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TITLE OF THE INVENTION

Novel battery and method for producing the same

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a novel battery
and a method for producing the same. More particular-
ly, the present invention is concerned with a battery
comprising a positiVe electrode comprising a cathode
éctive materiéi layer, a negative electrode comprising
an' anode active material layer, and a porous separator
disposed between the positive electrode and the nega-
tive electrode, wherein the posifive electrode, the

negative electrode and the separator are disposed-in a

-casing containing an electrolyte, and wherein the

porous separator compiises at least one layer of an
aggregate form of particles of at ieast one insulating:
substance, the layer of the aggregate form_of particles
having a three-dimensional network of voids which
function as pores in the porous separator and which are
capable of passing ions therethrough. The present
invention is also concerned with a method for producing
the above-mentioned novel bat%ery. Thenbattery of the
present invention is advantageous not'only in that the
battery exhibits excellent discharge characteristics

even at a high discharge current density without sacri-
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' ficing safety, but also in that the amount of active

materials which can be accommodated in the battery per
unit volume thereof is large, as compared to the

amounts in the case of conventional batteries.

Prior Art

In recent years, various demands have beén made on
electrical applianceé, wherein the electrical applianc-
es should be reduced in size and weight, wherein they
should have multifunctionality and wherein they should
be codeless (portable). For meeting these demands,

development of high performance batteries has been

" vigorously studied. Batteries can be generally classi-~

fied into a primary battery which is not rechargeable
and a secondary batter§ Which.is rechargeable so that
it can be repeatedly used. Examples of primary batter-
ies include a manganese dioxide battery and an alkaline
manganese dioxide dry cell. With respect to these
primary batteries, wvarious improvements have been made, -
and the primary batteries aie used in a wide wvariety of
fields. On the other'hand, examples of secondary
batteries include a lead storage battery, a nickel-
cadmium battéry and a nickel-hydrogen battery. Recent-

ly, a cqmmercial demand for a secondary battery, par-

.ticularly a lithium ion secondary battery ﬁsing a non-
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agqueous electrolytic liquid has been increasing, since
the lithium ion secondary battery can exhibit high
voltage and high capacity even in a compact and light
weight form.

The performance of the above-mentioned batteries
can be improved, for example, by increasing the amount
of active materials and/or the amount of electrolyte,
which can be accommodated in a battery per unit volume
of the battery, or by improving the ion conductive
property between the positive electrode and the nega-
tive electrode.

Particularly, in the case of a battery using a
non-aqueous electrolytic liquid (such a battery is
hereinafter, frequently, referred to simply as a "non-
aqueous battery"), such as the above-mentioned lithium
ion secondary battery, since the non-agqueous liquid
used in such a battery has a poor ion conductive_prop-
erty as compared to an aquedus electrolytic liquid, it
is desired to improve the ion conductive property bet-
ween the positive electrode and the negative electrode.
For this purpose, generally, such a battery is designed
to have a construction in which a plurality of unit
cells (each domprising a positive electrode, a negativé
electrode and a separator) are laminated, or a con-

struction in which a unit cell is spirally wound into a
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spirally wound structure, so as to increase the effec-
tive area of electrodes, at which the positive elec-
trode and the negative electrode face each other.
However, a satisfactory improvement in the ion conduc-
tive property has not yet been achieved.

As an example of the most effective methods for

achieving an improvement in the ion conductive proper-

‘ty, there can be mentioned a method in which a separa-

tor having a small thickness and an excellent ion
permeability is used.

As a separator used in a conventional battery,
generally, use is made of a microporous film made of a
polyolefin resin, such as polyethylene or polypropy;
lene. For example, as described.in Unexamined Japanese
Patent Laid-Open Specification No. 3-105851, the above-
mentioned microporous film can be produced by a method
in which a moltén mixture comprising a polyolefin resin
composition is extrusion-molded into a sheet, substanc-
es other than the polyolefin resin are removed from the
sheet by extraction, and the resultant sheet is sub-
jected to stretching.

The above-mentioned resin film separator needs to
have a mechaﬁical strength such that occurrence of the
breakage of the separator can be avoided during the

production of a battery, Due to such a required me-
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chaﬁical strength, it is difficult to reduce the thick-
ness of the separator to less than a certain thickness.
Therefore, in the case of the abbve-mentioned non-
aqueous battery (such as a lithium ion secondary bat-
tery) having a construction in which a plurality of
unit cells are laminated, or a construction in which a
unit cell is spirally wound into a spirally wound
structure, the amount of the unit cell which can be

accommodated in the battery per unit volume thereof

.inevitably becomes small due to the restriction in

‘respect of reduction of the thickness of the separator.

Further, even when it is attempted to improve the ion
conductive property between the positive electrode and
the negative electrode by increaéing the porosity of
the conventional resin film separator, satisfactory
results cannot be obtained (see Comparative Example 1
of the present specification) (the reason for this has
not yet been elucidated). The above-mentioned ‘separa-
tor made of a resin film is also disadvéntageous in

that the resin film separator has poor durability.

‘Therefore, when such a separator is used in a secondary

battery, the separator is deteriorated during the
repetition of the charge/discharge operations, so that
the cycle characteriétics of the battery become poor

(see Comparative Example 3 of the present specifica-
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tion). Further, in a battery using a conventional
separator, use must be made of a large amount of the
separator which is produced by the above-mentioned
cumbersome, costly method, so that the ratio of.the
cost for the separator to the total cost for the bat-
tery becomes relatively high. Therefore, especially in
the case of the above-mentioned non-aqueous battery,
such as the lithium ion secondary battery, in which the
conventional resin film separator is used, a large area
of separator is needed due to the above-mentioned
unique construction of such a battery and the cost for
the separator becoﬁes disadvantageously high,_thereby
renderiqg high the production cost for the batfery.

SUMMARY OF THE INVENTION

The presenf inventors have made extensive and
intensive studies with a view toward developing a
Eattery which is free from the above-mentioned problems
and which not only has high performance and high safe-
ty, but also can be produced at low cost. As a result,
it- has unexpectedly been found that a specific battery
as defined below is advantageous not only in that the
battery exhibits excéllent discharge characteristics
even at a high discharge current density without sacri-
ficing safety, but also in that a large amount of

active materials can be accbmmodated in the battery per
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unit volume thereof, as compared to the amounts in the
case of conventional batteries. Such a specific bat-
tery comprises a positive electrode comprising a
cathode active material 1aYer, a negative electrode
comprising an anode active material layer, and a porous
separafor disposed between the positive electrode and
the negative electrode, wherein the positive electrode,
the negative electrode and the separator are disposed
in a casing containing an electrolyte, and wherein the
porous separator comprises at least one layer of an
aggregate form of particles of at least one insulating
substance, the layer of the aggregate form of particles
having a three-dimensional network of voids which
function as pores in the porous éeparafor and which are
capable of passing ions therethrough. The present
invention has been completed, based on the above novel
findings..

| Accordingly, it is a primary object of the present
invention to provide a high performance battery which
is- advantageous not only in that the battery exhibits

excellent diécharge characteristics even at a high dis-

'charge current density without sacrificing safety, but

also in that a large amount of active materials can be
accommodated in the battery per unit volume thereof, as

compared to the amounts in the case of conventional
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batteries.

It is another object of the present invention to
provide an advantageous method for producing the above-
mentioned high performance battéry.

The foregoing and other objects, features and
advantages of the present invention will be apparent

from the following detailed description taken in con-

'nection with the accdmpanying drawings and the appended

claims.

Brief Description of the Drawings

In the drawings:

Fig. 1(A) is a diagrammatic cross-sectional view
showing the structure of a unit Eell of a conventional
battery in which a conventional separator is used.

Fig. 1(B) is a diagrammatic cross-sectional view
showing the structure of a unit cell of another conven-
tional battery in which a conventional separator is
used.

Fig. 2 is a diagrammatic cross-sectional view
showing the structure of a unit cell of a battery
according to one embodiment of the present invention.

Fig. 3 is diagrammatic cross-sectional view show-
ing the structure of a unit cell of a battery according

to another embodiment of the present invention,
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Fig. 4 is a diagrammatic cross-sectional view
showing the structure of a unit cell of a battery
according to still another embodiment of the present
invention.

Fig. 5 is a diagrammatic cross-sectional view
showing the structure of a unit cell of é battery
according to still another émbodiment of the present
invention.

Fig. 6 is a diagrammatic cross-sectional view
showing the structure of a unit cell of a battery
according to still another embodiment of the present
invention.

Figs. 7(a) to 7(c) are diagrammatic cross-
sectional views showing the respéctive structures of
unit cells employed in Examples 1 to 7, respectively.

In Figs. 1(A) to 7(c), like-parts.and portions are

designated by like numerals.

Description of the Reference Numerals

1 : Unit cell

11 : Positive electrode

1la : Current collector foil. for positive electrode
11b : Cathodé active material layer

12 Negétive electrode

12a : Current coliector foil for negative eiectrode
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12b : Anode active material layer

13 : Conventional separator |

13A : Separator used in the present invention, which is
directly formed, in an immobilized form, on the
surface ofla cathode active material layer.

iSB : Separator used in the present invention, which is
directly formed, in an immobilized form, on the
surface of an anode active materiél layer.

13C : Separator used in the present invention, which is
directly formed, in an immobilized form, on each
of the surface of a cathode active material layer

and the surface of an anode active material layer.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

Essentially, according to the present invention,
the;e is provided a battery comprising:

a casing,

an electrolyte contained in the casing,

a p031t1ve electrode comprising a cathode active

material layer

a negative electrode comprising an anode active
material laver, and

a poroué separator disposed between the positive
electrode and the negative electrode, wherein. two

opposite surfaces of the porous separator face the
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cathode active material layer‘and the anode active
material layer, respectively,

the positive electrode, the negative electrode and
the separator being disposed in the casing, operatively
with the electrolyte,

the porous separator comprising at least one layer
of an aggregate form of particles of at least one
insulating substance, whérein the at least one layer of
the aggregate form of particles has a three-dimensional
network of voids which function as pores in the porous
separator and which are capable of passing ions there-
through.

Fop an easy understanding of the present inven-
tion, the essential features andavarious-preferred
embodiments of the present invention are enumerated °

. below.
1. A battery comprising:

a casing,

an electrolyte contained in the casing,

a positive electrode comprising a cathode active
material layer, .

a negative electrode comprising a anode active
material layér,

a porous'separator disposed between the positive

electrode and the negative electrode, wherein two
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opposite surfaces of the porous separator face the
cathode active material layer and the anode active
material layer, respectively,

the positive electrode, the negative electrode and.
the separator being disposed in the casing, operatively
with the electrélyte,

the porous separator comprising at least one layer

of an aggregate form of particles of at least one

_insulating substance, wherein the at least one layer of

the aggregate form of particles has a three-dimensional
network of voids which function as pores in the porous
separator and wﬁich are capable of passing ions there-
through.

2. The battery according to iéém i above, wherein the
porous separator further comprises a binder which is
mixed with the particles to thereby bind the particles
together.

3. The battery according to item 1 or 2 above, wher-
ein the porous separator is directly formed, in an
immobilized form, on at least one active material layer
selected from the group consisting of the cathode
active maferial layer and the anode active material
layer. | |

4. The battery according to any one of items 1 to 3

above, wherein the porous separator has a porosity of
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10 % or more as meésured in the dry state of the porous
separator. |

5. The battery accofding to any one of items 1 to 4
above, wherein the borous éeparator has an ion conduc-
'tive property ascribed to a factor other than the voids
of the aggregate form of particles.

6. The battery according to any one of itemé 1 to 5
above, wherein the insulating substance is an inorganic

substance.

7. The battery according to any one of items 1 to 5

above, wherein the insulating substance is an organic
substance.

8. Thg battery according to any one of items 1 to 7
above, wherein the aggregate fofﬁ of particles compris-
es particles of at least two different insulating
substances.

9. The battery according to any one of items 1 to 8

" above, wherein the porous separator comprises at least

two layers respectively comprised of different ag-
gregate forms of particles.

10. The battery according to any one of items 1 to 9
above, wherein the separator comprises a first separa-
tor layer coﬁprising'at least one layer of an aggregate
form of pafticles of at least one inorganic insulating

substance and a second separator layer comprising at

—_——
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least one layer of an aggregate form of particles of at.
least one organic insulating substance, the first
separatbr layer being directly formed, in an immo-

bilized form, on one'active material layer selected

 from the cathode active material layer and the anode

active material layer, the second separator layer being
directly formed, in an immobilized form, on the other

active material layer remaining between the cathode

active material layer and the anode active material
'layer.

' 11. " The battery according to any one of items 1 to 10

above,_wheréin the electrolyte is a non-aqueous elec-

trolytef '

12. The battery according to ifém 11 above, wherein

the non-aqueous electrolyte contains lithium ions.

13. 'The battery according to item 11 or 12 above,

wherein the cathode active material layer comprises -

lithium manganate.

