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VINYLIDENE FLUORIDE POLYMER-BASED BINDER SOLUTION
AND ELECTRODE~FORMING COMPOSITION

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a binder
solution and an electrode-forming cdmposition for
forming an electrode suitable for use in a non-aqueous
electrolytic solution within a non-aqueous-type
electrochemical device, such as a non-aqueous-type
(secondary) battery, particularly a lithium ion
battery, or an electric double layer capacitor; and an
electrode structure or an electrodé'sheet, and further
a non-aqueous-type battery, respectively obtainedla
therefrom.

Accompanying.the reduction in size and ﬁ:iéht
of electronic apparatus and devices in recent years, |
there has been a remarkably increasing demand for
reduction in size and weight of a battery as a power
supply for such electronic apparatus and devices. 1In
order to generate a iarger energy from a battery of°
small volume and weight, it is desirable to generafe a
higher voltage from one battery. From.fhis viewpoint,
much attention has been called toiaibattery using a
non-aqueous électrolytic solution-{ﬁ;zombination with

a negative electrode substance comprising, e.g.,

- lithium or a carbonaceous material capable of being

doped with lithium ions, and a positive electrode
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active substance comprising, e.g., a lithium-cobalt
oxide.

However, in such a non-aqueous-type béttery,
the nén—agueous electrolytic solution shows only a low
ionic conductivity on the order of 10"2 - 30™4 S/cm
compared with én ordinary level ionic conductivity of
ca. 10°1 S/cm iﬁ an aqueous electrolytic solution, so
that it becoﬁes essential to use an electrode (layer)
in a small thickness of several pm to several hundred
pm and in a lérge area. As a method of economically
obtaining such a thin and large-area electrode, it has
been known to disperse a powdery elect;ode material
compiising an electroqe active.substénce in a.binder
solution obtained by dissolving an organic polymer
functioning as a binder for the powdery electfode
material to form an electrode-forming composition and
applying the composition onto an electroconductive
substrate, such as a metal foil or a metal net,
followed by drying to form a composite electrode
layer. ' t

Further, such a structure comprising a thin
electrode layer of a powdery electrode material'and a
resinous binder on an electroconductivg substrate is
similarly used as an electrode strubtﬁfe for an
electric double layer capacitor (e.g., as disclosed in
Japanese Laid-Open Patent Application (JP-A) 7-82450).

As such a binder solution for forming
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electrodes used in non-aqueous-type electro-chemical
devices, such as a hon—aqueous—type-battery and an
electric double layer capacitor, those obtained by
dissolﬁing various grades of vinylidene fluoride
polymers in polar solvents, such as N-methyl-2-
pyrrolidone, dimethylformamide, N,N-dimethylacetamide
have been known as disclosed in Japanese Laid-Open
Patent Application (JP-3) 6-93025 and U.S. Patent No.
5,415,958. This is because a vinylidene fluoride
polymer is excellent in chemical resistance,

weatherability, anti-staining property, etc., is

' soluble in a polar solvent as described above but is

stable against a non-aqueous electrol}tic solution
while it is swollen to some extent within such a non-
aqueous electrolytic solution. Further, a vinylidene
fluoride polymer can retain a good adhesioﬁ onto a
substrate of metal, etc., by copolymerization or
modification.

However, in the resultant composite electrode
layer, the binder does not substantially contribute to
electro-chemical performances of the electrode, so |
that the amount of use thereof should bé'minimized to
the utmost,'and.accordingly the binder is required to
well hold the powdery electrode matérial and exhibit a
good adhesion onto the electroconductive éubstrate
even in a small amount. The binder is'generally

electrically insulating so that the'use thereof in an

<
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increased amount results in a larger internal
resistance of the electrode. Also from this
viewpoint, the binder is required to exhibit its
performances in as small an amount as possible.
However, as is understood from the above
description, the performances of a vinylidene fluoride
polymer as an electrode-forming binder in a non-
aqueoﬁs—type electrochemical device can be attained
based on a delicate balance between the solubility
thereof in a polar solvent and the dufability thereof
in a non-aqueous electrolytic solution, so that the
reduction in amount of use thereof as the binder has
been considered to have a certain limit of itself.
For example, if the molecular weight of a vinylidene
fluoride polymer .is lowéred, the solubility thereof in
a polar solvent is of course increased but the
durability thereof in a non-aqueous electrolytic
solution is remarkably impaired thereby. On the other
hand, an increase in molecular weight of a vinylidene
fluoride polymer remarkably lowers the solubility of °

the vinylidene fluoride polymer in a polar solvent and

%

-provides_a binder solution causing gelation to result

in an inferior applicability of an,e;ectrode—forming
composition after mixing with a powdéry electrode
material, thus making it impossible to form a
composite electrode layer according to an ordinary

process including application and drying of such an
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electrode-forming composition. Further, it has been
known that an increase in molecular weight
(polymerization degree) provides é shaped product with

a lowering in crystallinity (as a measure of solvent:

