtained. In particular, such a material is more
preferably used together with a carbon material, since a high
energy density can be obtained, and Superior cycle charac
teristics can be obtained. Such an anode material may be a
simple Substance, an alloy, or a compound of a metal
element or a metalloid element, or may have one or more
phases thereof at least in part. In the present invention, alloys
include an alloy containing one or more metal elements and
one or more metalloid elements, in addition to an alloy
including two or more metal elements. Further, an alloy may
contain nonmetallic elements. The texture thereof includes a

Solid solution, a eutectic crystal (eutectic mixture), an inter
metallic compound, and a tecture in which two or more
thereof coexist.

0043. As a metal element or a metalloid element com
posing the anode material, for example, magnesium, boron,
aluminum, gallium (Ga), indium (In), silicon (Si), germa
nium (Ge), tin, lead (Pb), bismuth (Bi), cadmium (Cd), silver
(Ag), Zinc, hafnium (Hf), Zirconium, yttrium (Y), palladium
(Pd), or platinum (Pt) can be cited. They may be crystalline
or amorphous.
0044 Specially, as the anode material, a material con
taining a metal element or a metalloid element of Group 4B
in the short period periodic table as an element is preferable.
A material containing at least one of silicon and tin as an
element is particularly preferable. Silicon and tin have a high
ability to insert and extract lithium, and can obtain a high
energy density.
0045. As an alloy of tin, for example, an alloy containing
at least one from the group consisting of silicon, nickel,
copper, iron, cobalt, manganese, Zinc, indium, silver, tita
nium (Ti), germanium, bismuth, antimony (Sb), and chro
mium as a second element other than tin can be cited. As an

alloy of silicon, for example, an alloy containing at least one
from the group consisting of tin, nickel, copper, iron, cobalt,
manganese, Zinc, indium, silver, titanium, germanium, bis
muth, antimony, and chromium as a second element other
than silicon can be cited.

0046. As a compound of tin or a compound of silicon, for
example, a compound containing oxygen (O) or carbon (C)
can be cited. In addition to tin or silicon, the compound may
contain the foregoing second element.
0047 As an anode material capable of inserting and
extracting lithium, other metal compound or a high molecu
lar weight material can be further cited. As other metal
compound, an oxide such as MnO, V.O.s, and V.O., a
sulfide such as NiS and MoS; or a lithium nitride such as

LiN, can be cited. As a high molecular weight material,

polyacetylene, polyaniline, polypyrrole or the like can be
cited.
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0.048. The separator 23 has a base material layer 23A and
a surface layer 23B provided on the face of the base material
layer 23A, which is opposed to the cathode 21, or the both
faces of the base material layer 23A. The surface layer 23B
may be provided on the entire surface or on part of the
surface of the base material layer 23A. In FIG. 2, the surface
layer 23B is provided only on the face of the base material
layer 23A, which is opposed to the cathode 21.
0049. The base material layer 23A is made of for
example, a porous film made of a synthetic resin Such as
polypropylene and polyethylene. The base material layer
23A may have a structure in which two or more porous films
as the foregoing porous films are layered. Specially, the
polyolefin porous film is preferable since the polyolefin
porous film has a Superior short circuit prevention effect and
is capable of improving safety of the battery by shut down
effect. In particular, as a material of the base material layer
23A, polyethylene is preferable, since polyethylene obtains
shutdown effects in the range from 100 deg C. to 160 deg C.
and has Superior chemical stability. Further, polypropylene
is also preferable. In addition, as long as a resin has chemical
stability, Such a resin may be used by being copolymerized
with polyethylene or polypropylene, or by being blended
with polyethylene or polypropylene.
0050. The surface layer 23B contains at least one from
the group consisting of polyvinylidene fluoride, polytet
rafluoroethylene, polypropylene, and aramid. Thereby,
chemical stability is improved, and occurrence of micro
short circuit is inhibited. When the surface layer 23B is
formed from polypropylene, the base material layer 23A
may be formed from polypropylene, and is structured as a
monolayer.
0051) The thickness of the surface layer 23B on the side
opposed to the cathode 21 is preferably in the range from 0.1
um to 10 um. When the thickness is small, the effect of
inhibiting occurrence of micro short circuit is Small. Mean
while, when the thickness is large, the ion conductivity is
lowered, and the Volume capacity is lowered.
0.052 The thickness of the separator 23 is preferably in
the range from 5um to 25um. When the thickness is small,
short circuit may occur. Meanwhile, when the thickness is
large, the ion conductivity is lowered, and the Volume
capacity is lowered. The air permeability of the separator 23

is preferably in the range from 200 sec/100 cm to 600
sec/100 cm as a value converting to the thickness of 20 Jum.