14. A method for producing a battery, comprising:
(1) individually providing a positive electrode

comprising a cathode active material layer and a nega-~

tive electrode comprising an anode active material

layer:;
(2) coating a dispersion of a mixture of parti-

cles of at least bne insulating substance and a binder
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for the particles in a dispersion medium on at least
one active material layer selected from the group
consisting of the cathode active material layer and the
anode active material layer;

5 (3) removing, by evaporation, the dispersion
medium of the dispersion coated on the at least one
active material layer to form a layer of an aggregate
form of the particles, wherein the particles are bound
~together by means of the binder, thereby providing a

10 ‘ porous sepérator formed directly, in an immobilized
' form, on the at least one active material layer, wher-
ein the layer of an aggregate form of particles has a
three dimensional ﬁetwork of voids; and
(4) disposing the positive.electrode and the
15 negative electrode, at least one of which has the
porous separator formed on the active material layer
thereof, in a casing so that the cathode active materi-
al layer and the anode active material layer are ar-
ranged, operatively with an electrolyte contained in
20 the casing, in a positional relationship opposite to
each other through the porous separator formed on the
at least one active material layer.
In the Battery of the present invehtion, the
pbrous'separator used therein, which comprises an

25 aggregate form of particles of at least one insulating
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substance, has a unique pore structure formed by a

three-dimensional network of voids formed in the ag-

gregate form of the particles, so that the separator

allows the ions to be transmitted through the electro-
lyte contained in the pores of the separator, while
preventing occurrence of short-circuiting between the
cathode active material layer and the anode active

material 1ayer.' The separator used in the present

invention has high ion permeability as compared to the

conventional polyolefin resin film separator. The
reason for this is considered to be as follows. In tﬁe
porous separator used in the present invention, fhe
above-mentioned-unique pore structure formed'by'the
three-dimensional network of voids formed in the ag-
gregate form of particles is more effective for achiev-
ing high ion permeability than the pore strucfure of
the éonventional polyolefin resin film separator or -the
like.

The above-mentioned insulating substance maf be
either an inorganic substance or an organic substance.
Examples of inorganic substances include oxides, (e.g.,
Li,0, BeO, B0z, Nay0, MgO, Al;03, Si0,, Py0g, Cao,
Cr,03, Fe203; Zn0O, Zxr0O, and TiO,), zeolite (e.g.,
Mz/nO-A1203-xSi02-yH20, wherein M represents a metal

atom, such as Na, K, Ca and Ba; n is a number corre-
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sponding to the electric charge of a positive ion Mt
of the metal atom M; x and y are the molar number of
Sioz and the molar number of ﬁzo, respectively, and
wherein 2 ¢ x ¢ 10, and 2 ¢ y ¢ 7), nitrides (e.g., BN,-
AlN, SigN, and Ba3N2),_silicon carbide'(SiC), zircon
(Zrsi0y), salts of carbonic acids (e.g., MgCO3 and
CaCO3), salts of sulfﬁiic acids (e.g., CasSOy4 and

BaS0,), and composites of the above-mentioned compounds

{e.g., porcelains, such as steatite (Mg0-SiO,), for-

-sterite (2Mg0~SiOz) and cordierite (2Mg0O:2A1,04+551i0,

)}. Examples of organic substances include polyethy-
lene, polypropylene, polystyrene, poly(vinyl éhloride),
poly(vinylidene chloride), polyacrylonitrile, poly-
(methyl methacrylate), polyacryléte, fluororesins
{e.qg., polytetrafluoroethylehe and poly(vinylidene
fluoride)}, polyamide resins, polyimide resins, poly-
ester resins, polycarbonate resins, polyphenylene oxide
resins, silicone resins, phenolic resins, urea resins,
ﬁelamine resins, polyurethane resins, polyether resins
{e.g., poly(ethylene oxide) and poly(propylene oxide)},
epoxry resins, acetal resins, acrylonitrile-styrene (AS)
resins and acrylbnitrile—butadiene—styrene (ABS) res-
ins. |

Generally, with respect to the particles of at

least one insulating substancé, it is preferred that
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the particles have high hardness. The use of a porous
separator obtained using such particles having high
hardness in a battery is advantageous for the following
reason. Even when such a porous separator sustains a
pressure caused by a volume increase of the active
material layers, the porous separator is free from
occurrence of a deformation of thg pores, soO fhat the

porous separator does not suffer from a volume decrease

of the pores. Therefore, the amount of the electrolyte

contained in each pore of the porous separator can be

' constantly maintained at the same level, so that the

porous separator does not suffer a lowering in the ion
conductive property; Therefore, the battery using such
a separator exhibits improved dﬁfability.

Further, with respect to the particles of at least
one insulating substance, it is preferred to use an
insulating substance having such a high heat resistance
as représented by the melting point of 200 °C or more,
for exémple a-AIZOS (melting point: 2055 °C)'and polyi-
mide resins (heat resistant resins which do not undergo
dissolution, melting or decomposition at a temperature
of from 250 to 400 °C). By the use of particles of
such an insuiating substance having high heat resist-

ance, it becomes possible to obtain a separator having

‘high heat resistance as compared to conventional sepa-
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rator materials, such as a polyethylene microporous
film (melting point: about 140 °C) and a polypropylene
microporous film (melting point: about 180 °C).

With respect to the average particle diameter.of
the above-mentioned particles of at least one insulat-
ing substance, it is preferred that the average parti-
cle diameter is from 5 nm to 100 ym, more preferably
from 5§ nm to 10 pm, most preferably from 5 nm to 1 pm.

With respect to the thickness of the above-men-

 tioned porous separator, there is no particular limita-

tion. -However, it is preferred that the thickness of
the separator is from 100 nm to 100 pm, more preferably
from lOQ nm to 10 pm.

In the present invention, if is preferred that the
porous separator further comprises a binder which is
mixed with the particies to thereby bind the particles
together.

Examples of binders include latexes (e.g., a styr-
ene-butadiene dopolymef latex and an acrylonitrile-
butadiene copolymer latex), cellulose derivatives
(e.g., a sodium salt of carboxymethylcellulose), fluo-
rorubbers (e.g.,_a copolymer of vinylidene fluoiide,
hexafluoroprbpylene and tetrafluoroethylene) and fluo-
roresins {e.g., poly(vinylidene fluoride) and polyte-

trafluoroethylené}.
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With respect to the amount of the above-mentioned
binder, it is'preferred that the binder is used in an
amount of from 1/500 to 5/3, more preferably from 1/500
to 1/2, most preferably from 1/500 to 1/5, in terms of
the volume ratio of the binder to the particles of at
least 6ne insulating substance.

In the present invention, it is preferred that the

porous separator used in the battery is directly

formed, in an immobilized from, on at least one active

 materié1 layer selected from the group consisting of

the cathpde active material layer and the anode active
material layer.

With respect to the conventional battery, in which
a microporous resin film is used-as a separator, the
separator needs to be handled as an independent film.
Therefore, such a separator used in the conventional
battery needs to have high mechanical strength so as. to
avoid breakage of the separator during the handling
thereof. For this reason, it has conventionally been
difficult to feduce'the thickness of a separator to a
level less than 25.pm. On the other hand, in the case
of the battery of the present invention, which has a
construction'in which the separator is directly formed,
in an immobilized form, on the active material layer,

the separator need not be handled as an independent
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film during the production the battery, so that a
separator having an extremely small thickness can be
employed. Therefore, by the use of the above-mentioned
construction, it becomes possible not only to increase
the amount of actiﬁe materials which can be accommodat-
ed in the battery per unit volume thereof, but also to

reduce the internal resistance of the battery (the low

internal resistance of the battery has a favorable

effect of lowering the overvoltage, thereby markedly

. improving the input/output characteristics of the

battery).

It is preferred that the porosity of the above-
mentiongd porous separator is 10 % or more, more pre-
ferably 20 % or more, most preféfably 40 % or more, as
measured in thé dry state of the poroﬁs separator.
With respect to the porosity of the porous separator,
the higher thé porosity, the higher the ion conductive
property of the porous separator. Therefore, it is
preferred that the porous separator has a porosity as
high as possible. .  However, wheh the porosity of the
porous separator is too high (especially, in the case
of a porous separator having a small thickness), it is
difficult to'prevent occurrence of the short-circuiting
between the positive electrode and the negative elec-

trode. Thefeforé, from a practical point of view, it
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is preferred that the porosity of the porous separator
is not higher than 90 %.

The above-mentioned porosity of the porous separa-
tor can be measured as follows. In the case of a sepa-
rator which is formed in an independent form, the
porosity of the separator can be measured by means of a
mercury porosimeter. On thé other hand, in the case of

a separator which is formed, in an immobilized form, on

at least one active material layer and which cannot be

'separated from the active material layer(s), the poros-

ity of such a separator can be determined by the fol-
lowing method. The separator is impregnated with a
resin sqlution so as to fill the pores of the separator
with the resin solution; followéd by curing the resin.
The resultant separator having pores thereof filled
with the cured resin is cut to obtain a cross section
of the separator in which the cross sections of the -
cured resin-~filled pores are exposed. A photograph of
the cross_section thereof is taken by means of a scan-
ning electron microscope (SEM). The obtained photo-
gréph of the cross section of the separator is examined
to obtain the ratio (%) of the sum 6f the respective
cross-sectiohal areas of the cured resin-filled pores
to the entire area of fhe cross section of the separa-

tor. In practice, with respect to each of ten or more
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different cross-sectional poftions:of the separator
which each include a number of cured resin-filled
pores, the ratio (%) of the sum of the respective
cross-sectional areas of the cured resin-filled pores
to the entire area of the cross section of each of the
different portions of the separator is obtained in
substantially the same manner as mentioned above, and

the average value of the obtained ratios is defined as

the porosity of the separator.

In the present invention, the above-mentioned
separator may have an ion conductive property attribut-
ed to a factor other than the voids of the aggregate
form of partlcles of at least one insulating substance.

Examples of methods for obtalnlng such separators,
which have an ion conductive property attributed to a
factor other than the voids of the aggregate form of
particles, include a method in which porous particles
of at least one insulating substance are employed; a
method in which uée is made of particles of at least
one insulating substance which has, in the skeletal
structure thereof, wvoids which allow the molecules of
the electrolyte to pass therethrough (e.g., a zeolite):;
a method in Which use is made of insulating substance
particles and/or another substance uéed in a mixture of

the barticles, which can be swollen with an electroly-
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tic liquid {e.g., polyacrYionitrile; poly(methyl metha-
crylate) and poly(vinylidene fluoride)}; and a method
in which use is made of particles of at least one
insulating substance and/or another substance used in a
mixture of the particles, wherein the insulating sub-
stance_and/or another substance is a material, e.g., a
composite of an alkaline metal salt with poly(ethylene
oxide), poly(propylene pxide), a polyphosphazene oxr the

like, namely a material obtained by impregnating a

' solid with a solution of an electrolyte in a solvent,

~and removing the solvent by evaporation from the im-
pregnated solid.

In'the embodiment mentioned in item 8 above, use
is made of a porous separator caﬁprising an aggregate
form of particles of at least two different insulating
substances. In the embodiment mentioned in item 9
above, use is made of a porous separator comprising -at
least two layers respectively comprised of differeht
aggregate forms of partidles. In the embodiment men-
tioned in item 10 above, use is made of a poroué sepa-
rator comprising a first separator layer comprising at
least one layer of an aggregate form of particles of at
least one inbrganic insulating substance and a sécond
separator layer comprising at least one layer of an

aggregate form of particles of at least one organic
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insulating substance. The term "different" used herein
is intended to indicate that the chemical compositions
are different and that the properties, such as melting
point, are different despife the fact that the chemical
compositions are the same. According to each of the
above~-mentioned embodiments, it is possible to impart
the separator with the ability to function as a fuée.
As an example of the batteries according to the embodi-
ment of item 8 above there can be mentioned a battery

" in which the layer of an éggregate form of particles

" comprises a mixture of particles of an inorganic oxide
having é high melting point (e.g., 1,000 °C or more)
and particles of a resin having a low melting point
(e.g., 200 °C or less). As an é#ample of the batteries
according to the embodiment of item 10 above, there can
be mentioned a battéry in which the separator comprises
a first separator layer of an aggregate form of parti-
cles of an inorganic oxide having a high melting point
(e.g., 1,000 °C or more) and a second separator layer
of an aggregate form of particles of a resin having a
low melting point (e.g., 200 °C or less), wherein the
first separator.layer is directly formed, in an immo-
bilized form; on the cathode active material layer and
the second separator layer is directly formed, in an

immobilized form; on the anode active material layer.
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When the. battery according to the embodiment of each of
items 8 and 10 above is caused to have a high tempera-
ture, only the resin particles contained in the separa-
tor are melted and the resultant molten resin closes
the voids of the separator to thereby shut off the

current (i.e., the separator functions as a fuse), sa

that the safety of the battery can be secured.

With respect to the type of the battery of the

present invention, there is no particular limitation,

and the battéry of the present invention may be, for
example, a primary battery, such as a mangénese diox-
ide-lithium battery and a graphite fluoride-~lithium -
battery; a secondary battery using an agqueous elecfro-
lytic liquid, such as a lead stofage battery, a nickel-
cadmium battery and a nickel-hydrogen battery; or a
secondary battery using a non-aqueous electrolytic
liquid, such as a lithium ion secondary baftery.

With respect to the caéing usable in the battery
of the present invention, there is no particular limi-
tation. Examples of casings include a can made of
aluminum, stainless steel, iron or nickel; a plated can
made of iron; a casing formed from a material having a
laminate strﬁcture; and a qasiﬁg formed from a resin
film.