'resistance), and a further increase over a certain

level in molecular weight is expected to result in an
increase in swellability and not to provide a further
improvement in durability within a non-aqueous

electrolytic solution. For these reasons, the upper

'1imit-of molecular weight of a vinylidenhe fluoride

polymer has been believed to be 2.0 dl/g in terms of
an inherent viscosity (as measured at a concentration
of 4 g;resin in 1 liter of N,N-dimethylformamide,
common throughout this specification) and vinylidene
fluoride polymers having an inherent viscosity in the
range of 0.8 - 1.5 dl/g have been generally used {(JP-A
6-93025, U.S. Patent No. 5,415,958, EP-A 0751157,
etc.)  In fact, even if a vinylidene fluoride polymer
having an inherent viscosity in excess of 1.5 dl/g is
once dissolved in a heated polaf solvent, the :
resultant solution quickly causes gelation when cooied
to room temperature in many cases. - Fp{#her, even if
an electrode-forming.compositioh is'fof%bd by adding a
powdery electrode material in a heated binder
solution, the resultant composition instantaneously
gels when it is applied to an electroconductive

substrate, thus failing to provide an appropriate .
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composite electrode layer. Thﬁs,-it has been believed
essentially difficult to obtain an electrode-forming
composition having an appropriate applicability by
using a vinylidene fluoride polymer having an inherent
viscosity in excess of 1.5 d4l1/g, particularly in
excess of 2.0 dl1/g. For the above reasons, thouéh
there has been a'StronQ desire to use a reduced amount
of binder, it has been generally believed necessary to
use a binder in.an amount of about 10 wt. % in a
composite electrode layer (solid) (as disclosed in the -

above-mentioned patent publications).

SUMMARY OF THE INVENTION

In contrast to tﬁe above, a principal object
of the present invention is to provide an electrode-
forming binder solution capable of providing a
composite electrode layer which can well retain or
hold a powdery electrode material even at a smaller
amount of vinylidene fluoride polymer than before end
exhibit a good durability against a non-aqueous ¢
electrolytic solution. |

Another object of the present iﬁvention is to
provide an electrode-forming composition, an electrode
structure or electrode sheet and further a non-
aqueous-type battery, as a representative non-aqueous-
type electro-chemical device, respectively exhibiting

excellent performances, based on the_binder solution.
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According to our study, it has been
discovered that a vinylidene fluoride éolymer having
an inherent viscosity exceeding 2.0 dl/g, which has
been believed to be essentially difficult to use in
view of inferior applicability of the resultant
electrode-forning composition, can retain aﬂ
appropriate dégree of applicability when used under
appropriate conditions. Particularly, it.has been
found possible to form a smooth composite electrode
layer on an electroconductive substrate while
prevénting the gelation of such a high-molecular
weight vinylidené fluoride polymer by retaining an
elevéted temperature of 30 - 200 ©c, preferably 40 -
130 ©c, further preferably 50 - 120 ©C, until the
formation of an electrode-forming composition and
applying the electrode-forming composition at an
elevated temperature onto an electroconductive
substrate which is also retained at.an elevated
temperature of 30 - 170 ©C, particularly 40 - 170 °cC;
and it has been also discovered that such a high- :
molecular weight vinylidene fluoride polymer in the
resultant compos1te electrode layer exh1b1t binder
performances, represented by a powdery electrode
material-retaining performance, which are remarkably
improved compared with those of a conventional
vinylidene fluoride polymer binder and can exhibit

appropriate binder performances at a smaller amount
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(e.g., ca. 4 wt. % as shown in'Examples appearing -
hereinafter). Further, it has been also recognized
that the vinylidene fluoride polymer in the resultant
composite electrode layer, regardless of a lowering in

crystallinity, can exhibit not only an improved

-swelling resistance against a non-aqueous electroiytic

solution, but also an improved ability of retalnlng a
powdery electrode material such as an active substance
and a remarkably improved charge-discharge cycle
characterlstlc of the resultant battery (as descr1bed
in Examples appearing heréeinafter). These
improvements may be attributable to a.reduction in.
crystallite size of the vinylidene fluoride polymer
and an increased entanglement.befween individual
polymer molecules and between powdery electrode
matefial and polfmer molecules.

The present invention is based on the above
discoveries and, according to a first aspect thereof,
there is provided a binder solution for forming an
electrode suitable for use in a'non-aqueous £
elestrolytic solution, comprising a solution of a
vinylidene fluoride polymer having an iAherent
viscosity of above 2.0 dl/g and at most 20 dl/g in an
organic solvent.

According to anofher aspect of the present
invention, there is also provided an electrode-formipg

composition comprising a mixture of a powdery
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eleétrode material with the above-mentioned binder.
solution.

The present invention further provides an.
electrode structure suitable for use in a non-aqueous
electrolytic solution, comprising: an |
electroconductive substrate, and a composite electrode
layer formed on at least one surface of the
electroconductive substrate; said composite electrode
layer comprising a powdery electrode material and a
binder comprising a vinylidene fluoride polymer havihg
an inherent viscosity of above 2.0 dl/g and at most 20
a1/g. |

The present invention further provides a
process for producing an electrode structure,
comprising:

forming an electrode-forming composition
comprising a mixture of a powdery electrode material

with a binder solution formed by dissoiving a

-vinylidene fluoride polymer having an inherent

viscosity of above 2.0 d1/g and at most 20 dl/g in an
organic solvent, -

applying the electrode—formingEéomposition at
an elevated temperature onto at leasf one surface of
an electroconductive substrate at an elevated
temperature, and

evaporating the'organic solvent to form a

composite electrode layer comprising the powdery
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electrode material and the vinylidene flﬁoride polymer
on the electroconductive substrate.