When the air permeability is low, short circuit may occur.
Meanwhile, when the air permeability is high, the ion
conductivity is lowered. Furthermore, the porosity of the
separator 23 is preferably in the range from 30% to 60%.
When the porosity is low, the ion conductivity is lowered.
Meanwhile, when the porosity is high, short circuit may
occur. In addition, the piercing strength of the separator 23

is preferably in the range from 0.020 N/cm to 0.061 N/cm

as a value converting to the thickness of 20 um. When the
piercing strength is low, short circuit may occur. Meanwhile,
when the piercing strength is high, the ion conductivity is
lowered.

0053 An electrolytic solution as a liquid electrolyte is
impregnated in the separator 23. The electrolytic solution
contains, for example, a solvent and an electrolyte salt
dissolved in the solvent.

0054 As a solvent, for example, a cyclic ester carbonate
Such as ethylene carbonate and propylene carbonate can be

Oct. 5, 2006

used. One of ethylene carbonate and propylene carbonate is
preferably used. In particular, the mixture of the both is more
preferably used. Thereby, cycle characteristics can be
improved.
0055 As a solvent, further, a chain ester carbonate such
as diethyl carbonate, dimethyl carbonate, ethyl methyl car
bonate, and methyl propyl carbonate is preferably mixed
with the foregoing cyclic ester carbonate. Thereby, high ion
conductivity can be obtained.
0056. As a solvent, furthermore, 2,4-difluoro anisole or
vinylene carbonate is preferably contained. 2,4-difluoroani
sole can improve the discharge capacity, and vinylene car
bonate can improve the cycle characteristics. Therefore, a
mixture of 2,4-difluoro anisole and vinylene carbonate is
preferably used, since the discharge capacity and the cycle
characteristics can be improved.
0057. In addition, as other solvent, butylene carbonate,
Y-butyrolactone, Y-Valerolactone, 1,2-dimethoxyethane, tet
rahydrofuran, 2-methyl tetrahydrofuran, 1,3-dioxolan,
4-methyl-1,3-dioxolan, methyl acetate, methyl propionate,
acetonitrile, glutaronitrile, adiponitrile, methoxy acetoni
trile, 3-methoxy propylonitrile, N,N-dimethylformamide,
N-methylpyrolidinone, N-methyl oxazolidinone, N,N-dim
ethyl imidazolidinone, nitromethane, nitroethane, Sulfolane,
dimethyl sulfoxide, and trimethyl phosphate can be cited.
0058. In some cases, a compound obtained by substitut
ing at least part of hydrogen of the foregoing solvent with
fluorine is preferable, since Such a compound may improve
reversibility of electrode reaction depending on the electrode
type to be combined.
0059. As an electrolyte salt, for example, a lithium salt
can be cited. One lithium salt may be used singly, or two or
more lithium salts may be used by mixing. As a lithium salt,
LiPF LiBF LiASF LiCIO, LiB(CH), LiCHSO,
LiCFSO, LiN(SOCF), LiC(SOCF), LiAlCl4, LiSiF.
LiCl, lithium difluorooxalato-O,O' borate, lithium bis
oxalate borate, LiBr or the like can be cited. Specially, LiPF
is preferable since high ion conductivity can be obtained,
and the cycle characteristics can be improved.
0060. The secondary battery can be manufactured, for
example, as follows.
0061 First, for example, a cathode active material, an
electrical conductor, and a binder are mixed to prepare a
cathode mixture, which is dispersed in a solvent such as
N-methyl-2-pyrrolidone to obtain a paste cathode mixture
slurry. Next, the cathode current collector 21A is coated with
the cathode mixture slurry, the solvent is dried, and the
resultant is compression-molded by a rolling press machine
or the like to form the cathode active material layer 21B and
thereby forming the cathode 21.
0062 Further, for example, an anode active material and
a binder are mixed to prepare an anode mixture, which is
dispersed in a solvent such as N-methyl-2-pyrrolidone to
obtain paste anode mixture slurry. Next, the anode current
collector 22A is coated with the anode mixture slurry, the
Solvent is dried, and the resultant is compression-molded by
a rolling press machine or the like to form the anode active
material layer 22B and thereby forming the anode 22.
0063 Subsequently, the cathode lead 25 is attached to the
cathode current collector 21A by welding or the like, and the
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anode lead 26 is attached to the anode current collector 22A