In the case of a battery of the present invention,
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which is a primary battery, the positive electrode, the
negative electrode and the electrolyte may be those

which are prepared by conventional techniques. For

example, when the battery of the present invention is a
manganese dioxide-lithium battery, use can be made of a
positive electrode prepared using manganese dioxide, a
negative electrode prépared using metallic lithium, and

an electrolyte prepared by dissolving a lithium salt in

an organic solvent. When the battery of the present

 invention is a graphite fluoride-lithium battery, use

can be méde of a positive electrode prgparéd using a
graphite fluoride, the same negative electrode as in
the above-mentioned manganese dioxide~lithium battery,
and the same electrolyte as in fhe above-mentioned
manganese dioxide-lithium battery.

Also, in the case of the battery of the present
invention which is a secondary battery, the positive
electrode, the negative electrode and the electrolyte -
may be those which are prepared by conventional tech-
niques. For example, when the battery of the present.

invention is a lead storage battery, use can be made of

'Pboz as a cathode active material, Pb as an anode

active material, and an aqueous solution of H,SO4 as an
electrolytic liquid. When the battery of the present

invention is a nickel-cadmium battery, use can be made
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df NiOOH as a cathode active material, Cd as an anode
active material, and, as an electrolytic liquid, an
aqueous solution of KOH which contains LiOH or NaOH in
a small amount. When the battery of the present inven-
tion is a nickel-hydrogen battery, use can be made of
the same cathode active material as in the nickel-
cadmium battery, hydrogen (e.g., a metal alloj having

hydrogen occluded therein) as an anode active material,

and the same electrolytic liquid as in the above-men-

" tioned nickel-cadmium battery.

- With respect to the battery of the present inven-
tion, which is a lithium ion secondary battery, a
detailéq explanation is made below (the explanation is
made mainly about the cathode aéfive material, the
anode active material, and the electrolyte).

Ih the lithium ion secondary battery, as a current
collector for the positive electrode, for example, a
metallic foil, such as an aluminum foil, a titanium
foil, or a stainless steel foil, can be used. Of the
above-mentioned metallic foils, an aluminum foil is_
preferred. As a current collector for the negative
electrode, for example, a metallic foil, such as a
copper foil,-a nickel foil, or a stainless steel foil,
can be used. Of the above—mentidned metallic foils, a

copper foil is preferred.
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In the lithium ion secondary battery, as a cathode
active material, a composite metal oxide of Li and a
transition metal (such as Co, Ni, Mn, and Fe), énd a
composite metal oxide of Li, a tiansition metal and a
non-transition metal can be used. Examples of com-
posite metal oxides include a lithium-containing com-
posite metal oxide having a lamellar structure and

having the ability to electrochemically intercalate and

deintercalate Li idné. Examples of lithium-containing
. composite metal oxides include LiCo0, as disclosed in

Unexamined Japanese Patent Application Laid-~-Open Speci-

fication No. 55-136131 (corresponding to U.S. Patent
No. 4,357,215); LiyNi Co(;_y)0p wherein O g x < 1, and
0 g Y £ 1, as disclosed in Unexéhined Japanese Patent
Application Laid-Open Specification No. 3-49155; and
Li Mn,0, wherein O g x g 1.

These compounds can be easily obtained by a calci-
nation reaction of a lithium compound, such as- lithium
hydroxide, lithium oxide, lithium carbonate, lithium
nitrate or the like, with a metal oxide, a metal hy-
droxide, a metél carbonate, a metal nitrate or the like
and, if desifed, with other metal compounds.

In the lithium ion secondary battery, as an anode
active material, a carbonaceous material, such as a

coke, a graphite, and an amorphous carbon, can be used.
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The above-mentioned carbonaceous material may be in
various forms, such as crushed particles, lamellar
particles and spherical particles. With respect to the
type of carbonaceous material, there is no particular
limitation, and various types of carbonaceous materials

can be used. Examples of carbonaceous materials in-

‘clude a carbon or graphite material having a large

surface area as disclosed in Unexamined Japanese Patent

Application Laid-Open Specification No. 58-35881

' (corresponding to U.S. Patent No. 4,617,243), a calci-

nation-carbonized product of a phenolic resin énd the
like as.disclosed in Unexamined Japanese Patent Appli-
cation Laid-Open Specification No. 58-209864, and a
calcination-carbonized product 6f a condensed polycy-
clic hydrocarbon compound as disclosed in Unexamined
Japanese Patent Application Laid-Open Specification No.
61-111907 (corresponding to U.S. Patent No. 4,725,
422).

With respect to the non-aqueous electrolytic
liquid used in the lithium ion.secondéry battery, there
is no particular limitation. The non-aqueous electro-
lytic liquid can be prepared by dissolving the electro-
lyte as mentioned below in an organic solvent. Exam-
ples of electrolytes include LiClO4, LiBF4, LiAsFg,

CF3SOgLi, (CF3SOg3)oN-Li, LiPFg, LiI, LiAlCl,, NaClOg4,
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NaBF,, NaI, (n-Bu)yNCl0,, (n-Bu)yNBFy and KPFg. It is
preferred that the concentration of the electrolyte in
the organic electrolytic liquid is from about 0.1 to
about 2.5 mol/liter. Examples of organic solvents
include ethers, ketones, lactones, nitriles, amines,
amides, sulfur compounds, chlorinated hydrocarbons,
esters, carbonates, nitro compounds, phosphoric ester

compounds and sulfolane compounds. Among the above-

mentioned organic solvents, ethers, ketones, nitriles,
" chlorinated hydrocarbons, carbonates and sulfolane

- compounds are preferred, and cyclic carbonates are

especially preferred. Representative examples of

cyclic carbonates include tetrahydrofuran, 2-methylte-

" trahydrofuran, 1,4-dioxane, anisol, monoglyme, acetoni-

trile, propionitrile, 4-methyl-2-pentanone, butyroni-
trile, valeronitrile, benzonitrile, 1,2-dichloroethane,
7 ~butyrolactone, dimethoxyethane, methyl formate,
propylene carbonate, ethylene carbonate, diethyl car-
bonate, dimethyl carbonate, methyl ethyl.carbonate,
vinylene carbonate, dimethylformamide, dimethylsulfox-
ide, dimethylthioformamide, sulfolane, 3-methylsulfo-
lane, tfimethyl phosphate, triethyl phosphate, and
mixtures thefeof. The organic solvents usable in the
present invention are not limited to those which are

mentioned above.
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With respect to a noﬁ—aqueous battery, such as the
above-mentioned lithium ion secondary battery, the non-
aqueous liquid used therein has a poor ion conductive
property. Therefore, for the purpose of improving the
efficiency of ion conduction between the positive
electrode and the negative electrode, the conventional
non-aqueous battery has a construction in whiéh a

plurality of unit cells as shown in Fig. 1(A) are

laminated, or a construction in which a unit cell as
i shown in Fig. 1(A) is spirally wound into a spirally

" wound structure. The above-mentioned unit cell as

shown in Fig. 1(A) comprises: positive electrode 11
comprising current collector foil 1lla (for the positive
electrode) having both surfacesifhereof coéted with |
respective cathode active material layers llb, 11b;
negative electrode 12 comprising current collector foil
12a (for the negative electrode) having both surfaces

thereof coated with respective anode active material

layers 12b, 12b; and resin film separator 13 disposed

between cathode active material layer 1l1lb and anode
active material layer 12b. As already mentioned above,
the use of resin film separator 13 has the following
disadvantage; Since resin film separator 13 needs to
be handled as an independent film during the production

of the battery, the separator needs to have high me-
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chanical strength so as to avoid breakage of the sepa-
rator during the handling thereof. Therefore, the
resin film separator needs to have a relatively large
thickness so as to achieve high mechanical strength,
and it is difficult to use a resin film separatof
having a thickness of less than 25 pm in a battery.
When such a separator having a relatively large thick-

ness is used in the above-mentioned non-aqueous battery

having a construction as mentioned above, the amount of

" the active materials which can be accommodated in the

battery per unit volume thereof becomes small due to
the relatively large thickness of the separator. In
contrast, when the porous separator used in the present
invention is employed for produéing a non-aqueous
battery héving a construction as mentioned above in-
stead of resin film separator 13, it becomes possible
to obtain a high performance battery, in which the
amount of active materials which can be accommodated in-
the battery per unit volume thereof is markedly in-
creased and the ion conduction between the positive
electrode and the negativé electrode is markedly im-
proved. Furthef, the above-mentioned conventional non-
aqueous battéry, in which the resin film separator is
used, is also disadvantageous'in that the resin film

separator which is a relatively expensive component
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among the components of the battery needs to be used in
a large amount, so that the production cost for the
battery inevitably becomes high. On.the other hand,
the porous Separator used in the present invention can
be obtained at low cost. Therefore, by the use of the
porous separator used in the present invention, it

becomes possible to produce the above-mentioned high

.performance battery at low cost.

With respect to the method for producing the

' porous separator used in the present invention, there

is no particular limitation. The porous separator can
be produced, for example, by the method described below
with reference to Fig. 2. Separator 13A can be pro-
duced by a method comprising fofﬁing cathode active
material layers 11lb and 1llb on both.surfaces of current

collector foil 1lla for a positive electrode by a con-

ventional method, to thereby obtain positive electrode

11; forming a layer of an aggregate form of particles
of at least one insulating substance on the surface of
each cathode active material layer 11b, which layer of
the aggregate form. of particles serves as separator
13A. Specific'examples of methods for forming separa-
tor 13A inclﬁde a method in which particles of at least
one insulating substance are uniformly coated on the

surface of each cathode active material layer 11b, fol-
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lowed by bonding the particles to the surface of each
cathode active material layer 1lb by means of a roll
press, to thereby form a layer of an aggregated form of
particles, which serves as separator 13A; and a method
in which a dispersion of a mixture of particleé of at
least one insulating substance and -a binder for the
particles in a dispersion medium is uniformly coated in

a - predetermined thickness on the sufface of each

cathode active material léyer 11b, followed by heating

' the coated dispersion to remove the dispersion medium

by evaporation, to thereby'form a layer of an aggregate
form of particles which serves as separator 13A. In
the case of the above-mentioned method in which a
dispersion of the mixture of-pafticles of at least one
insulating substance and a binder is used, there is no
particular limitation with respect to the dispersion
medium as long as the following three requirements are
satisfied; that is, (i) the particles of at least one
insulating substance be insoluble in the dispersion
medium, (ii) a binder for the particles be soluble in
the dispersion medium, and (iii) the dispersion medium
can be evaporated by heating at an appropriate tempera—
ture. Exampies of dispérsion media iﬁclude ethyl
acetate, ethylene glycol monoethyl ether (2-

ethoxygthanol), l-methyl-2~pyrrolidone (NMP), N,6N-
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dimethylformamide (DMF), dimethyl sulfoxide (DMSO),
tetrahydrofuran (THF) and water. With respect to the
time and temperature for the removal of the dispersion
medium by heating, there is no particular limitation,
as long as the particles of the'insulating substance
are not deformed or melted. However, the removal of'_
the dispersibn medium by heating is generally conducted

at a temperature of from 50 to 200 °C for 5 to 30

minutes. Further, with respect to the solids (parti-
" cles of the insulating substance) content of the above-

"mentioned dispersion, there is no particular limita-

tion. However, it is preferred that the solids content -
is from 40 to 60 % by weight, based on the weight of
the dispersion. =

The porous separator obtained by the above-men-
tioned methods, in which the morphology of éach of thé
particles constituting the aggregate form thereof is
the same as that before the particles are fabricated
into the aggregate from thereof, is fundamentally d4dif-
ferent from a separator obtained by a method in which
particles of an insulating substance are heated to
thereby melt-bond (sinter) the particles to each other.
In the preseht invention, each of the particles consti-
tuting the aggregate form.thereof maintains its origi-

nal morphology (i.e., the morphology of the particle
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before the fabrication of the particles into the aggre-
gated form thereof), in which the particles aré not
melt-bonded to each other and no chemical bond is
formed between the particles.

When a unit cell having a strudture as shown in
Fig. 2 (which comprises a positive electrode having
separators 13A, 13A on both sides thereof, and a nega-

tive electrode formed of a current collector l2a having

anode active material layers 12b and 12b on both sides

" of current collector 12a) is used in the battery of the

presenf invention, for example, such a unit cell can be
used in the form of a spirally wound structure in which
the unit cell is spirally wound so that the negative
electrode of the wound unit celi is positioned on the
side of the outer surface of each wind of the spirally

wound structure, or in the form of a laminate structure

'in which a plurality of the unit cells are laminated so

that each positive electrode 11 is positioned opposite'

to negative electrode 12 through separator 13A (i.e.,

in this laminate structure, each separator 13A is

disposed between positive electrode 11 and negative
electrode 12, wherein two opposite surfaces of the
separatdr faée cathode active material layer 11b and
anode active material layer 125, respectively).

As already mentioned above, with respect to sepa-
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rator 13A as shown in Fig. 2, which is directly formed,
in an immobilized form, on the active material layer of
the electrode{ such a separator need not be handled as
an independent film during the production of a battery.
Therefore, the separator may have an extremely small
thickness, and the lower limit of the thickness of fhe-
separator is not particularly limited as long as a

predetermined porosity of the separator can be achieved

and maintained, and occurrence of short-circuiting can

" be prevented. Separator 13A having an extremely small

thickness can be obtained by using particles of the
insulating substance having an appropriate average
particle diameter. For example, by using particles of
the insulafing substance; which'have an average parti-
cle diameter of 1 uym or less, separator 13A having a
thickness of from 5 to 10 pm and a porosity of about 60
% can be obtained.