The present invention further provides an
electrode sheet suitable for use in a non-aqueous
electrolytic solution, comprising: a powdery electrode
material and a binder-comprising a vinylidene fluoride
polymer having an inherent viscosity of above 2.0 dl/g
and at most 20 4l1/g. |

The présent invention further provides a non-
aqﬁeous—type battery, comprising: a positive
eleétrode; a nefgative electrode, and a non-équebus
electrolytic solution disposed between the positive
and negative electrodes; wherein at leést.one of the
positive and negative electrodes comprises an
elecffode structure as described above.

These and other objects, features and
advantages of the present invention will become more
apparent upon a consideration of the following
description of the preferred embodiments of the
present invention taken in conjunction with the *

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 are each a partial sectional
view of an embodiment of the electrode structure
according to the invention.

Figure 3 is a partial sectional view
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schematically showing a laminate structure of an
electric doﬁble layer capacitor which can be
constituted according to the invention.

Figure 4 is a partially exploded perspective
view of a non-aqueous—-type secondary battery which can
be constituted according to the invention. |

Figure 5 is a graph showing cycle
characteristics of coin-shaped lithium batteries

including negative electrodes formed by using

_electrbde-forming compositions according to Examples 8

and 10 and Comparative Example 4.

DETAILED DESCRIPTIONZOF THE INVENTION

' ~The vinylidene fluoride polymer used in the
present .invention may include vinylidene fluoride
homopolymer, vinylidene fluoride copolymer and
modified products of these. Vinylidene fluoride
homopolymer is preferred in view of resistance to a
non-aqueous electrolytic solution, particﬁlarly anti-
swelling property. ﬁéwever, the homopolymer is liable
to exhibit a somewhat low adhesion onto an
electroconductive substrate, e.g., metal, so that it
is preferred to use a copolymer of vinflidene fluoride
with another monomer, particularly an unsaturated
dibasic acid monoester, a vinylene carbonate, an
epoxy group—ébntaining vinyl monomer, etc., to obtain

a copolymer having a polar group, such as a carboxyl
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group, a carbonate group or an epoxy group (similar to
those disclosed in U.S. Patent No. 5,415,958.except
for the inherent viScosity).' It is also preférred to
use a modified vinylidene fluoride polymer obtained by
treating such a vinylidehe fluoride homoﬁolymer or
cbpolymer in a solvent capable of dissqlving or
swelling such a vinylidene fluoride polfmer_with a
silane coupling adent or titanate coupling agent
having a group reactive with the vinylidene fluoride

polymer, such as an amino group or a mercapto group,

-and a hydrolyzable group in coﬁbinatioh (similar to

those disclosed in JP-A 6-93025 except for the

inherent viscosity). In order to retain a good anti-
swelling resistance against-a hon-aqueous-electrolytic
solution as a whole, hoﬁever, the vinylidene fluoride
polymer may preferably retain at least 90 mol. %,
particularly at least 95 mol. %, of untreated
vinylidene fluoride units.

To the above-mentioned vinylidene fluoride
polymer, it is possible to admix an organic acid, such
as acrylic acid, maleic acid or fumaric acid, or a
low—molegular weight compound or polymefhhaving a good
miscibility with the vinylidene flto:ide polymer, such
as an acrylic polymer.

The vinylidene fluoride polymer used in the
present invention has an inherent viscosity of above

2.0 dl/g and at most 20 dl/g, preferably in the range
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of 2.5 - 15 41/g, more preferablf in the range of 3.0
- 10.0 d41/g.

With a vinylidene fluoride polymer having an
inherent viscosity up to'Z.O dl/g, it is difficult to
obtain the effect of the present invention. On the
other hand, a vinylidene fluoride polymer having an
inherent viscosity in excess of 20 dl/g, causes not
only a difficulty in dissolution thereof in a solvent
but also a difficulty in suppressing the gelation of a
resultant binder solution, thus being liable to fail
in application of an'electrode-forming-composition
obtained therefrom.

The vinylidene fluoride polymer used in the
present invention may be prepared by polymerization of
vinylidene fluoride br.copolymerization of vinylidene
fluoride with a comonomer copolymerizable therewith.
The polymerization or copolymerization may be
performed by suébension polymerization, emulsion
polymerization, solution polymerization, etc.

In order to allow easf post treatment,
however, it is preferred to perform sugpension
polymérization or emulsion polymerization in an
aqueous medium, particularly aqueous sﬁspension
polymerization.

In such suspension polymerization using water
as a dispersion medium, it is possible to use a

suspension aid, such as methyl cellulose,
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methoxylated methyl cellulose, propoxidized methylfl
cellulose, hydroxyethyl cellulose, hydroxypropyl |
cellulose, polyvinfl alcohol, polyethylene oxide or
gelatin in a proportion of 0.005 - 1.0 wt. %,
preferably 0.01 - 0.4 wt. %, based on the water.