by welding or the like. After that, the cathode 21 and the
anode 22 are wound with the separator 23 in between. The
end of the cathode lead 25 is welded to the safety valve
mechanism 15, and the end of the anode lead 26 is welded

to the battery can 11. The wound cathode 21 and the wound
anode 22 are sandwiched between the pair of insulating
plates 12 and 13, and contained inside the battery can 11.
After the cathode 21 and the anode 22 are contained inside

the battery can 11, an electrolytic solution is injected into the
battery can 11 and impregnated in the separator 23. After
that, at the open end of the battery can 11, the battery cover
14, the safety valve mechanism 15, and the PTC device 16
are fixed by being caulked through the gasket 17. The
secondary battery shown in FIG. 1 is thereby completed.
0064. In the secondary battery, when charged, lithium
ions are extracted from the cathode active material layer 21B
and inserted in the anode material capable of inserting and
extracting lithium contained in the anode active material
layer 22B through the electrolytic solution. Next, when
discharged, the lithium ions inserted in the anode material
capable of inserting and extracting lithium in the anode
active material layer 22B is extracted, and inserted in the
cathode active material layer 21B through the electrolytic
Solution. Here, since the separator 23 has the foregoing
structure, the chemical stability is improved. Even when the
open circuit Voltage when fully charged is increased, occur
rence of micro short circuit is inhibited, and the battery
characteristics are improved.
0065. As above, in this embodiment, since the open
circuit Voltage when fully charged is in the range from 4.25
V to 6.00 V. Therefore, a high energy density can be
obtained. Further, the layer made of at least one from the
group consisting of polyvinylidene fluoride, polytetrafluo
roethylene, polypropylene, and aramid is provided on at
least the side of the separator, which is opposed to the
cathode 21. Therefore, chemical stability of the separator 23
can be improved, and occurrence of micro short circuit can
be inhibited. Consequently, the energy density can be
improved, and the battery characteristics such as cycle
characteristics and high temperature storage characteristics
can be improved.
Second Embodiment

0.066 A secondary battery according to a second embodi
ment of the present invention is a so-called lithium metal
secondary battery, in which the anode capacity is expressed
by the capacity component due to precipitation and disso
lution of lithium as an electrode reactant.

0067. The secondary battery has a structure and effects
similar to of the secondary battery according to the first
embodiment, except that the anode active material layer 22B
has a different structure. Therefore, descriptions will be
given by using the same symbols for the corresponding
components with reference to FIG. 1 and FIG. 2. Descrip
tions of the same components will be omitted.
0068 The anode active material layer 22B is formed
from lithium metal as an anode active material, and can

obtain a high energy density. The anode active material layer
22B may already exist when the battery is assembled.
Otherwise, it is possible that the anode active material layer
22B does not exist when assembling the battery, and is made
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of lithium metal precipitated when the battery is charged.
Otherwise, it is possible that the anode active material layer
22B is utilized as a current collector and the anode current
collector 22A is omitted.