Further, in the case of the above-mentioned sepa-
rator 13A which is obtained by using a mixture of a
bihder and thé particles of insulating substance, and
which is directly formed, in.an immobilized form, on
the surface of an active material layer of an elec—.
trode, such a separator has high flexibility so that it
continues to be stably positioned on the active materi-

al layer of the electrode without suffering slippage
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during the production of a battery. This is advanta-
geous from the viewpoint of the efficiency in the
production of a battery. It is difficult to obtain a
separator having such high flexibility by a convention-
al technique, for examéle, by a method in which the
particles of the insulating substance are melt-bonded
(sintered) to.each other to form a separator.

Next, in order to illustratively show the con-

struction of the battery of the present invention, an

‘explanation is made below about various embodiments of .

the present invention with reference to Figs. 2 to 6.

The unit cell shown in the above-mentioned Fig. 2,
has a structure in which separators 13A, 13A are
formed, in an immobilized form,.bn the respective
cathode active material layers 1lb, 1llb which are
formed on both surfaces of current collector foil 1lla
for positive electrode 11. Alternatively, the battery
of the present invention may comprise a unit cell
having a structure as shown in Fig. 3, in which separa-
tors 13B, 13B are formed, in an immobilized form, on
the respective anode active material layers 12b, 12b
which are formed on both surfaces of current collector
foil 12a for'negative electrode 12.

Further, the battery.of the present invention may

comprise a unit cell having a structure as shown in
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Fig. 4, in which separators 13A, 13B are respectively
formed, in an immobilized form, on one of the two
cathode active material layers 11b, 11b which are
formed on both surfaces of current collector 1lla for
positive electrode 11, and on one of the two anode
active material layers 12b, iZb which are formed on
bofh surfaces of current collector 12a for negative

electrode 12, wherein cathode active material layer 11b

(having separator 13A formed thereon) and anode active

" material layer 12b (free of separator) are arranged

opposite to each other through separator 13A.
Further, the battery of the present invention may
comprise a unit cell having a structure as shown in

Fig. 5, in which separators 13A, 13A are formed, in an

~immobilized form, on the respective cathode active

material layers 11b, 1l1lb which are formed on both
surfaces of current col;ector 11la for positive elec-
trode 11;'separators 13B, 13B are formed, in an immobi-
lized form, on the respective anode active materia1
layers 12b, 12b which.are formed on both surfaces of
currenf coliector 12a for negative electrode 12, where-
in éither of cathode active material layers 11b, 11b
and either of anode active material layers 12b, 12b are

arranged opposite to each other through separators 13A

and 13B to thereby form unit cell 1. In this instance,
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two separators 13A, 13A (formed on the respective
cathode active material layers 1lb, 1l1lb whiqh are
formed on both surfaces of current collector 1lla for
positive electrode 11) may be the same or different,
and two separators 13B, 13B (formed on the respective
anode active material layers 12b, 12b whiéh afe formed
on both surfaces of current collector 12a for negative

electrode 12) may be the same or different. The battery

comprising the unit cell having a structure as shown in
' Fig. 5 has a double-separator structure (comprised of

' separators 13A, 13B) formed between the cathode active

material layer and the anode active material layer.
Therefore, such a battery is especially advantageous
for the following reason. Even-ﬁhen either or each of
separator 13A and separator 13B of the above-mentioned
double-separator structure suffers from pin hole phe-
nomenon (i.e., a phenomenon in which holes extending
along the thicknesswise direction of a sepafator are
formed), by virtue of the above-mentioned double-sepa-
rator structure, there is almost no probability that a
hole formed in one of the two separators communicates
to a hole formed in the other of the two separators to
form a through-hole extending through both' of the two
separators. Therefore, the above-mentioned battery is

substantially free from the danger of occurrence of a
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short-circuiting between cathode active material layer
11b and anode active material layer 12b.

Further, the battery of the present invention may
comprise a unit cell having a structure as shown in
Fig. 6, in which separator 13C is formed, in an immo-
bilized form, on both of cathode active material layer
11b and anode active material layer 12b. Examples of
methods for producing separator 13C includef

a method comprising:

cpating a dispersion of a mixture of particies of
én insulating substance and a binder for the particles
in a dispersion medium on the surface of an active
material layer of an electrode seiected.from the posi-
tive electrode and the negative.électrode,

immediately after coating the surface of the
active layer with the dispersion, laminating the re-
sultant electrode (having the active material layer -
thereof coated with the dispersion) to the remaining
other electrode so that.thé cathode active material
layer and the aﬁode active material layer are arranged
opposite to each other through the above-mentioned:
coated dispersion, and |

remqving, by évaporation, the dispersion medium by
heating, so that separator 13C is formed, in an immo-

bilized form, on both of the cathode active material
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layer and the ahode éctive material layer:;

a method comprising:

coating the above-mentioned dispersion on the
surface of an active material layer of an electrode .
selécted from the positive electrode and the negative
electrode, |

drying the coated dispersion to form a separator
layer on the active material layer,

laminating the electrode having the active materi-

" al layer (on which the separator layer is formed) to

" the remaining other electrode so that the cathode

active material layer and the anode active material
layer are arranged opposite to each other through the
separator layer, to thereby obtéin a laminate structure
comprised of the positive electrode, the negative
electrode and the separator layer disposed between the
positive electrode and the negative electrode;
and

pressing the obtained laminate structure by means
of a hot press under temperature conditions ét which
the binder for the parficles can be melted, so that
separatof 13C is forméd,'in an immobilized form, on
both of the cathode active material layer and the anode
active material layer; and |

a method comprising:
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coating the above-mentioned dispersion on the
surface of an active material layer of an electrode
selected from the positive electrode and the negative
electrode,

drying the coated dispersion to forﬁ a separator
layer on the active material layer, |

coating a solvent, which is capable of dissolving
the above-mentioned binder, on the Separater layer,

laminating the electrode having the active materi-

" al layer (on which the separator layer is formed) to

" the remaining other electrode so that the cathode

active material layer and the anode active material
layer are arranged opposite to each other through the
separator layer, to thereby obtein a laminate structure
comprised of the positive electrode, the negative
electrode and the separator layer disposed between the
positive electrode and the negative electrode;
and

pressing and heating the obtained laminate struc-
ture, so that separator 13C is formed, in an immo-
bilized form, on both of the cathode active material
layer and the anode active material layer.

In the battery of the present invention, as shown

in Figs. 2 to 6, the unit cell may comprise a plurality

of cathode active material layers and a plurality of
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anode active material layers. Alternatively, as shown
in Figs. 7(a) to (c¢) (which are referred to in the
Examples below), the unit cell may comprise a single
cathode active matérial layer and a single anode active
material layer, and such a unit cell may be used in the
form of a laminate structure in which a plurality of
unit célls are laminated, or in the form of a spirally
wound structure in which a unit cell is spirally wound.

With respect to the méthod for producing the bat-

" tery of the present invention, there is no particular

limitation. However, as a preferred example of methods
for producing the battery of the present invention,
there can be mentioned a method comprising:

(1) individually providing.é positive electrode
comprising a cathode active material layef and a nega-
tive elecfrode comprising an anode active material
layer;

(2) coating a dispersion of a mixture of particles
of an insulating substance and a binder for the parti-
cles in a dispersion medium on at least one active
material layer selected from the group consisting of
the cathode active material layer and the anode active
material layér;

(3) removing, by evaporation, the dispersion

medium of the dispersion coated on the at least one
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active material layer to form a layer of an aggregate

of the particles, wherein the particles are bound

-together by means of the binder, thereby providing a

porous separator formed directly, in an immbbilized_
form, on the at least one active material layer, wher-
ein the layer of an aggregate form of particles has a
three dimensional network of voids; and

(4) disposing the positive electrode and the

negative eiectrode, at least one of which has the
' porous separator formed on the active material layer

' thereof, in a casing so that the cathode active materi-

al layer and the anode active material layer are ar-
ranged opposite to éach other thrdugh the porous sepa-
rator formed on the at least oné active material layer,
operatively with'an electrolyte contained in the cas-

ing.
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BEST MODE FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention will be de-
scribed in detail with reference to the following
Examples and Comparative Examples, which should not be
construed-as limiting the scope of the present inven—

tion.

Example 1

Using sample unit cells each having a structure as

" shown in Fig. 7(a), the charge/discharge cycle charac-

tefistics of the battery of the present invention were
examined.

Sheet electrodes were individually produced as-
follows; o
(Positive electrode)

LiCoO, as a cathode active material, a 1amellar
graphite and acetylene black, each as a filler, and a
fluororubber (a copolymer of vinylidene fluoride,
hexafluoropropylene and tetrafluoroethylene: manufac-
tured and sold, under the tradename "Miraflon", by
Asahi Chemical Industry Co., LTD., Japan) as a binder
(Licooz/lamellar graphite/acetylene black/fluororubber
weight ratio: 100/2.5/2.5/1.96) were mixed in a mixed
solvent of ethyl acetate and éthyl cellosoclve (ethyl

acetate/ethyl cellosolve volume ratio: 1/3) to thereby
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obtain a slurry for coating. The obtained slurry was
applied to one surface of aluminum foil 11a-(a current
collector) having a thickness of 15 pm, followed by
drying. The resultant coated aluminum foil was pressed
by means of a calender roll, to thereby obtain positive
electrode 11 having 88 pm-thick cathode active material
layer 11b.

(Negative electrode)

A needle coke as a negative active material,

' carboxymethyl cellulose as a dispersing agent and a

styrene-butadiene latex as a binder (needle coke/car-
boxymethyl cellulose/styrene-butadiene latex weight
ratio: }00/0.8/2.0) were mixed in purified water to
thereby obtain a slurry -for coafing. The obtained
slufry was applied fo one surface of copper foil 12a (a
current collector) having a thickness of 18 um, fol-
lowed by drying. The resultant coated copper foil was
pressed by means of a calender roll, to thereby obtain
negative electrode 12 having 124 um-thick anode active
material layer 12b.
(Aggregate form of particles of an insulating sub-
étance) |

An aggrégate form of particles of an insulating
substance was prepared by the method described below

using the materials described below.
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(Materiéls used)

Particles of an insulating substance: Particles
of a-Al,03 having an average particle diameter of 0.5
pm.

Binder: A fluororubber (Miraflon, manufactured
and sold by Asahi Chemical Industry Co.,LTD., Japan).

Solvent: A mixed solvent of ethyl acetate and
ethyl cellosolve (ethyl acetate/ethyl-cellosél&e volume
' ratio:.1/3).

'-(Preparation method)

A fluororubber (Miraflon) was dissolved in a mixed
solvent of ethyl acetate and ethyl cellosolve to obtain
a solution having a fluororubber content of 4.3 % by
weight. Then, to the obtained fiﬁororubber solution
were added particles of a-Al,03 to obtain a slurry
having'a solids content of 45.3 % by Weight; Using a
doctor blade, the obtained slurry was applied, in a.
predetermined uniform thickness, to the surface of
cathode‘active material layer 1llb of positive electrode
11, followed by drying in an oven at 120 °C for 15
mingtes, to thereby obtain separator 134, wherein
separator 13A was composed of a layer of an aggregate
form of particles of a-Al,03, and was directly formed,
in an immobilized form, on cathode active material

layer 11b. Separator 13A had a porosity of 52 %. The
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porosity was measured by means of a mercury porosimeter
(manufactured and sold by Shimadzu Corp., Japan) with
respect to a sample separator prepared in substantiélly
the same manner as in the preparation of separator 13A,
éxcept that the sample separator was formed on a dish
made of an aluminum foil and then, the obtained sample
separator was peeled off frpm the dish.

Positive electrode 11 having separator 13A (Which

was directly formed, in an immobilized form, on cathode
" active material layer 11b) was fabricated so as to have

"a surface area of 1.5 cm x 1.0 cm. Negative electrode

12 was fabricated so as to have a surface area of 1.55
cm ¥ 1.05 cm. (These surface areas are of the face-to-
face surfaces of both electrodeé.)

Then, the obtaihed positi#e electrode sheef and
the obtained negative electrode sheet were combined so
that cathode active material layer 11b and anode active
material layer 12b were arranged in a positional rela-
tionship opposite to each other through separator 13A
formed on cathode active material layver 11b, to thereby
obtain a sample unit cell having a structure as shown
in Fig. 7(a). (Example 1-A) In the obtained sample
unit cell, the thickness of separator 13A was 25 um.

Another sample unit cell having a structure as

shown in Fig. 7(b) was obtained in substantially the



51

same manner as in Exémple 1-A, except that separator
13A was also formed on anode active material layer 12b.
(Example 1;B) In the obtained sample unit cell of Fig.
7(b), the total thickness of the separators respectivef
ly formed on cathode active material layer 11lb and on
anode active material layer 12b was 50 uym. Each of the
obtained sample unit cells was immersed in an electro-
lytic liquid which had been prepared by dissolving
LiBF, in a miged solvent of propylene carbonate (PC),
"ethylene carbonate (EC) and 7-butyrolactone (7 -BL)

(PC/EC/ 7-BL wvolume ratio; 1/1/2, and LiBF4 concentra-
tion: 1.0 mol/liter), and the charge/discharge cycle
test was conducted under the following conditions.
(Charge/discharge conditions) .