It is possible to use a po}ymerization

initiator, such as diisopropyl peroxydicarbonate,

_dinormalpropyl peroxydicarbonate, dinormalheptaflubro—

propyl peroxydicarbonate, isobutyryl peroxide,

di(chlorofluoroacyl) peroxide, or di(perfluoroacyl)

'peroxide. Such a polymerization initiator may be used

in a proportion of 0.1 - 5 wt. %, preferably 0.5 - 2
wt. %, of the total monomer amount.

It is also possible to add a chain transfer
agent, such as ethyl acetate, methyl acetate, acetone,
ethanol, n-propanol, acetaldehyde, propylaldehyde,
ethyl propionate, or carbon tetrachloride, so as to
control the pélymerization degree of the resultant
copolymer. Such a chain transfer agent may be used in
an amount of 0.1 - 5 wt. % of the total monomer amournt
in a conventional vinylidene fluoride polymerizatioh
system but, in order to provide a vinylfdene fluoride
polymer having a much higher polymerization degree
than a -conventional one, it is preferred to suppress
the amount of a chain transfer agent to at most 0.5
wt. %.

As described above, the vinylidene fluoride
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polymer having an increased inherent viscosity (and
accordingly an increased polymerization degree) may be
produced principally by suppressing the amount of a
chain transfer agent and by superpreésing the amount
of a polymerization initiator which per se may be
within known technigques for production of vinylidene
fluoride bolyme:s.

The organic solvent used for diséolving the
vinylidene fluoride polymer to provide the binder
solution accofding to the present invention may
preferably be a polar one, examples of which may
include: N—methyl-z—pyrrdlidone, dimethylformamide,
N,N-dimethylacetamide, N,N-dimethylsulfoxide,
hexamethylphosphamide, dioxane, tetrahydrofuran,
tetramethylﬁrea, triethyl phosphate, and trimethyl-
phosphate. As the vinylidene fluoride polymer used in
the present invention has a much larger polymerization
degree than a conventional one, it is further
preferred to use a nitrégen-contéining organic solvent
having a larger dissolving power, such as N-methyl-2-
pyrrolidone, dimethylformamide or N,N-
dimethylacetamide among the above-mentiéned organic
solvents. These organic solvents may be used singly
or in mixture of two or more species.

For obtaining the binder solution according
to the present invehtion, it is preferred to dissolve

0.1 - 10 wt. parts, particularly 1 - 5 wt. parts, of
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the above-mentioned vinylidene fluoride polymer in- 100
wt. parts of such an organic solvent. Below 0.1 wt.
part, the polymer occupies too small a proportion in
the solution, thus.being liable to fail in exhibiting
its performance of binding the powdery electrode
materiél. Above 10 wt. parts, becéuse of a high
polymerization degree of the vinylidehe fluoride
polymer, the solution is liable to have an aﬁnormally
high viscosity, so that not only the preparation of
the electrode—forming composition becomes difficult
but also the suppression of gelation of the electrode-
forming comﬁqsition'becomés difficult, thus being
liable to fail in uniform application thereof onto an
electroconductive substrate, in extreme cases.

In order to prepare the vinylidene fluoride
polymer binder solution according to the present
invention, it is preferréd to dissolve the vinylidene
fluoride polymer in an organic solvent at an elevated
temperature of 30 - 200 ©C, more preferably 40 - 130
Oc, further preferably 50 - 120 °C. Below 30 °C, the
dissolution requires a long time and a uniform
dissolution.becomes difficult. .

An'electrode-forming composition may be
obtained by adding and dispersing a powdery electfode
material (an active substance for a battery or an
electric double layer capacitor, and optional

additives, such as an electroconductivity—imparting
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additive) into the thus-obtained vinylidene fluoride
polymer binder solution according to the present
invention.

In the case of forming a positive electrode
for a lithium ion battery, the active substance may
comprise a composite metal chalcogehide represented by
a general formula of LiMY,, wherein M denotes at least
one species of transition metals such as Co, Ni, Fe,
Mn, Cr and V; and Y denotes a chalcogen, such as 0.or
S. Among these, it is preferred to use a lithium-
based composife metal oxide represented by a éeneral
formula of LiMOz, wherein M is the same as above.
Preferred examples thereof may include: LiCoOy,
LiNiOy, LiNigCoj_yO5 (0 < x < 1), and spinel-
structured LiMn;O4.

In the case of ferming a negative electrode
for a lithium battery., the active_substance may
preferably comprise a carbonaceous material, such as
graphite, aetivated carbon or a carbonaceous material
obtained by carbonization of phenolic resiﬁ, pitch, *
etc. The carbonaceous material may preferably be ueed
in the form of particles having an avereée diameter of
ca. 0.5 - 100 um. |

An electroconductivity-imparting additive may
be added in order to improve the conductivity of a
resultant composite electrode layer formed by applyipg

and drying of the electrode-forming composition of the



10

15

20

25

-18-

present invention, particularly in case of using an
active substance; such as LiCoO,, showing a small
electron-conductivity. Examples thereof may include:
carbonaceous materials, such as carbon black, graphite
fine powder and fiber, and fine powder and fiber of
métals, such as nickel and aluminum. In the case of
using a carbonaceous material having a large
electroconductivity as an electrode ﬁaterial, it is
unnecessary to add such an electroconductivity-
imparting additive.