0069. The secondary battery can be manufactured in the
same manner as the secondary battery according to the first
embodiment, except that the anode 22 is made of only the
anode current collector 22A, made of only lithium metal, or
made by forming the anode active material layer 22B by
bonding lithium metal to the anode current collector 22A.
0070. In the secondary battery, when charged, for
example, lithium ions are extracted from the cathode 21 and
precipitated as lithium metal on the Surface of the anode
current collector 22A through the electrolytic solution. In the
result, the anode active material layer 22B is formed as
shown in FIG. 2. When discharged, for example, lithium
metal is eluted as lithium ions from the anode active material

layer 22B, and inserted in the cathode 21 through the
electrolytic solution. Here, since the separator 23 has the
foregoing structure, the chemical stability is improved. Even
when the open circuit Voltage in full charge is increased,
occurrence of micro short circuit is inhibited, and the battery
characteristics are improved.
Third Embodiment

0071. A secondary battery according to a third embodi
ment of the present invention is a secondary battery, in
which the anode capacity includes the capacity component
due to insertion and extraction of lithium as an electrode

reactant and the capacity component due to precipitation and
dissolution of lithium, and is expressed by the sum thereof.
0072 The secondary battery has a structure and effects
similar to of the secondary battery of the first or the second
embodiment, except that the structure of the anode active
material layer is different, and can be similarly manufac
tured. Therefore, here, descriptions will be given by using
the same symbols with reference to FIG. 1 and FIG. 2.
Detailed descriptions for the same components will be
omitted.

0073. In the anode active material layer 22B, for
example, by setting the charging capacity of the anode
material capable of inserting and extracting lithium to the
value Smaller than the charging capacity of the cathode 21,
lithium metal begins to be precipitated on the anode 22 when
the open circuit Voltage (that is, battery Voltage) is lower
than the overcharge Voltage in the charging process. There
fore, in the secondary battery, both the anode material
capable of inserting and extracting lithium and lithium metal
function as an anode active material, and the anode material

capable of inserting and extracting lithium is a base material
when the lithium metal is precipitated.
0074 The overcharge voltage means the open circuit
voltage when the battery overcharged. For example, the
overcharge Voltage means a higher Voltage than the open
circuit voltage of the battery, which is “fully charged.”
described in and defined by “Guideline for Safety Assess
ment of lithium secondary batteries' (SBAG1101), which is
one of the guidelines specified by Japan Storage Battery
Industries Incorporated (Battery association of Japan). In
other words, the overcharge Voltage means a higher Voltage
than the open circuit Voltage after charge by using charging
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method used in obtaining nominal capacities of each battery,
a standard charging method, or a recommended charging
method.

0075. The secondary battery is similar to traditional
lithium ion secondary batteries in view of using the anode
material capable of inserting and extracting lithium for the
anode 22. Further, the secondary battery is similar to tradi
tional lithium metal secondary batteries in view that lithium
metal is precipitated on the anode 22. However, in the
secondary battery, lithium metal is precipitated on the anode
material capable of inserting and extracting lithium.
Thereby, a high energy density can be obtained, and cycle
characteristics and rapid charge characteristics can be
improved.
0076. In the secondary battery, when charged, lithium
ions are extracted from the cathode 21, and firstly inserted
in the anode material capable of inserting and extracting
lithium contained in the anode 22 through the electrolytic
solution. When further charged, in a state that the open
circuit Voltage is lower than the overcharge Voltage, lithium
metal begins to be precipitated on the Surface of the anode
material capable of inserting and extracting lithium. After
that, until charge is finished, lithium metal continues to be
precipitated on the anode 22. Next, when discharged, first,
lithium metal precipitated on the anode 22 is eluted as ions,
which are inserted in the cathode 21 through the electrolytic
solution. When further discharged, lithium ions inserted in
the anode material capable of inserting and extracting
lithium in the anode 22 are extracted, and inserted in the

cathode 21 through the electrolytic solution. Here, since the
separator 23 has the foregoing structure, the chemical sta
bility is improved. Even when the open circuit voltage in full
charge is increased, occurrence of micro short circuit is
inhibited, and the battery characteristics are improved.
Fourth Embodiment

0077 FIG. 3 shows a structure of a secondary battery
according to a fourth embodiment of the present invention.
In the secondary battery, a spirally wound electrode body 30
on which a cathode lead 31 and an anode lead 32 are

attached is contained inside a film package member 40.
Therefore, the size, the weight, and the thickness thereof can
be reduced.