Temperature : 25 °C
(1st cycle)

Charge : The charging operation was conducted
for 8 hours, in which the operation was started at a

current density of 1.0 mA/cm2

and, after the voltage of
the unit cell became 4.2 V, the current density was
‘controlled so as to maintain the'voltage at 4.2 V.
Discharge: The discharging operation was conducted
at a current.density of 1.0 mA/cm2 {corresponding to

1/3C, wherein C indicates the discharge rate (1.0C

corresponds to a'discharge current at which a fully

This Sheet Has Been Reilaced

(L
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chérged battery can complete discharging in 1 hour)}
until the voltage of the unit cell became 2.7 V. |
(2nd to 15th cycles)

Charge : The charging operation was conducted
for 6 hours, in which the operation was started at a
current density'of 1.0 mA/cm2 and, after the voltage of
the unit cell became 4.2 V, the current density was
controlled so as to maintain the voltage at 4.2 V.

Discharge: The discharging operation was conducted

" at a current density of 1.0 mA/cm2 (corresponding to

1/3C) until the voltage of the unit cell became 2.7 V.
(16th and 17th cycles)

Charge : The charging operation was conducted
under substantially the same coﬁditions as in the 2nd
to 15th cycles.

Discharge: The discharging operation was conducted
at a current density of 3.0 mA/cm2 (corresponding to
1.0C) until the voltage of the unit cell became 2.7 V.
(18th cycle)

Charge : The charging operation was conducted
under substantially the same conditions as in the 2nd
to 15th cycles.

Discharge: The discharging operation was conducted
under substantially the éame conditions as in the 2nd

to 15th cycles.
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(19th cycle)

'Charge : The charging operation was conducted
under substantially the same conditions as in the 2nd
to 15th cycles.

Discharge: The discharging operation was conducted
at a current density of 6.0 mA/cm2 (corresponding to
2.0C) until the voltage of the unit cell became 2.7 V.

With respect to each of the sample unit ‘cells, the

discharge capacity lowering ratio (%) between the 15th

' cycle and the 16th cyclé and the discharge capacity

lowering ratio (%) between the 18th dycle and the 19th

cYcle were calculated. Results are shown in Table 1.

Comparative Example 1

Sample unit cells each having a structure as shown
in Fig. 1(B) was prepared as follows.

Positive electrode 11 and negative electrode 12
were individually obtainéd'in substantially the same
manner as in Example 1. Positive electrode 11 and
negative electrode 12 were fabricated so as to have a
surface area of 1.5 cm x 1.0 cm and a surface area of
1.55 cm x 1.05 cm, respectively. (These surface areas
are of the féce—to—face surfaces of both electrodes.)
Then, the obtained positive electrode sheet, the ob-

tained negative électrode sheet and separator 13 {a
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microporous polyethylene (PE) film having a thickness
of 25 um and a porosity of'48 %)} were combined so that
cathode active material layer 11lb and anode active
material layer 12b were arranged in a positional rela-
tionship opposite to each other through separator 13,
to thereby obtain a sample unit cell having a structure
as shown in Fig. 1(B). (ComparativelExample 1-A)

Another sample unit cell was obtained in substan-~

tially the same manner as in Comparative Example 1-A,
' except that use was made of a microporous PE film

" having a thickness of 34 pm and a porosity of 63 % as

separator 13. (Comparative Example 1-B)

The porosity of each of the above-mentioned mi-
croporous PE films was calculatéd by the following
formula:

quosity = (total volume of pores in the

microporous film/volume of the
microporous film) x 100

wherein the total volume of pores is the wvalue

obtained by subtracting the weight of the

microporous film in the dry state tﬁereof from the
weight of the microporous film in the wet state
thereof.in which the microporous filﬁ is
impregnated with water.

Each of the obtained sample unit cells was im-
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mersed in the same electrolytic liquid as in Example 1,
and the charge/discharge .cycle test was conducted under
the same conditions as in Example 1. With respect to
each of the obtained sample unit cells, the discharge
capacity lowering ratio (%) between the 15th cycle and
the 16th cycle and the discharge capacity lowering
ratio (%) between the 18th cycle and the 19th cycle

were calculated. Results are shown in Table 1.



Table 1

Discharge
capacity E15
at the

15th cycle
(current den-

Discharge
capacity E16
at the

16th cycle
(current den-

Discharge
capacity
lowering ratio

between the 15th

cycle and the

Discharge

capacity E18-

at the
18th cycle
(current den-

Discharge
capacity E19
at the

19th cycle
(current den-

Discharge
capacity
lowering ratio
between the
18th cycle and

sity: 1/30C) sity: 1.0C) 16th cycle sity: 1/3C) sity: 2.0C) the 19th cycle

(mAh) (mAh) (%) (mAh) (mAh) (%)
Example 1-A - 4,326 L.o17 =7.1 4,311 2.354 -45.4
Example '1-B I.342 4,076 -6.1 4.303 1.553 -63.9
Comparative 4,350 3.959 -9.0 4,337 1.341 -69.1
Example 1-A
Comparative 4,383 4,058 -7.4 4,364 1.502 -65.6
Example 1-B : :

Discharge capacity lowering ratio (%) between the
[En-E(n-l) ]/E(n-l) x 100.

(n-1)-th cycle and the n-th cycle :

9g
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As can.be seen from Table 1, the sample unit cell
obtained in Example 1-A had a markedly small discharge
capacity lowering ratio (%) between the 18th cycle (in
which the discharge current density was 1/3C) and the
19th cycle (in which the discharge current density was
1.0C), as compared to the sample unit cell obtained in
Comparative Exémple 1-A in which the separator used had

the same thickness as that of the separator used in

Examples 1-A. That is, the battery of the present
" invention has improved discharge characteristics at a

“high current density, which are superior to those of a

battery using a conventional microporous PE film sepa-

rator. The reason for this is presumed to be as fol-

" lows. The separator used in the present invention,

which comprises a layer of an aggregate form of parti- -
cles of at least one insulating substance, has a unique
pore structure in which the morphology of the pores -and
the distribution 6f the pore diameters are different
from those of the conventional microporous PE film
separator, ana the above-mentioned unigque pore struc-
fure of the separator used in the ﬁresent invention is
more effective for achieving a high ion conductive
property thah the pore structure of the above-mentioned
conventional separator. It is presumed that, due to

such a high ion conductive property of the separator,
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the sample unit cell using the separator used in the
present invention exhibits improved discharge charac-
teristics at a high current density. This can be
confirmed by the fact that the sample unit cell ob-
tained in Example 1-B (which had a separator having a
thickness which is much larger than those of the sepa-
rators respectively obtained in Comparative Examples 1~

A and 1-B), exhibited excellent discharge characteris-

tics, as compared to the sample unit cells respectively

' obtained in Comparative Examples 1-A and 1-B.

- Further, the sample unit cell obtained in Example
1-A has a markedly small discharge capacity lowering
ratio (%) between the 18th cycle (in which the dis-
charge current density was.1/3ci'and the 19th cycle (in
which the discharge current density was 2.0C), as
compared to the sample unit cell obtained in Compara-
tive Example 1-B which had a pbrosity which is higher
than that of the separator used in the sample unit cell
of Example 1-A and had a thickness which is 1arger than
that of the separator used in the unit cell of Example
1-A. The reason for this is as follows. Although the
separator used in the sample unit cell of Example 1-A
had a porosify which is lower than that of the conven-
tional separator used in the sample unit cell of Com-

parative Example'l—B, the separator used in the sample
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unit cell of Example l-A'had a thickness which is much
smaller than that of the conventional separatgr used in
the sample unit cell of Comparative Example 1-B (which
necessarily has a large thickness so as to avoid break-
age of the separator during the handling thereof). Due
to such a small thickness of the separator, the ion

conductive properfy of the separator was improved, so

that the sample unit cell obtained in Example 1-A
exhibited improved discharge characteristics at a high

' discharge current density.

Example 2

Using a sample unit cell having a structure as
shown in Fig. 7(b) and a sample'ﬁnit cell having a
structure as shown in Fig. 7(c¢), the charge/discharge
cycle characteristics of the battery of the present
invention were examined in substantially the same
manner as in Example 1.

Sheet electrodes-were individually produced as
follows.

(Positive electrode)

LiCo0, as a cathode active material, a lamellar

graphite and‘acetylene black, each as a filler, and a

fluororubber as a binder (LiCQOz/lamellar

graphite/acetylene black/fluororubber weight-fatio:
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100/2.5/2.5/1.96) were mixed in a mixed solvent of

| ethyl acetate and ethyl cellosolve (ethyl acetate/ethyl

cellosolve volume ratio: 1/3) to thereby.obtain a paste
for coating. The obtained paste was applied to one
surface of aluminum foil 1la (a current collector)
having a thickness of 15 pm, followed by drying. The
resultant coated aluminum foil was pressed by means of

a calender roll, to thereby obtain positive electrode

11 having 87 um-thick cathode active material layer

" 11b.

(Negativé electrode)

A mesophase pitch carbon fiber graphite and a
lamellar graphite, each as an anode active material,
carboxymethyl cellulose as a diépersing'agent and a
latex as a binder (mesophase pitch carbon fiber graph-
ite/lamellar graphite/carboxymethyl cellulose/latex
weight ratio: 90/10/1.4/1.8) were mixed in purified.
water to thereby obtain a paste for coating. The
obtained paste was applied to one surface of copper
foil 12a (a current collector) having a thickness of 12
pm, followed by drying. The resultant coated copper

foil was pressed by means of a calender roll, to there-~

. by obtain negative electrode 12 having 81 pm-thick

anode active material layer 12b.

(Aggregate form of partidles of an insulating sub-
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stance)

An aggregate form of particles of an insulating
substance was prepared by the method described below
using the materials described below.

(Materials'used)

Particles of an insulating substance: Particles
of a'AlZQS having an average particle diameter of 1.0
pm.

Binder: Polyvinylidene fluoride (PVDF) (KF#1100,
manﬁfactured and sold by Kureha Chemical Industry Co.,
Ltd., Japan).

Solvent: 1l-methyl-2-pyrrolidone (NMP).
(Preparation method)

Particles of a-Al,05 and pafticles of PVDF (a-
A1203/?VDF weight ratio: 100/5) were mixed with each
other to obtain a powder mixture. Then, to the ob-
tained powder mixture was added NMP to obtain a slurry
having a solids content of 56.8 % by weight.

Using a doctor blade,‘the obtained slurry was
applied, in a predetermined uniform thicknesé, to each
of the surface of cathode active material layer 1l1lb of
positive electrode 11 and the surface of anode active
material layér 12b of negative electrode 12, followed
by drying in an oven at 120 °C for 15 minutes, to

thereby obtain separators 13A and 13B, wheréin each of
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sepafators 13A and 13B was compoéed of a layer of an
aggregate form of particles of a-Al,03, and separators
13A and 13B were directly formed, in an immobilized
form, on cathode active material layer 1lb and anode
active material layer 12b, respectively. Each of
separators 13A and 13B had a porosity of 52 %. The
porosities of separators 13A and 13B were measured by

means of a mercury porosimeter (manufactured and sold

_by Shimadzu Corp., Japan) with respect to sample sepa-

rators prepared in substantially the same manner as in
the preparation of separator_léA and the preparation of
separator 13B, respectively, except that each of the
sample separators.was formed on a dish made of an
aluminum foil and then, peeled eff from the dish.

Positive electrode 11 having separator 13A (which
was directly formed, in an immobilized form, on the
cathode active material layer 11b) was fabricated so as
to have a surface area of 1.5 cm x 1.0 cm.‘ Negative
electrode 12 having separator 13B (which was directly
formed, in an immobilized form, on anode active materi-
al 1ayer 12b) was fabricated so as to have a surface
area of 1.55 cm x 1.05 cm. (These surface areas are of
the-féce—to—face surface of both electrodes.)

Then, the obtained positive electrode sheet and

the obtained negative electrode sheet were combined so
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that cathode aétive material layer 11lb and anode active
material layer 12b were arranged in a positional rela-
tionship opposite to each other through separator 13A
formed on cathode active material layer 1lb and separé-
tor 13B formed on anode active material layef 12b, to
thereby obtain a saﬁple unit cell having a structure as
shown in Fig. 7(b). (Example 2-A) In the obtained

sample unit cell, the total thickness of separators 13A

;and 13B respectively formed on cathode active material

layer 1llb and anode active material layer 12b was 25
pm.

Ahother_sample unit cell was obtained in substan-
tially the same manner as in Example 2-A, excepf that
the thickness of each of separatbrs 13A_and 13B was
controlied so that the total thickness of separators
13A and 13B becomes 10 pm. (Example 2-B)

Using positive electrode 11, negative electrode 12
and a slurry (which is a méferial for the separator)
each prepared in the same manner as in Examples 2-A and
2-B, still another sample unit cell having a structure
as shown in Fig. 7(c) was prepared as follows. The
above-mentioned slurry was applied to the surface of

cathode active material layer 1llb of positive electrode

" 11. Subsequently, positive electrode 11 and negative

electrode 12 were combined so that cathode active
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material layer 11lb and anode active material layer 12b
were arranged in a positional relationship opposite to
each other through the slurry coated on cathode active
material layer 1l1lb, followed by drying to.remove, by
evaporation, the solvent contained in the slurry, to
thereby obtain a laminate structure in which separator
13C was directly formed, in an immobilized form, on

each of cathode active material layer 1llb and anode

active material layer 12b. The laminate structure was

fabricated so as to have a surféce area of 1.5 cm x 1.0
cm, to thereby obtain a sample unit cell having a
structure as shown in Fig. 7(c¢). (Example 2-C) In the
obtained sample unit cell, the thickness of separator
13C was 25 pm. '. |

Each of the obtained sample unit cells was im-
mersed in an electrolytic liquid which had been pre-
pared by dissolving LiPFg in a mixed solvent of ethy-
lene carbonate (Ec) and diethylene carbonate (DEC)
(EC/DEC volume ratio: 1/1, and LiPFg concentration: 1.0
mol/liter), and the charge/discharge cycle test was
coﬁducted under the conditions as mentioned below.