The active substance for an electric double
layer capacitor may preferably comprise fine particles
or fiber, such as activated carbon, activated carbon
fiber, silica or alumina particles, having an average
particle (or fiber) diameter of 0.5 - 100 pm and a
specific surface area of 100 - 3000 mz/g, i.e., having
a relatively small particle (or fiber) diameter and a
relatively large specific surface area compared with
those of active substances for batteries.

The electrode-forming composition according :

to the present invention may preferably be formed b§

mixing 100 wt. parts of the powdery elecfrode material

with the binder solution containing 0.1 - 50 wt. .
parts, particularly 1 - 20 wt. parts of the vinylidene
fluoride polymer. The mixing may preferably be
performed also at an elevated temperature similarly as

that for the above-mentioned binder solution
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formation, i.e., 30 - 200 Oc, more preferably 50 - 120
Oc, so as to prevent the gelation of the vinylidené
fluoride polymer. |
The thus-prepared electrode-forming
composition may be used for forming electrode
structures havihg partial secfional structures as
shown in Figure 1 and Figure 2. More specifically,
the electrode-forming composition may be applied onto
both surfaces (Figure 1) or one surface (Figure 2) of
an electroconductive substrate 11 comprising a foil or
wire net of a metal, such as iron, stainless steel,
steel, copper, alumiﬁum,_nickel_or titanium and having
a thickngss of, e.g., 5 - 100 pm, or 5 - 20 um for a
small-sized device, and dried at, e.g., 50 - 170 °C to
form a composite electrode layer (12a, 12b or 12) of,
e.g., 10'— 1000 pm in thickness for a small-sized
device, thereby providing an electrode structure (10
or 20). In this instance, the electrode-forming
composition may preferably be continually held at the
above-mentioned elevated temperature and applied ontoc
the electroconductive substrate also held at an |
elevated temperature of 30 - 200 °c, pa£ficu1arly 40 -
170 ©c, followed by the drying, to form a uniform
composite electrode layer while effectively preventing
the gelation of the vinylidene fluoride polymer.
Alternatively, it is also possible to form an

electrode structure similar to the one shown in Figure
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1l or Figure 2 by once forming a composite electrode
layer 12 as shown in Figure 2 on an electrocdnductive
substrate 11 or an arbitrary substrate having a better
releasability by application and drying, then peeling
only the composife electrode layer 12 apart from the
substrate to obtain an electrode sheet, and then '
applying the electrode shéet onto an electroconductive
substrate 11 with an elecﬁroconductive adhesive by a
manufacturer of an electrochemical device, such as a
battery.

The thus-formed electrode structure 10 or 20
may preferably be used as an electrode for a battery
or an électric double layer capacitor wherein it is
used in the state of being dipped in a non-aqueous
electrolytic solution. 'For example, a laminate
structure as shown in Figure 3 may be formed by
disposing a pair of electrode structures 20 shown in
Figure 2 so that their composite electrode layers 12
are disposed on inner sides énd opposite to each
other, disposing a liquid permeable separator 13 so as
to be sandwiched between the composite electr&de
layers 12, and impregnating the composif; electrode
layers 12 and the separator 13 with a non-aqueous
electrolytic solution. Such a laminate structure as
shown in Figure 3 may constitute a battery or an
electric double layer capacitor.

Further, the electrode structure according to
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the present invention, preferably in the form of an
electrodes structure 10 (Figure 1) having composite
electrode layefs 12a and 12b on both sides, may be
used as a positive-electrode or a negative electrode
of a ndn—aqueous—type battery, particularly a lithium
ion batterf.

Figure 4 is a partially exploded perspective
view of a lithium secondary battery as an embodiment
of a non-aqueous-type batterf according to the present
invention, including an electrode structure prepared
in the above-described manner.

More specifically, the secondary battery
basically includes a laminafe structuré.including a
positive electrode 1, a gegative electrode 2 and a

separator 3 disposed between the positive and negative

. electrodes 1l and 2 and comprising a fine porous film

of a polymeric material, such as polyethylene or
polypropylgne, ihpregnated with an electrolytic
solution; The laminate structure is wound in a vortex
shape to form an electricity-genérating element which
is housed within a metal casing 5 having a bottom
constituting a negative electrode termin%l 5a. In the
secondary battery, the negative electfode 2 is
electrically connected to the negative electrode
terminal 5a, and the uppermost portibn of the battery is
constituted by disposing a gasket 6 and a safety valve

7 covered with a top plate 8 having a projection
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constituting a positive electrode terminal 8a
electrically connected to the positive electrode.
Further, the uppermost rim 5b of the casing 5 is
crimped toward the inner side to form an entirely
sealed cell structure enclosing the electricityj
generatigg element. The positive electrode 1_ahd the
negative electrode 2 may have a structure of the
electrode structure 10 or 20 shown in Figure 1 or 2.
The composite electrode layer (12a, 12b or
12) may be formed in the above-described manner, i. e.,
by forming a layer of a compos;te electrode mater1a1

comprising a powdery electrode material (a fine

_powdery or fibrous active substance, and optionally

added electroconductivity-imparting additive, such as
carbon) and a vinylidene fluoride.polymer binder,
applied onto an electroconductive substrate (11) as
described above. |

The non~aqueous electrolyte solution
impregnating the separator 3 may comprise a solution
of an electrolyte, such as a lithium salt, in a non- :
agueous solvent (organic solvent).