0078. The cathode lead 31 and the anode lead 32 are
respectively directed from inside to outside of the package
member 40 in the same direction, for example. The cathode
lead 31 and the anode lead 32 are respectively made of, for
example, a metal material Such as aluminum, copper, nickel,
and stainless, and are in the shape of thin plate or mesh.
0079 The package member 40 is made of a rectangular
aluminum laminated film, in which, for example, a nylon
film, an aluminum foil, and a polyethylene film are bonded
together in this order. The package member 40 is, for
example, arranged so that the polyethylene film side and the
spirally wound electrode body 30 are opposed, and the
respective outer edges are contacted to each other by fusion
bonding or an adhesive. Adhesive films 41 to protect from
outside air intrusion are inserted between the package mem
ber 40 and the cathode lead 31, the anode lead 32. The

adhesive film 41 is made of a material having contact
characteristics to the cathode lead 31 and the anode lead 32,
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for example, is made of a polyolefin resin Such as polyeth
ylene, polypropylene, modified polyethylene, and modified
polypropylene.
0080. The exterior member 40 may be made of a lami
nated film having other structure, a high molecular weight
film Such as polypropylene, or a metal film, instead of the
foregoing aluminum laminated film.
0081 FIG. 4 shows a cross sectional structure taken
along line I-I of the spirally wound electrode body 30 shown
in FIG. 3. In the spirally wound electrode body 30, a pair of
cathode 33 and anode 34 are layered with a separator 35 and
an electrolyte layer 36 in between and wound. The outer
most periphery thereof is protected by a protective tape 37.
0082 The cathode 33 has a structure in which a cathode
active material layer 33B is provided on one face or both
faces of a cathode current collector 33A. The anode 34 has

a structure, in which an anode active material layer 34B is
provided on one face or both faces of an anode current
collector 34A. Arrangement is made so that the anode active
material layer 34B side is opposed to the cathode active
material layer 33B. The structures of the cathode current
collector 33A, the cathode active material layer 33B, the
anode current collector 34A, the anode active material layer
34B, and the separator 35 are similar to of the cathode
current collector 21A, the cathode active material layer 21B,
the anode current collector 22A, the anode active material

layer 22B, and the separator 23 respectively described in the

first to the third embodiments.

0083. The electrolyte layer 36 is so-called gelatinous,
containing an electrolytic Solution and a high molecular
weight compound to become a holding body, which holds
the electrolytic solution. The gelatinous electrolyte layer 36
is preferable, since high ion conductivity can be obtained
and liquid leakage of the battery can be prevented. The
composition of the electrolytic Solution (that is, a solvent, an
electrolyte salt and the like) is similar to of the secondary
batteries according to the first to the third embodiments. As
a high molecular weight compound, for example, polyacry
lonitrile, polyvinylidene fluoride, a copolymer of polyvi
nylidene fluoride and hexafluoropropylene, polytetrafluoro
ethylene, polyhexafluoropropylene, polyethylene oxide,
polypropylene oxide, polyphosphaZene, polysiloxane, poly
vinyl acetate, polyvinyl alcohol, polymethylmethacrylate,
polyacrylic acid, polymethacrylic acid, styrene-butadiene
rubber, nitrile-butadiene rubber, polystyrene, or polycarbon
ate can be cited. In particular, in view of chemical stability,
polyacrylonitrile, polyvinylidene fluoride, polyhexafluoro
propylene, or polyethylene oxide is preferable.
0084. The secondary battery can be manufactured, for
example, as follows.
0085 First, the cathode 33 and the anode 34 are respec
tively coated with a precursor Solution containing a solvent,
an electrolyte salt, a high molecular weight compound, and
a mixed solvent. The mixed solvent is volatilized to form the

electrolyte layer 36. After that, the cathode lead31 is welded
to the end of the cathode current collector 33A, and the
anode lead 32 is welded to the end of the anode current

collector 34A. Next, the cathode 33 and the anode 34 formed

with the electrolyte layer 36 are layered with the separator
35 in between to obtain a lamination. After that, the lami

nation is wound in the longitudinal direction, the protective
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tape 37 is adhered to the outermost periphery thereof to form
the spirally wound electrode body 30. Lastly, for example,
the spirally wound electrode body 30 is sandwiched between
the package members 40, and outer edges of the exterior
members 40 are contacted by thermal fusion bonding or the
like to enclose the spirally wound electrode body 30. Then,
the adhesive films 41 are inserted between the cathode lead

31, the anode lead 32 and the exterior member 40. Thereby,
the secondary battery shown in FIG. 3 and FIG. 4 is
completed.
0086). Otherwise, the secondary battery may be fabricated
as follows. First, the cathode 33 and the anode 34 are formed
as described above, and the cathode lead 31 and the anode
lead 32 are attached on the cathode 33 and the anode 34.