In Comparative Example 2, a sample unit cell was
prepared as follows. Positive electrode 11 and nega-
tive electrode 12 were individually obtained in sub-

stantially the same manner as in Example 2-A and
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Example 2-B. The obtained positive electrode 11 and
the obtained negative electrode 12 were fabricated so
as to have a surface area of 1.5 cm x 1.0 cm and a
surféce'area_of 1.55 cm x 1.05 om, respectively. (Thesé
surface areas are of the face-to-face surface of both
electrodes.) Then, the obtained positive electrode

sheet and the obtained negative electrode sheet were

combined so that cathode active material layer 11b and

anode active material layer 12b were arranged in a

positional relationship opposite to each other through

separator 13 which is a microporous polyethylene (PE)

film having a thickness of 25 uym and a porosity of 36

%, to thereby obtain a sample unit cell having a struc-
ture as shown in Fig. 1(B). Eaéh of the obtained
sample unit cells was immersed in the same electrolytic
liguid és in Example 2, and the.charge/discharge cycle
test was conducted under the same conditions as in
Example 2.
The porosity of the microporous PE film was calcu-
lated by the following formula:
Porosity = (total“volume of pores in the
microporous film/volume of the
microporous film) x 100
wherein-the total volume of pores is the wvalue

obtained by subtractihg the weight of the



10

15

20

25

66

microporous film'in the dry state thereof from the

weight of the microporous film in the wet state

thereof in which the microporous film is

impregnated with water.

With respect to each of the sample unit cells
respectively bbtained in Examples 2-A, 2-B and 2-C, and
Comparative Example 2, the charge/discharge cycle test

was conducted under the following conditions.

(Charge/discharge conditions)

Temperature: 25 °C
(1st cycle to 10th cycle)

Charge : The charging operation was conducted
for 6 hqurs, in which the operation was started at a
current density of 1.0 mA/cm2 aﬂd, after the voltage of
the unit cell became 4.2 Vv, the current density was
controlled so as to maintain the voltage at 4.2 V.

Discharge: The discharging operation was conducted
at a current density of 1.0 mA/cm2 (corresponding to

1/3C) until the voltage of the unit cell became 2.7 V.

(11th cycle)

Chérge : The charging operation was conducted
under substantially the same conditions as in the lst
to 10th cyclés.

Discharge: The_disdharging operation was conducted

at a current density of 3.0 mA/cm2 (corresponding to
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1.0C) until the voltage of the unit cell became 2.7 V.
(12th cycle)

Chaige : The charging operation was conducted
under substantially the same conditions as in the 1lst
to 10th cycles.

Dischargei The discharging operafion was conducted
under substantially the same conditions as in.the 1st

to 10th cycles.

(13th cycle)

Charge : The charging operation was donducted
under substantially.the.same conditions as in the 1lst
to 10th cycles.
| Discharge: The discharging operation was conducted
at a current denéity of 6.0 mA/éhz (corresponding to
2.0C) until the wvoltage qf the unit cell became 2.7 V.

With respect to each of the sample unit cells
obtained in Examples Z—A,_Z—B, 2-C and Comparative
Example 2, the discharge capacity lowéring ratio (%)
between the 10th cycle ana the 11th cycle and the

discharge capacity lowering ratio (%) between the 12th

cycle and the 13th cycle were calculated. Results are

shown in Table 2.



Table 2

Discharge. Discharge Discharge Discharge Diécharge Discharge

capacity E10 capacity Ell capacity capacity E12 capacity E13 capacity

at the at the lowering ratio |at the at the lowering ratio

10th cycle 11th cycle between the 10th{12th cycle 1st cycle between the 12th

(current den~ {(current den~ [cycle and the (current den- |{current den- |[cycle and the

sity: 1/3C) sity: 1.0C) 11th cycle sity: 1/3C) sity: 2.0C) 13th cycle

(mAh) - (mAh) (%) (mAh) (mAh) (%)

Example 2-A 5.027 LTIV -1.7 5.002 4,695 -6.1
Example 2-B 5.031 4,977 -1.1 5.005 4,821 -3.7
Example 2-C 5.011 4,933 -1.6 4,998 4,655 -6.9
Comparative 5.025 4,925 -2.0 5.000 4 425 -11.5
Example 2

Discharge capacity lowering ratio (%% between the

(n-1)-th cycle and the n-th cycle :

T ME

'paoells}i usag SeH 193YS SUL

En"E(n_l)]/E(n_l) x 100,

89
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As can be seen from Table 2, the sample unit cell
obtained in Example 2-A had a markedly small discharge
capacity lowering ratib (%) between the 12th cycle (in
which the discharge current density was 1/3C) and the
13th cycle (in which the discharge current density was
2.0C), as compared to the sample unit cell obtained in
Comparative Example 2 in which the separator used had

the same thickness és that of the separator used in

Examples 2-A. That is, the battery of the present

invention has improved discharge characteristics at a
high current density, which are superior to those of a
battery using a conventional microporous PE film sepa-
rator. The reason for this is presumed to be as fol-
lows. The separatér used in thé present invention,
which compriées a layer of an aggregate form of parti-
cles of at least one insulating substance, has a unique
pore structure in which the morphology of the pores .and
the distribution of the pore diameters are different
from those of the conventional microporous PE film
separator, and the above-mentioned unique pore struc-
ture_of the separator used in the present invention is
more effective for achieving a high ion conductive
property than the pore structure of the above-mentioned
conventional separator. It is presumed that, due to

such a high ion conductive property of the separator,
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the sample unit cell using the separator used in the
present invention exhibits improved dischargé charac-
teristics at a high current density.

The sample unit cell obtained in Example 2-B
exhibited even more improved discharge charactgfistics
at a.high current density than the sample unif cell
obtained in Example 2~A. Such improved discharge

characteristics can be presumed to be attributed to the

small thickness of the separator used in the sample

cell of Example 1-B, which is even smaller than the
thickness of the separator used in the sample unit cell
of Example 1-A.

Fu;ther, the sample unit cell obtained in Example
2-C, which has a construction iﬁ which the separator
was directly formed, in an immobilized form, on each of

the cathode active material layer and the anode active

‘material layer, also exhibited improved discharge

characteristics.

Example 3

A sample unit cell was obtained in substantially
the same manner as in Example 2-A (Example 3), and
another sampie unit cell was obtained in substantially
the same manner as in Comparative Example 2 (Compara-

tive Example 3). With respect to each of the obtained
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sample unit cells, the charge/discharge cycle test was
cpnducted under the conditions as mentioned below. In
Example 3 and Comparative Example 3, the charge/dis-
charge tests were conducted in order to demonstrate
that the separator used in the battery of the present
invention has nof only an improved ion conductive
property, but also an improved durability, as compared

to a conventional separator.

(Charge/discharge conditions)

(1st cycle)

Charge : The charging operation was conducted
for 6 hours, in which the operation was started at a
current density of 1.0 mA/cm2 and, after the voltage of
the unit cell became 4.2 V, theiéurrent density was
controlled so as to maintain the voltage at 4.2 V.

Discharge: The discharging operation was conducted
at a current density of 1.0 mA/cm2 (corresponding to
1/3C) until the voltage of the unit cell becamg 2.7 V.
(2nd to 200th cycles)

Charge .= : The charging opgration was conducted
for 3 hours, in which the operation was started at a

2 and, after the voltage of

current density of 3.0 mA/cm
the unit cell became 4.2 V, the current density was
controlled so as to maintain the voltage at 4.2 V.

Discharge: The discharging operation was conducted.
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at a current density of 3.0 mA/cm2 (corresponding to
1.0C) until the voltage becomes 2.7 V.

With respect to each of the sample unit cells, the
discharge capacity maintaining ratio {i.e., the ratio
(%) of the discharge capacity at the 200th cycle to the
discharge capacity at the 2nd cycle} were calcﬁlated.
As a result, it was found that the discharge capacity

maintaining ratio in Example 3 was 88.8 %, and that the

ratio in Comparative Example 3 was 83.8 %. That is,

although the thickness of the separator used in the
sample unit celi of Example 3 was the same as that of
the separator used in the sample unit cell of Compara-
tive Example 3, the discharge capacity maintaining
ratio of the sample unit cell of Example 3 was higher
than that of the sample unit cell of Comparative Exam-
ple 3. From the above, it is apparent that the separa-
tor used in the battery of the present invention, which
comprises a layer of an aggregate form of particles of
at least one insulating substance, has improved
durability, as compared to the conventional microporous

PE film separator.

Example 4

Using a sample unit cell having a structure as

shown in Fig. 7(b), the charge/discharge cycle charac-
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teristics of the battery of the present invention were
examined in substantially the same manner as in Exam-
ples 1 and 2.
(Electrodes)

Sheet electrodes were individually produced in
substantially the same manner as in Examples 2-A, 2-B
and Example 3.

(Aggregate form of particles of an insulating sub-

stance)

An aggregate form of particles of an insulating
substance was prepared by the method described below
using the materials described below.

(Materials used)

Particles of an insulatingzsubstance: Zeolite
having a SiOZ/A1203 molar ratio of 29. |

Binder: Polyvinylidene fluoride (PVDF) (KF#1100,
manuféctured and sold by Kureha Chemical InduStry Co.,
Ltd., Japan).

Solvent: 1l-methyl-2-pyrrolidone (NMP).

' (Preparation method)

Particles of a zeolite and particles of PVDF
(zeolite/PVDF weight ratio: 100/5) were mixed with each
other to obtéin a powder mixture. Then, to the ob-
tained powder mixture was added NMP to obtain a slurry

having a solids content of 55.0 % by weight.
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Using a doctor blade, the obtained slurry was
applied, in a predetermined uniform thickness, tb each
of the surface of cathode active material layer 11lb of
positive electrode 11 and the surface of anode active
material layer 12b of negative electrode 12, followed
by drying in an oven at 120 °C for 15 minutes, to
thereby obtain sepérators 13A and 13B, wherein each of

separators 13A and 13B was comprised of a layer of an

aggregate form of particles of a zeolite, and separa-

tors 13A and 13B were directly formed, in an immo-
bilized form, on cathode active material layer 1l1b and
anode active material layér 12b; respectively. Each of
the obtained separators 13A and 13B had a porosity of
50 %. The porosities of separafbrs 13A and 13B were.
measured by means of a mercury porosimeter (manufac-
tured and sold by Shimadzu Corp., Japan) with respect
to sample sepafators prepared in substantially the same
manner as in the preparation of separator 13A and the
preparation of separator 13B, respectively, except that
each of the sample separators was formed on a dish made
of an aluminum foil and then, peeled off from the dish.
Positive electrode 11 having separator 13A (which
was directly.formed, in an immobilized form, on cathode
active material layer 11b) was fabricated so as to have

a surface area of 1.5 cm x 1.0 cm. Negative electrode
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12 having'separator 13B (wﬁich was directly formed, in
én immobilized form; on'anbde active material layer
12b) was fabricated so as to have a surface area of
1.55 cm x 1.05 cm. (These surface areas are of the
face-to-face surfaces of both electrodes.)

Then, the obtained positive elecfrode sheet and
the obtained negative electrode sheet were coﬁbined so

that cathode active material layer 11lb and anode active

material layer 12b were arranged in a positional rela-

tionship opposite to each other through separators 13A
and 13B respectively formed on cathode aqtive material
layer 11lb and anode active material layer 12b, to
thereby:obtain a sample unit cell having a structure as
shown in Fig. 7(b). In the obtéined sample unit cell,
the total thickness of the separator respectively
formed on cathode active material layer 11b and anode
active material layer 12b was 25 .pm. The obtained
sample uﬁit cell was immersed in an electrolytic liquid
ﬁhich had been prepared by dissolving LiPFg in a mixed
solvent of ethylene carbonate (EC) and diethyl.car—
bonate (DEC) (EC/DEC volume ratio: 1/1, LiPFg concen-
tration: 1.0 mol/liter), and the charge/discharge cycle
test was conducted under the same conditions as in
Example 2. (Example 4)

With respect to the obtained sample unit cell, the .
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discharge capacity lowering ratio (%) between the 10th
cycle and the 11th cycle and the discharge capacity_
lowering ratio (%) between the 12th cycle and the 13th
cycle were calculated. Results are shown in Table 3.
In Table 3, the data shown as the results of Com-
parative Example 4 are the feproduction of the results

of Comparative Example 2 shown in Table 2 above.