Examples of the electrolyte'majhinclude:
LiPFg, LiAsFg, LiClO3, LiBF4, CH3SO3Li, CF3SO3Li,
LiN(80,CF3),, LiC(S0,CF3)3, LiCl, and LiBr. Examples
of the organic solvent for such an electrolyte may
include: propylene carbonate, ethylene carbonate, 1,2-

dimethoxyethane, 1,2-diethoxyethane, dimethyl
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carbonate, diethyl carbonate, methyl ethyl carbonate,
¥~butyrolactone, ﬁethyl propionate, ethyl propionate,
and mixtures of these, but they are not exhaustive.

f In the above, a cylindrical battery has beeﬁ
described as an embodiment of the non-aqueous-type
battery according to the present invention. However,
the non-adueous-type battery according to the present
invention can basically haﬁe any other shapes, such as
those of a coin, a rectangular parallelepiped, or a
paper or sheet.l
[Examples]

Hereinbelow, the present invention will be
described more specifically based on Examples and
Comparative Examples.

The inherent viscosity, crystallinity and
swellability of vinylidene fluoride polymers obtained
were measured in the following manners, and these
values referred to herein are all based on values
measured in the following manners.

[Inherent viscosity] ' ¢

80 mg of a powdery sample was dissolved in 20
ml of N,N-dimethylformamide, and the vis;osity of the
resultant poiymer solution was meastired by an
Ubbelohde viscometer in a thermostat vessel at 30 °cC
to calculate an inherent viscosity 7; (dl/g) according

to the following equation&

75 = (1/C)-1n(1/1y),
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wherein "1 denotes a measured viscosity of a polymer

solution; 7,, a viscosity of solvent N,N-

dimethylformamide; and C, a concentration of the
solutiqn (= 0.4 g)dl).
[Crystallinity]'

A sample polymer solution in N-methyl~2-

pyrrolidone (at a concentration .of 2 wt. % for

'Examples and 10 wt. % of Comparative'Examples,'

respectively appearing hereinafter) heated at 50 °C
was cast onto a glass sheet and immediately dried for

3 hours in a thermostat vessel at 130 OC. The cast

- film was peeled apart from the glass sheet and then

furfher dried at 120 °C under a reduced pressure to .
prepare a ca. 100 pm-thick film. The film was
subjected to X-ray diffractometry to measure a
crystallinity.

[Swellability]

A cast film in a size of 17 mm x 35 mm
prepared in the above-described manner for the
crystallinity measurement was dipped for 6 days at 7¢
OC in an electrolytic solution having the following-
composition, and the percentage weight ihcrease of the
dipped film was measured as a swellability.
(Electrolytic solution}

Propylene carbonate 52.7 wt. %
1,2-Dimethoxyethane ' 38.0 wt. %

LiCl04 (electrolyte) 9.3 wt. %
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Example 1

In a 2 liter-autoclave, 1075 g of deionized
water, 0.4 g of methyl cellulose, 420 g 6f vinylidene
fluoride and 2.8 g of diisopropyl peroxydicarbonate
(IPP) were charged and subjected to suspension
polfmerization at 25 °c.

After the polymerization, the polymerizate
slurry was de-watered, washed with water, de-watered
and dried at 80 ©C for 20 hours to obtain a powdery
polymer.

The thuis-obtained vinylidene fluoride polymer
showed an inherent viscosity of 2.5 (dl/g).

Example 2

In a 2 liter-autoclave, 1075 g of deionized
water, 0.4 g of methyl cellulose, 420 g of vinylidene
fluoride and 1.9 g of diisopropyl peroxydicarbonate
(IPP) were charged and_subjected to suspension
polymerization at 25 °C.

After the polymerization, the polymerizate
slurry was de-watered, washed with water, de-watered :
and dried at 80 °C for 20 hours to obtain a powdery.
polymer. )

The thus-obtained vinylidene fluoride polymer
showed an inherent viscosity of 3.1 (dl/g).

Example 3
Suspension polymerization was performed in

the same manner as in Examples 1 and 2 except that the
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charged amount of diisopropyl peroxydicarbonate (IPP)
was reduced to 0.8 g, and the polymerizate was also
post-freated in the same manner to obtain a powdery
polymer.

The vinylidene fluoride polymer showed an
inherent viscosity of 5.1.
Example 4

Suspension polymerization was performed in
the same manner as in Examples 1 and 2 except that the
charged amount of diisopfopyl peroxydicarbonate iIPP)
was reduced to 0.2 g, and the polymerizate was aléo
post-treated in the same manner to obtain a powdery
polymer.