After that, the cathode 33 and the anode 34 are layered with
the separator 35 in between and wound. The protective tape
37 is adhered to the outermost periphery thereof, and a
spirally wound body as a precursor of the spirally wound
electrode body 30 is formed. Next, the spirally wound body
is sandwiched between the exterior members 40, the periph
eral edges except for one side are thermally fusion-bonded
to obtain a pouched State, and the spirally wound body is
contained inside the exterior member 40. Subsequently, an
electrolytic composition containing a solvent, an electrolyte
salt, a monomer as a raw material for the high molecular
weight compound, a polymerization initiator, and if neces
sary other material Such as a polymerization inhibitor is
prepared, which is injected into the package member 40.
0087. After the electrolytic composition is injected, the
opening of the package member 40 is thermally fusion
bonded and hermetically sealed in the vacuum atmosphere.
Next, the resultant is heated to polymerize the monomer to
obtain a high molecular weight compound. Thereby, the
gelatinous electrolyte layer 36 is formed, and the secondary
battery shown in FIG. 3 is assembled.
0088. The secondary battery provides action and effects
similar to of the secondary batteries according to the first to
the third embodiments.
EXAMPLES

0089. Further, specific examples of the present invention
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trometry (ASS), the composition of LiNio soCocoMinoso.O.
was verified. Further, when the particle diameter was mea
Sured by laser diffraction method, the average particle diam
eter was 13 lum. Further, when X-ray diffraction measure
ment was conducted, it was confirmed that the measurement

result was similar to the pattern of LiNiO listed in No.
09-0063 of the ICDD (International Center for Diffraction
Data) card, and a layered sodium chloride structure similar
to of LiNiO, was formed. Furthermore, when the obtained
lithium complex oxide powder was observed by Scanning
Electron Microscope (SEM), spherical particles, in which
primary particles being from 0.1 um to 5 um in size were
aggregated, were observed.
0092. The obtained LiNioso,CoooMnooO powder,
graphite as an electrical conductor, polyvinylidene fluoride
as a binder were mixed at a weight ratio of

LiNiCoo20 MnogoO,

powder:graphite:polyvinylidene

fluoride=86:10:4 to prepare a cathode mixture. Subse
quently, the cathode mixture was dispersed in N-methyl-2pyrrolidone as a solvent to obtain cathode mixture slurry.
The both faces of the cathode current collector 21A made of

a strip-shaped aluminum foil being 20 um thick were
uniformly coated with the cathode mixture slurry, which was
dried and compress-molded by a rolling press machine to
form the cathode active material layer 21B and thereby
forming the cathode 21. The thickness of the cathode 21 was
150 Lum. After that, the cathode lead 25 made of aluminum
was attached to one end of the cathode current collector
21A.

0093. Further, spheroidal graphite powder being 30 um in
average particle diameter as an anode active material and
polyvinylidene fluoride as a binder were mixed at a weight
ratio of spheroidal graphite powder:polyvinylidene fluo
ride=90:10 to prepare an anode mixture. Subsequently, the
anode mixture was dispersed in N-methyl-2-pyrrolidone as
a solvent to obtain anode mixture slurry. The both faces of
the anode current collector 22A made of a strip-shaped
copper foil being 15 um thick were uniformly coated with
the anode mixture slurry, which was provided with hot press
molding to form the anode active material layer 22B and
thereby forming the anode 22. The thickness of the anode 22
was 160 m. After that, the anode lead 26 made of nickel

will be described in detail.

was attached to one end of the anode current collector 22A.

Examples 1-1 to 1-4
0090 Batteries, in which the capacity of the anode 22
was expressed by the capacity component due to insertion

insertion and extraction of lithium.

and extraction of lithium, that is, so-called lithium ion

secondary batteries were fabricated. Then, the battery shown
in FIG. 1 was fabricated.