Table 3

Discharge Discharge Discharge Discharge Discharge Discharge
capacity ElO capacity Ell capacity capacity E12 capacity E13 capacity
at the at the lowering ratio [at the - at the lowering ratio
10th cycle 11th cycle between the 10th|12th cycle 1st cycle between the 12th
(current den- |{current den- |cycle and the (current den- |{current den~ |cycle and the
sity: 1/3C) sity: 1.0C) 11th cycle sity: 1/3C) sity: 2.0C) 13th cycle
(mAh) (mAh) (%) (mAh) ' (mAh) (%)
Example 4 5.040 4,960 -1.6 5.009 b 771 -4.8
Comparative 5.025 4,925 -2.0 5.000 4. 425 -11.5
Example 4
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As can be seen from Table 3, the'sample unit cell
obtained in Example 4 had a markedly small discharge
capacity lowering ratio (%) between the 12th cycle (in
which the.discharge current density was 1/3C) and the
13th cycle (in which the discharge current density was
2.0C), as compared to the sample unit celi obtained in
Comparative Exampie 4 in which the separator used had

the same thickness as that of the separétor used in

Example 4. That is, the battery of the present inven-

tion has improved discharge characteristics at a high
current density, which are superior to those of a bat-
tery using a conventional microporous PE film separa-
tor. As already mentioned above, the reason for this
is presumed to reside in that tﬁé separator used in the
present invention has a unique pore structure which is
more effective for achieving a high ion conductive
property than the pore structure of the above-mentioned
conventional separator, and that, due to such an im-
proved ion conductivity of the separator, the sample
unit cell using the.separator-of the'present invention
exhibits improved discharge characteristics at a high

current density.

Example 5

Using a sample unit cell having a structure as
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shown in Fig. 7(b), the charge/discharge cycle charac-

teristics of the battery of the present invention were
examined in substantially the same manner as in Exam-
ples 1, 2 and 4.
(Electrodes)

Sheet electrodes were individually produced in
substantially the same manner as in Examples 2, 3 and

4.

(Aggregate form of particles of an insulating sub-

stance)

An aggregate form of particles of an insulating
substance was prepared by the method described below
using tbe materials described below.

(Materials used) 2

Particles of an insulating substance: Polypara-
phenylene terephthalamide (aramide) (manufactured and
sold, under the tradename "Twaron", by Nihon Aramide
Kabushiki Kaisha).

Bihder: Polyvinylidene fluoride (PVDF) (KF#1100,
manufactured and scld by Kureha Chemical Industry Co.,
Ltd., Japan).

Solvent: 1l-methyl-2-pyrrolidone (NMP).
(Preparation-method)

- Particles of aramide and particles of PVDF.(ara;

mide/PVD weight ratio: 100/5) were mixed with each
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other to obtain a powder mixture. Then, to the ob-

tained powder'mixture was added NMP to obtain a slurry

having a solids content of 50.0 % by weight.

Using a doctor blade, the obtained slurry was
applied, in a predetermined uniform thickness, to the
surface of cathode active material layer 1llb of posi-
tive electrode 11 and the surface of anode acfive

material layer 12b of negative electrode 12, followed

by drying in an oven at 120 °C for 15 minutes, to

thereby obtain separators 13A and 13B, wherein each of
separators 13A and 13B was comprised of a layer'of an
aggregate form of particles of aramide, and separators
13a and_13B were directly formed, in an immobilized
form, on cathode activé materiaillayer 11lb and anode
active material layer 12b, respectively. Each of the
separators had a porosity of 50 %. The porosities of
separators 13A énd 13B were measured by means of a
mércury porosimeter (manufactured and sold by Shimadzu
Corp., Japan) with respect to sample separators pre-
pared in substantially the same manner as in the prepa-
ration of separator 13A and the preparation of separa-
tor 13B, respectively, except that each of the sample
separators wés formed on a dish made of an aluminum
foil and then, peeled off from the dish.

Positive eléctrode 11 ha?ing'separator 13A (which
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was directly formed, in an immobilized form, on cathode
active material layer 11lb) was fabricated so as to have
a surface area of 1.5 cm x 1.0 cm. Negative electrode
12 having separator 13B (which was directly formed, in
an immobilized form, on anode active material layer
12b) was fabricated so as to have a surface area of -
1.55 cm x 1.05 cm. (These surface areas are of the
face-to-face surfaces of both electrodes.)

Then, the obtained positive electrode sheet and
the obtained negative eiectrode sheet were combined so
that cathode active material layer 1llb and anode active
material 1aYer 12b were arranged in a positionallrela—
tionship opposite to each other through separators 13A
and 13B respectively formed on éathode active material
layer 11lb and anode active material layer 12b, to
théreby obtain a sample unit cell having a structure as
shown in Fig. 7(b). In the obtained sample unit cell,
the total thickness of the separator respectively
formed on cathode active maferial layer 11b and anode
active material layer 12b was 25 um. The obtained
sample unit cell was immersed in an electrolytic liquid
which had been prepared by dissolving LiPFg in a mixed
solvent of efhylene carbonate (EC) and diethyl car-
bonate (DEC) (EC/DEC wvolume ratio:'l/l, LiPF6 concen-

tration: 1.0 mol/liter), and the charge/discharge cycle
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test.was conducted under the same conditions as in
Examples 2 and 4. (Example 5)

With respect to fhe sample unit cell, the dis-
charge capacity lowering ratio (%) between the 10th
cycle and the 11lth cycle and the discha:ge capacity
lowering ratio (%) between the 12th cycle and the 13th
cycle were calculated. Results are shown in Table 4.

In Table 4, the data shown as the results of

Comparative Example 5 are the reproduction of the

results of Comparative Example 2 shown in Table 2

above.



Table 4

Discharge Discharge Discharge Discharge Discharge Discharge
capacity ElO capacity Ell capacity capacity E12 {capacity E13 capacity
at the at the lowering ratio Jat the - lat the lowering ratio
10th cycle 11th cycle between the 10th{12th cycle 1st cycle between the 12th
(current den- |{current den- |cycle and the .{(current den- |(current den- |cycle and the
sity: 1/3C) sity: 1.0C) 11th cycle sity: 1/3C) sity: 2.0C) 13th cycle
(mAh) (mAh) (%) (mAh) (mAh) (%)
Example 5 5.027 L4, olly -1.7 5.003 4.766 -4.7
Comparative 5.025 4.925 -2.0 ' 5.000 4,425 -11.5
Example 5 :
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As can be seen frpm Table 4, the sample unit cell
obtained in Example 5 had a markedly small discharge
capacity lowering ratio (%) between the 12th cycle (in
which the discharge current density was 1/3C) and the
13th cycle (in which the discharge current density was
2.0C), as compared to the sample unit celi of Compara-
tive Example 5 in which the separator used had the same

thickness as that of the separator used in Example 5.

Example 6.

Using a sample unit cell having a structure as
shown in Fig 7(b), the charge/discharge cycle charac-
teristics of the battery of the present invention were
examined in substantialiy the séﬁe manner as in Exam-
ples 1, 2, 4 and 5.

(Electrodes)

Sheet electrodes were individually produced in-
substantially the same mannér as in Examples 2, 3, 4
and 5.

(Aggregate form of particles of an insulating sub-
stance)

An aggregate form of particles of an insulating
substance waé prepared by the method described below
using the materials described below.

(Materials for the positive electrode)
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Particles of an insulating substance: Pértiules
of a-Al,04 haﬁing an average particle diameter of 1.0
pm.

- Binder: Polyvinylidene fluoride (PVDF) (KF#1100,
manufactured and sold by Kureha Chemical Industry Co.,
Ltd., Japan).

Solvent: 1l-methyl-2-pyrrolidone (NMP).
(Preparation method)

Particles of a-Al,05 and particles of PVDF (a-

Al,05/PVDF weight ratio:_lOO/S) were mixed with each -

other to obtain a powder mixture. Then, to the obtained

powder mixture was added NMP to obtain a slurry having

" a solids content of 56.8 % by weight.

Using a doctor blade, the obtained slurry was
applied, inla predetermined uniform thickness, to the
Surfacé of cathode active material 1a§er 11b of posi-
tive electrode 11, followed by drying in an oven at - 120
°C for 15 minutes, to thereby obtain separafor-lSA,
wherein separétor 13a was comprised of a layer of an
aggregate form of particles of a-Al,03, and was direct-
ly formed, in an immobilized form, on cathode active
material layer 11b. Separator 13A had a porosity of 52
%. The poroéity was measured by means of a mercury
porosimeter (manufactured and sold by Shimadzu Corp.,

Japan) with respéct to a sample separator prepared in
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substantially the same manner as in the preparation'of
separator 13A, except that the sample separator was
formed on a dish made of an aluminum foil and then, the
obtained sample separator was peeled off from the dish.
Positive electrode 11 having separator 13A (which
was comprised of an aggregate form of particles of a-
Al,03, and directly formed, in an immobilized form, on

cathode active material layer 1llb) was fabricated so as

to have a surface area of 1.5 cm x 1.0 cm.

(Materials for the negative electrode)

Particlés of an insulating substance: Polyethy-
lene.

Binder: Carboxymethyl cellulose and latex.

Solvent: Purified water. ’
(Prepafation method)

| Carboxymethyl cellulose was dissolved in purified

water to obtain an agqueous solﬁtion having a carboxy-
methyl cellulose content of 2.0 % by weight. Then, to
the obtained_aqueous solution of carboxymethyl cellu-

lose were added the particles of polyethylene, and then

-a latex having a solids content of 4.2 % by weight, to

obtain a slurry (polyethylene/carboxymethyl
cellulose/lafex weight ratio: 100/1/2, solids content:
45.0 % by weight).

Using a doctor blade, the obtained slurry was
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applied, in a predetermined uniform thickness, to the
surface of anode active material layer 12b of negative
electrode 12, followed by drying in an oven at 100 °C
for 15 minutes, to thereby obtain separator 13B, wher-
ein separator'13B was comprised of a layer of an ag-
gregate form of particles of polyethylene, and was
directly formed, in an immobilized form, on anode

active material layer 12b. Separator 13B had a porosi-

ty of 50 %. The porosity was measured by means of a

mercury porosimeter (manufactured and.sold by Shimadzu
Corp., Japan) with respect to a sample separator pre-
pared in substantially the same manner as in thé prepa-
ration qf separator 13B, except that_thelsample separa-
for was formed on a dish made of-an aluminum foil and
then, the obtained sample separator was peeled off from
the dish.

Negative électrode 12 having separator 13B (which
was composed of an aggregate form of particles of
polyethylene, and directly formed, in an immobilized
form, on anode active matérial layer 12b) was fabricat-
ed so as to have a surface area of 1.55 cm x 1.05 cm.
(The surface areas of separators 13A and 13B are of the
face—to-face'surfaces of both electrodes.)

Then, the obtained positive electrode sheet and

the obtained negative electrode sheet were combined so
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that cathode active material layer 1llb and anode active

‘material layer 12b were arranged in a positional rela-

tionship opposite.to each other through separators 13A
and 13B respectively formed on cathode active material
layer 11b and anode active material layer 12b, to
thereby obtain a sample unit cell having a structure as
shown in Fig. 7(b). In the obtained sample unit cell,

the total thickness of the separator respectively

formed on cathode active material layer 1lb and anode.

active material layer 12b was 25 pym. Each of the
obtained sample unit cells was immersed in an electro-
lytic liquid which had been prepared by dissolving
LiPF6 ip a mixed éolvent of ethylene carbonate (EC) and
diethyl carbonate (DEC) (EC/DEC.Qolume ratio: 1/1,
LiPFg concentration:-l.o mol/liter), and the
charge/discharge cycle test was conducted under the
same conditions as in Examples 2, 4 and 5. (Example-6)
With respect to the sample unit cell, the dis-
charge capacity lowering ratio (%) between the 10th
cycle and the 1llth cycle and the discharge capacity
lowering ratio (%) between the 12th cycle and the 13th
cycle were calculated. Results are shown in Table 5.
In Tablé 5, the data shown as the results of
Compafative Example 6 are fhe reproduction of the

results of Comparative Example 2 shown in Table 2
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Table 5

Discharge Discharge Discharge Discharge Discharge Discharge
capacity E10 capacity Ell capacity capacity E12 capacity E13 capacity
at the " |lat the lowering ratio |at the at the lowering ratio
- 10th cycle 11th cycle between the 10th|12th cycle 1st cycle between the 12th
(current den- |(current den- jcycle and the (current den- {(current den- [cycle and the
sity: 1/3C) sity: 1.0C) 11th cycle sity: 1/3C) sity: 2.0C) 13th cycle
(mAh) (mAh) (%) (mAh) (mAh) (%)
Example 6 5.016 4,923 -1.9 4. 998 4,732 -5.3
Comparative 5.025 4,925 -2.0 5.000 L 425 -11.5
Example 6
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As can be seen from Table 5; the sample unit cell
obtained in Example 6 had a markédly small discharge
capacity lowering ratio (%) between the 12th cycle (in
which the discharge current density was 1/3C) and the
13th cycle (in which the discharge current density was
2.0C), as compared to the sample unit cell obtained in
Comparative Example 6 in which the separator used had

the same thickness as that of the separator used in

Examples 5. That is, the battery of the present inven-

tion has improved discharge characteristics at a high
current density, which are superior to those of 'a bat-
tery using a conventional microporous PE film separa-
tor. As already mentioned above, the reason for this
is presumed to reside in that tﬁé separator used in the
present invention has a unique pore structure which is
more effective for achieving a high ion conductive
propefty.than the pore structure of the above-mentioned
conventional separator, and that, due to such an im-
proved ion conductivity of the separator, the sample
unit cell using the separator used in the present
invention exhibits improved discharge characteristics
at a high current density.