The vinylidene fluoride polymer showed an
inherent viscosity of 8.8.
Comgérative Example 1

In a 2 liter-autoclave, 1040 g of deionized
water, 0.4 g of methyl cellulose, 400 g of vinylidene
fluoride, 2 g of di-n-propyl peroxydicarbonate (NPP)
and 8 g of'ethyl acetate were charged and subjected to
suspension polymerization at 25 Oc. |

After the polymerization, the ﬁblymerizate _
slurry was de-watered, washed with. water, de-watered
and dried at 80 °C for 20 hours to obtain a powdery
polymer.

The fhus—obtained vinylidene fluoride polymer

showed an inherént viscosity of 1.1.
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Comparative Example 2

In a 2 liter-autoclave, 1075 g of deionized
water, 0.4 g of methyl cellulose, 420 g of vinylidene
fluoride and 2.5 g of di-n-propyl peroxydicarbonate
(NPP) were charged and_subjécted to suspension
polymerization at 25 °cC.

After the polymerization, the polymerizate
slﬁ:ry was de-watered, washed.with water, de-watered

and dried at 80 °C for 20 hours to obtain a powdery

.polymer.

' The thus-obtainéd vinylidene fluoride polymer
showed an inherent viscosity of 1.6. |
The values of inherent viscosity, film
crystallinity and film swellability for eaéh of the
vinylidene fiudride polymers prepared in the above
Examples and Comparative Examples measured in the
above-described manner are inclusively shown in the

following Table 1.
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Table 1
Example Inherent Film Film
No. viscosity crystallinity swellability
7; (dl/g) (%) (%)
Ex. 1 2.5 47.0 15.2
2 3.1 43.3 14.3
3 5.1 42.6 13.8
4 8.8 40.8 - 13.0
Comp.
Ex. 1 1.1 51.0 20.6
2 1.6 48.9 18.2
Example 5

0.30 g of the vinylidene fluoride polymer (71
= 2.5) prepared in Example 1 was uniformlf'dissolved
in 14.7 g of the N-methylpyrrolidone (NMP) at 60 °C to
prepare a binder solution, into which 2.7 g of a
powdery carbonaceous material oflpitch origin having-
an average particle size of ca. 20 pym and a specific :
surface area of ca. 3 mz/g was added and uniformly
‘mixed and dispersed by a homogenizer to }orm a pasty
electrode-forming composition.

The electrode-forming composition had a
polymer fraction (herein used to mean a weight
percentage of a polymer with respect tb the total

weight of the polymer and a ﬁowdery electrode material
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(powdery carbonaceous material in this composition})
of 10 wt. %.
The electrode-forming composition was applied

by a doctor blade onto one surface of a 20 pm-thick

" copper foil warmed at ca. 50 Oc and dried under

| heatin§ at 130 °c for 15 min. to form a totally 180

pm-thick electrode structure.
Example 6

0.12 g of the vinylidene fluoride polymer
(Zi = 2.5) prepared in Example 1 was uniformly
dissolved in 5.9 g of NMP at 60 °C to form a binder
solution, into which 2.9 g of the poﬁdery'carbonaceous
material was added and uniformly dispersed at 60 °C by
a homogenizer in the same manner as in Example 5 to
prepare a pasty electrbde-forming compositibn having a
polymer fraction of 4 wt. %.

The electrode-forming composition was applied
by a doctor blade onto one surface of a 20 pm-thick
copper foil warmed at ca. 50 °C and dried under
heating to form a totally 180 ﬁmrthick electrode
structure.

Example 7

0.12 g of the vinylidene fluoride polymer
(Zi = 3.1) prepared in Example 2 was dissolved in
NMP and blended with the powdery carbonaceous material
similafly as in Example 6 to prepare an electrode-

forming composition having a polymer fraction of
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4 wt. %.

The electrodé-forming composition was applied
by a doctor blade onto one surface of a 20 pm~thick
copper foil and dried under heating in the same manner
as in Example 5 to prepare a totally 185 um~-thick
electrode structure.

Example 8 |

0.12 g of the vinylidene fluoride polymer
(li = 5.1) prepared in Example 3 was dissolved in NMP
and blended with the powdery carbonaceous material
similarly as in Example 6 to prepare an,electfode—
forming cqmposition having a polymer fraction of 4 wt.
. :

The electrode-forming composition was applied
by a doctor blade onto one surface of a 20 pm-thick
copper foil and dried under heating in the same manner
as in Example 5 to prepare a totally 170 um-thick
electrode structure.

Example 9

0.12 g of the vinylidene fluoride polymer :
(7; = 8.8) prepared in Example 4 was dissolved in NMP
and blended with the powdery carbonaceodé material
siﬁilarly as in Example 6 to prepare an electrode-

forming composition having a polymer fraction of 4 wt.

%,

The electrode-forming composition was applied

by a doctor blade onto one surface of a 20 pm—thick
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copper foil and dried under heating in the same manner
as in Example 5 to prepare a totally 180 um—thiqk
electrode structure.

Example 10 (Carboxyl group-containing vinylidene
fluoride polymer)

In a 2 liter-autoclave, 1040 g of deionized
water, 0{8 g of methyl cellulose, 2 g of diisopropyl
peroxydicarbonate (IPP), 396 g of vinylidene fluoride
and 4 g of monomethyl maleate (giving a vinYlidene
fluoride/monomethyl maleate (mol ratio) = 100/1.01)

were charged and subjected to.suspension

polymerization at 28 °cC.