0.091 First, a cathode active material was formed. As an
aqueous solution, commercially available nickel nitrate,
cobalt nitrate, and manganese nitrate were mixed so that the
mol ratios of Ni, Co, Mn became 0.50, 0.20, and 0.30,

respectively. After that, while the mixture was sufficiently
agitated, ammonia water was dropped into the mixed solu
tion to obtain a complex hydroxide. The complex hydroxide
and lithium hydroxide were mixed, the mixture was fired for
10 hours at 900 deg C. by using an electric furnace, and
pulverized to obtain lithium complex oxide powder as a
cathode active material. When the obtained lithium complex
oxide powder was analyzed by Atomic Absorption Spec

The electrochemical equivalent ratio between the cathode 21
and the anode 22 was designed so that the capacity of the
anode 22 was expressed by the capacity component due to

0094. After the cathode 21 and the anode 22 were respec
tively formed, the separator 23 made of a microporous film
was prepared. Then, the anode 22, the separator 23, the
cathode 21, and the separator 23 were layered in this order,
and the resultant lamination was spirally wound many times.
Thereby, the jelly roll type spirally wound electrode body 20
was formed. As shown in Table 1, in Example 1-1, the
separator 23 in which the both faces of the base material
were coated with polyvinylidene fluoride so that each thick
ness of the coat became 2 um was used. In Example 1-2, the
separator 23 in which the base material face on the side
opposed to the cathode 21 was coated with polytetrafluoro
ethylene so that the thickness of the coat became 7 um was
used. In Example 1-3, the separator 23 in which the both
faces of the base material were coated with polypropylene so
that each thickness of the coat became 2 um was used. In
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Example 1-4, the separator 23 in which the base material
face on the side opposed to the cathode 21 was coated with
aramid so that the thickness of the coat became 3 um was
used. For the base material, polyethylene being 16 um thick
was used.
TABLE 1.

Surface layer
Base material

Example 1-1 Polyethylene

Cathode side

Polyvinylidene fluoride

Anode side

Polyvinylidene
fluoride

Example 1-2
Example 1-3

Polytetrafluoroethylene
Polypropylene

Example 1-4

Aramid

Comparative Polyethylene
example 1-1

—

—
Polypropylene

0095. After the spirally wound electrode body 20 was
formed, the spirally wound electrode body 20 was sand
wiched between the pair of insulating plates 12 and 13. The
anode lead 26 was welded to the battery can 11, the cathode
lead 25 was welded to the safety valve mechanism 15, and
the spirally wound electrode body 20 was contained inside
the battery can 11 made of nickel-plated iron. After that, 4.0
g of an electrolytic Solution was injected into the battery can
11 by depressurization method.
0096. For the electrolytic solution, an electrolytic solu
tion obtained by dissolving LiPF as an electrolyte salt in a
mixed solvent of ethylene carbonate, dimethyl carbonate,
and vinylene carbonate at a weight ratio of ethylene car
bonate:dimethyl carbonate:Vinylene carbonate=35:60:1 so
that LiPF became 1.5 mol/kg was used.
0097. After the electrolytic solution was injected into the
battery can 11, by caulking the battery can 11 with the
battery cover 14 through the gasket 17 with the surface
coated with asphalt, cylinder type secondary batteries being
14 mm in diameter and 65 mm in height were obtained for
Examples 1-1 to 1-4.
0.098 As Comparative example 1-1 relative to Examples
1-1 to 1-4, a secondary battery was fabricated in the same
manner as in Examples 1-1 to 1-4, except that polyethylene
being 16 um thick was used as the separator 23.
0099 For the obtained secondary batteries of Examples
1-1 to 1-4 and Comparative example 1-1, high temperature
storage characteristics and cycle characteristics were exam
ined.

0100 For high temperature storage characteristics, after
constant current charge was performed by a constant current
of 1000 mA until the battery voltage reached 4.4 V in the
constant temperature bath set at 60 deg C., constant Voltage
charge was performed at 4.4 V. Then, fluctuations of the
charging current values, that is, float characteristics were
obtained. The results are shown in FIG. 5.