Further, in the case of the sample unit cell of
Example 6, which has a double-separator structure

(comprised of separator 13A and separator 13B) formed
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between positive electrode 11 and negative electrode
12, in which separator 13A (formed on cathode active
material layer 1lla) comprises a layer of particles bf
an inorganic compound having a high melting point (2055
°C) and separator 13B (formed on anode active material
layer 1l2a) comprises a layer of particles of a synthet-

ic resin having a low melting point (140 °C), the

~double-separator structure also functions as a fuse.

That is, when a battery having such a double-separator

structure is caused to have a high temperature, only
the resin particles contained in separator 13B are
melted and the resultant molten resin closes the voids
of sepa;ator 13A to thereby shut off the current (i.e.,

the double-separator structure functions as a fuse).

-Example 7

Using a éample unit cell having a structure as-.
shown in Fig. 7(b), the charge/discharge cycle charac-
teristics of the battery of the present invention were
examined in substantially the same manner as in Exam-
ples 1, 2, 4, 5 and 6.

Shéet electrodes were individually produced as
follows. |
(Positive electrode)

LiMn,0,4 as a cathode active material,'a lamellar
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graphite as a filler and a fluororubber as a binder
(LiMn,0,4/lamellar graphite/fluororubber weight ratio:
100/6/1.96) were mixed in a mixed solvent of ethyl
acetate and ethyl cellosolve (ethyl acetate/ethyl
cellosolve volume ratio: 1/3) to thereby obtain a paste
for coating. The obtained paste was applied to one
surface of aluminum foil 1lla (a current collédtor)

having a thickness of 15 um, followed by drying. The

resultant coated aluminum foil was pressed by means of

a calender'roll, to thereby obtain positive electrode
11 having a 112 um-thick cathode active material layer
11b.

(NeQative electrode)

A mesophase pitch carbon fiﬁer graphite and a
lamellar graphite, each as an anode active material,
carboxymethyl cellulose as a dispersing agent, a latex
as a binder (mesophase pitch carbon fiber graphite/ -
lamellar graphite/carb0xymefhyl cellulose/latex weight
ratio: 90/10/1.4/1.8) were mixed in purified water to
thereby obtain a paste for coating. The obtained paste
was appliéd to one surface of copper foil 12a (a cur-
rent collector) having a thickness of 12 um, followed
by drying. The resu;tant coated copper foil was
pressed by means of a calender roll, to thereby obtain

negative electrode 12 having 81 pm-thick anode active
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material layer 12b.
(Aggregate form of particles of an insulating sub-
stance)

An aggregate form of particles of an insulating
éubstance was prepared by the method described below |
using the materials described below.

(Materials used)

Particles of an insulating substance: Particles

of a-Al,05 having an average particle diameter of 1.0

pm.

Binder: Polyvinylidene fludride (PVDF) (KF#1100,
manufactured and sold by Kureha Chemical Industry Co.,
Ltd., Japén).

Solvent: 1—methy1-2-pyrroiidone (NMP).
(Preparation method)

Particles of a-Al,03 and particles of PVDF (a-
Al,03/PVD weight ratio: 100/5) weie mixed with each-
other to obtain a powder mixture. Then, to the ob-
tained powder mixture was added NMP to obtain a slufry
having a solids content of 56.8 % by weight.

Using a doctor blade, the obtained slurry was
applied, in a predetermined uniform thickness, to each
of the surfaée of cathode active material layer 1l1lb of
positive electrode 11 and the surface of anode active

material layer 12b of negative electrode 12, followed
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by drying in an oven at 120 °C for 15 minutes, to
thereby obtain separators 13A and 13B, wherein each of
separators 13A and 13B was composed of a layer of an
aggregate form of particles of a-Al,05, and separators
13A and 13B were directly formed, in an immobilized
form, on cathode active material layer 11b and anode
active material layer 12b; respectively. Each of

separators 13A and 13B had a porosity of 52 %. The

porosities of separators 13A and 13B were measured by

means of a mercury porosimeter (manufactured and sold
by Shimadzu Corp., Japan) with respect to sample sepa-
rators prepared in substantially the same manner as in
the preparation of sepafator 13A and the preparation of
separator 13B, respectively, exéépt that each of the
sample separators was formed on a dish made of an
aluminum foil and then, peeled off from the dish. -
Positive electrode 11 having separator 13A (which
was directly formed, in an immobilized form, on the
cathode active material layer 1lb) was fabricated so as
to have a surface area of 1.5 cm x 1.0 cm. Negative
electrode 12 having separator 13B (which was directly
formed, in an immobilized form, on anode active materi-
al layer 12b) was fabricated so as to have a surface
area of 1.55 cm x 1.05-dm. (These surface areas are of

the face—toAface-surface of both electrodes.)
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Then, the obtained positive electrode sheet and
the obtained negative electrode sheet were combined so
that cathode active material layer 11lb and anode active
material layer 12b were arranged in a positional rela—.
tionship opposite to each other through separator 13A
formed on cathode active material iayer 11b and separa-
tor 13B formed on anode active material layer 12b, to

thereby obtain a sample unit cell having a structure as

shown in Fig. 7(b). In the obtained sample unit cell,

the total fhickness of.the separators respectively
formed on cathode active material layer 1llb and anode
active material layer 12b was 25 um. The obtained
sample gnit'cell was immersed in an electrolytic liquid
which had been prepared by disséiving LiPFg in a mixed
solvent of ethylene carbonate (EC) and diethyl car-
bonate (DEC) (EC/DEC volume ratio: 1/1, and LiPFg
concentration: 1.0 mol/liter), and the charge/discharge
cycle test was conducted under the same conditions as
in Examples 2, 4, 5 and 6. (Example 7)

In Comparative Example 7, a sample unit cell was
prepared as follows. Positive electrode 11 and nega-
tive electrode 12 were individually obtained in sub-~
stantially the same manner as in Example 7. The ob-
tained positive electrode 11 and negative electrode 12

were fabricated so as to have a surface area of 1.5 cm
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x 1.0 cm and a surface area of 1.55 cm x 1.05 cm,
respectively. (These surface areas are of the face-to-
face surface of both electrodes.) Then,'the obtained
positive electrode sheet, the obtaihed negativé elec~-
trode sheet and separator 13 {a microporous polyethy-
lene (PE) film having a thickness of 25 pm and a poros-
ity of 36 %} were combined so that cathode active

material layer 1llb and anode active material layer 12b

were arranged in a positional relationship opposite to

each other through separator 13 to thereby obtain a
sample unit cell having the structure as shown in Fig.
1(B). The obtained sample uhit cell was immersed in
the same electrolytic liquid as in Example 2, and the
charge/discharge cycle tesf Was.éohducted under the
same conditions as in Example 2.

With respect to each of the sample unit cell
obtained in Example 7 and the sample unit cell obtained

in Comparative Example 7, the discharge capacity lower-

‘ing ratio (%) between the 10th cycle and the 11th cycle

and the discharge capacity lowering ratio (%) between
the 12th cycle and the 13th cycle were calculated.

Results are shown in Table 6.



Table 6

Discharge Discharge Discharge Discharge Discharge Discharge
capacity ElO capacity E11 capacity capacity E12 capacity E13 capacity
at the at the lowering ratio |at the at the lowering ratio
10th cycle 11th cycle between the 10th|12th cycle 1st cycle between the 12th
(current den- |{current den- |cycle and the |(current den- |(current den- [cycle and the
gity: 1/3C) sity: 1.0C) [11th cycle sity: 1/3C) sity: 2.0C) |13th cycle
(mAh) (mAh) (%) (mAh) (mAh) (%)
Example 7 4.957 L. 755 o -b.a 4,925 4. 451 -9.6
Comparative 4 .949 4,639 -6.3 4,910 4,009 -18.4
Example 7 | :

I!LI U3¢ S 1ea4S sIyy,

padse

4
VH 133HS si;

(J30v1d3

N33g s

86




10

15

20

25

99

As can be seen from Table 6, the sample unit cell
obtained in Example 7 had a markedly small discharge
capacity loweriﬁg ratio (%) between the 12th cycle (in
which the discharge current density was 1/3C) and the
13th cycle (in which the discharge current denéiff was
2.0C), as compared to the sample unit cell obtained in
Comparative Example 7 in which fhe separator used had

the same thickness as that of the separator used in

Example 7. That is, the battery of the present inven-

tion has improved discharge characteristics at a high
current density, which are superior to those of a bat-
tery using a conventional microporous PE film separa-
tor. As already mentioned above, the reason for this
is presumed to reside in that tﬁé separator used in the
present invention has a unique pore structure which is
more effective for achieving a high ion conductive
property than the pore structure of the above-mentioned
conventional separator,.so'that, due to such an im-
proved ion conductivity of the separator, the sample
unit cell using the separator used in the present
invention.exhibits improved discharge characteristics

at a high discharge current density.

INDUSTRIAL APPLICABILITY

The battery of the present invention is advanta-
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geous not only in that the battery exhibits excellent
discharge.characteristics even at a high discharge
current density without sacrificing safety, but also in
that é large amount of active materials can be accommo-
dated in the battery per unit volume thereof, as com-
pared to the amounts in the case of conventional bat-
teries, so that the battery of the present invention

can exhibit an extremely high performance, as compared

~to conventional batteries. Further, the battery of the

present invention can exhibit such a high performance

even in a compact and light weight form.
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Claims
1. A battery comprising:
a casing,
an electrolyte contained in said casing,
5 a positive electrode comprising a cathode active
material layer,
a negative electrode comprising an anode active
material.layer, and
a porous separator disposed between said positive
10 ‘electrode and said negative electrode, wherein two
opposite surfaces of said porous separator face said
cathode active material 1éyer and said anode active
material layer, respectively,
said positive electrode, séid negative electrode
15 and said separator being disposed in said casing,
.operatively with said electrolyte,
said porous separatpr comprising at least one
layer of an aggregate form of particles of at least one
insulating substance, wherein said at least one layer
20 of. the aggregate fbrm of particles has a three-dimen-
sional network of_voids which function as pores in said
porous separator and which are capable of passing ions

therethough.'

25 2. The battery according to claim 1, wherein said
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porous separator further comprises a binder which is

102

mixed with said particles to thereby bind said parti-

cles together.

3. The battery according to claim 1 or 2, wherein
said porous separator is directly formed; in an immo-
bilized form, on at least one active material layer

selected from the group consisting of said cathode

_active material layer and said anode active material

layer.

4. The battery according to any one of claims 1 to 3,
wherein said porous separator has a porosity of 10 & or

more as measured in the dry state of said porous sepa-

rator.

5. The battery according to any one of claims 1 to 4,
wherein said porous separafor has an ion conductive
property ascribed to a factor other than said voids of

said aggregate form of particles.

6. The battery according to any one of claims 1 to 5,
wherein said insulating substance is an inorganic sub-

stance.
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7. The battery according to any one of claims 1 to 5,
wherein said insulating substance is an organic sub-

stance.

8. The battery according to any one of claims 1 to 7,
wherein said aggregate form of particles comprises
particles of at least two different insulating sub-

stances.

9. The battery according to any one of claims 1 to 8,
wherein said porous separator comprises at least two
layers respectively comprised of different aggregate

forms of particles.

10. The battery according to any one oflclaims 1 to 9,
wherein said separator comprises a first separator
layer comprising at least one layer of an aggregate -
form of particles of at least one inorganic insulating
substance and a second separator layer comprising at
least one layer of an aggregate form of particles of at
least one organic insulating substance, said first
separator layer being directly formed, in an immo-
bilized form; on one active material layer selected
from said cathode active material layer and said anode

active material layer, said second separator layer
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being directly formed, in an immobilized form, on the
other active material layer remaining between said
cathode active material layer and said anode active

material layer.

11. The battery according to any one of claims 1 to
10, wherein said electrolyte is a non-aqueous electro-

lyte.

10 12. The battery according to claim 11, wherein said

non-aqueous electrolyte contains lithium ions.

13. The batfery according to claim 11 or 12, wherein
said cathode active material layer comprises lithium

15 manganate.

14. A method for producing a battery, comprising:

(1) individually providing a positive electrqde
comprising a cathode active material layer and a nega-

20 tive electrode comprising an anode active material

layer;

(2) coating a dispersion of a mixture of parti-
cles of at léast one insulating substance and a binder
for said particles in a dispersion medium on at least

25 one active material layer selected from the group
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consisting of said cathode active material layer and

said anode active material layer;

(3) removing, by evaporation, the dispersion
medium of said dispersion coated on said at least one
active material layer to form a layer of an aggregate
form of said particles, wherein said particles are
bound together by means of said binder, thereﬁy provid-~

ing a porous separator formed directly, in an immo-

bilized form, on said at least one active material

layer, wherein said layer of an aggregate form of
particles has a three dimensional network of voidé; and
(4) disposing said positive electrode and said
negativg electrode, at least one of which has the
porous separator formed on the éﬁtive material layer
thereof, in a casing so that said cathode active mate-
rial layer and said anode active material layer are
arranged, operatively with an electrolyte contained-in
said casing, in é positionéllrelationship opposite to
each other through the porous separator formed on said

at- least one active material layer.
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