0101 For cycle characteristics, after constant current
charge was performed at a constant current of 1000 mA until
the battery Voltage reached 4.40 V, constant Voltage charge
was performed for 1 hour at a constant voltage of 4.40 V.
Subsequently, constant current discharge was performed at a
constant current of 2000 mA until the battery voltage
reached 3 V. Such charge and discharge were repeated. The

discharge capacity retention ratio at a given cycle to the
discharge capacity at the first cycle was obtained as (dis
charge capacity at a given cycle/discharge capacity at the
first cycle)x100 (%). The results of Example 1-3 and Com
parative example 1-1 are shown in FIG. 6.
0102) As evidenced by FIG. 5, in Examples 1-1 to 1-4
using the separator 23, in which the base material was coated
with polyvinylidene fluoride, polypropylene, polytetrafluo
roethylene, or aramid, when time lapsed, the charging cur
rent rise was not shown. Meanwhile, in Comparative
example 1-1 using the separator, in which the base material
was not coated with polyvinylidene fluoride, polypropylene,
polytetrafluoroethylene, or aramid, it was confirmed that
when about 70 hours lapsed, charging current rise was
shown, and micro short circuit occurred.

0103). Further, as evidenced by FIG. 6, according to
Example 1-3 using the separator 23, in which the base
material was coated with polypropylene, decrease in the
discharge capacity retention ratio corresponding to repeti
tion of cycles was Smaller than in Comparative example 1-1
using the separator, in which the base material was not
coated with polypropylene.
0.104) That is, it was found that in the battery, in which the
open circuit Voltage in full charge was in the range from 4.25
V to 6.00 V, when at least part of the cathode side of the
separator 23 was made of at least one from the group
consisting of polyvinylidene fluoride, polytetrafluoroethyl
ene, polypropylene, and aramid, battery characteristics Such
as cycle characteristics and high temperature storage char
acteristics could be improved.
0105 The present invention has been described with
reference to the embodiments and the examples. However,
the present invention is not limited to the foregoing embodi
ments and the foregoing examples, and various modifica
tions may be made. For example, in the foregoing embodi
ments and the foregoing examples, descriptions have been
given of the case using lithium as an electrode reactant.
However, the present invention can be applied to the case
using other Group 1A element Such as sodium (Na) and
potassium (K), a Group 2A element Such as magnesium and
calcium (Ca), other light metal Such as aluminum, or an
alloy of lithium or the foregoing as well, and similar effects
can be thereby obtained. Then, for the anode active material,
the anode material as described in the foregoing embodi
ments can be similarly used.
0106 Further, in the foregoing embodiments and the
foregoing examples, descriptions have been given of the
secondary battery having the spirally wound structure. How
ever, the present invention can be similarly applied to a
secondary battery having a structure in which a cathode and
an anode are folded or a secondary battery having a structure
in which a cathode and an anode are layered. In addition, the
present invention can be applied to a secondary battery Such
as a so-called coin type battery, a button type battery, and a
square type battery.
0.107. It should be understood by those skilled in the art
that various modifications, combinations, Sub-combinations

and alternations may occur depending on design require
ments and other factors insofar as they are within the scope
of the appended claims or the equivalents thereof.
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What is claimed is:

1. A battery in which a cathode and an anode are oppo
sitely arranged with a separator in between,
wherein an open circuit Voltage in a full charge state per
a pair of the cathode and the anode is in the range from
4.25 V to 6.00 V, and

at least part of the cathode side of the separator is made
of at least one from the group consisting of polyvi
nylidene fluoride, polytetrafluoroethylene, polypropy
lene, and aramid.

2. The battery according to claim 1, wherein the separator
has: a base material layer made of a polyolefin porous film;
and a surface layer which is provided on the cathode side of
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the base material layer, and is made of at least one from the
group consisting of polyvinylidene fluoride, polytetrafluo
roethylene, polypropylene, and aramid.
3. The battery according to claim 2, wherein the base
material layer contains at least one of polyethylene and
polypropylene.
4. The battery according to claim 1, wherein the anode
contains a carbon material.

5. The battery according to claim 1, wherein the anode
contains at least one from the group consisting of graphite,
graphitizable carbon, and non-graphitizable carbon.