After the polymerization, the polymerizate
slurry was de-watered, washed with water, de-watered
and dried at 80 ©C for 20 hours to obtain a powdery
polymer.

The thus-obtained vinylidene fluoride
copolymer showed an inherent viscosity of 2.9.

0.12 g of the copolymer was dissolved in NMP
and blendéd with the powdery carbonaceous material *
similarly as in Example 6 to prepare an electrode- |
forming compoéifion-having'a polymer fr;ction of 4 wt.
%.

The electrode-forming composition was applied
by a doctor blade onto one surface of a 20 pm-thick
copper foil and dried under heating in the same manner

as in Example 5 to prepare a totally 180 pm-thick
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electrode structure.
Comparative Example 3

0.3 g of the vinylidene fluoride polymer (%;
= 1.1) prepared in Comparative Example 1 was dissolved
(at a concentration of 10 wt. %) in NMP and blended
with the powdéry carbonaceous matérial similarly as in
Example 5 to prepare an electrode-forming composition
having a polymer fraction of 10 wt. %.

The electrode~forming composition was appliéd
by a doctor blade onto one surface of a 20 pm-thick

copper foil and dried under heating in the same manner

- as in Example 5 to prepare a totally 180 pm-thick

electrode structure.

‘Comparative Example 4

0.12 g of the vinylidene fluoride polymer'(7i
= 1.1) prepared in Comparative Example 1 was dissolved
(at a concentration of 10 wt. %) in NMP and blended

with the powdery carbonacéous material similarly as in

- Example 6 to prepare an electrode-forming composition

having a polymer fraction of 4 wt. %. :

The electfode-forming cémposition was applied
by a doctor blade onto one surface of a 50 pum-thick
copper foil and dried under heating in the same manner
as in Example 5 to prepare a totally 175 um-thick
electrode structure.

Comparative Example 5
0.3 g of the vinylidene fluoride polymer
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(71 = 1.6) prepared in Comparative Example 2 was
dissolved (at a concentration of 10 wt. %) in NMP and
blended with the powdery carbonaceous material
similarly as in Example 5 to prepare an electrode-
forming composition having a polymer fraction of 10
wt. %.

The electrode-forming composition was applied
by a doctor blade onto one surface of a 20 um-thick

copper foil and dried under heating in the same manner

-as in Example 5 to prepare a totally 185 pm-thick

electrode structure.

Comparative Example 6

0.12 g of the vinylidene fluoride polymer (%
= 1.6) prepared in Comparative Example 2 was dissolved

(at a concentration of 4 wt. %)_in NMP and blended

" with the powdery carbonaceous material similarly as in

Example 6 to prepare an electrode-forming composition
having a polymer fraction of 4 wt. %.

The electrode-forming composition was applied
by a doctor blade onto one surface of a 20 pm-thick :
copper foil and dried under heating in the same manher
as in Example 5 to prepare a totally 186'pm-thick
electrode structure.

Example 11
' 0.15 g of vinylidene fluoride polymer (7; =
5.1) prepared in Example 3 was blended with 2.85 g of

activated carbon powder (average particle size = 5 unm,
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specific surface area = 200 m?/g) and 10.1 g of NMP to
form an electrode-forming composition having a polymer
fraction of 5 wt. %. The comppsitibn was épplied onto
one surface of a 20 pm—fhick copper foil and dried
under heating in the same manner as in Example 5 to
prepare a totally 190 pm-thick electrode structure for
an electric double layer capacitor.’
Comparative Example 7

0.30 g of vinylidehe fluoride polyﬁer (75 =

1.1) prepared in Comparative Example 1 was blended

"with 2.80 g of activated carbon powder (the same as in

Example 11)'an 6.50 g of NMP to form an electrode-
forming compositioﬁ having a polymer fraction of 10
wt. 3. The composition was applied onto one surface
of a 20 pm-thick copper foil and dried under heating
in the same manner as in Example 5 to prepare a
totally 220 um-thick electrode structure for an
electric double layer capacitor.
Comparative Example 8-

0.30 g of vinylidene fluoride polymer (7; =
1.6) prepared in Comparative Exampie 2 was blended
with 2.70 g of activated carbon powder (%he same as in
Exampie 11) and 6.50 g of NMP to form an electrode-
forming composition haQing a polymer fraction of 10
wt. %. The composition was applied onto one surface
of a 20 pm-thick copper foil and dried under heating

in the same manner as in Example 5 to prepare a
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totally 230 pm-thick electrode structure for an
electric double layer capacitor;
[Electrode evaluation test]

The electrode structures suitable for use in
lithium batteries p;epared in Examples 5 -~ 10 and
Comparative Examples 3 - 6 and the electrode
structures for electric double layer capacitors
preparéd in Examples'll - 12 and Comparative Examples
7 - 8, were respectively evaluated with respect the
states of the coating surface of the composite
electrode léyer and a cut edge surface of the
composite electrode layer after cutting in a length of
ca. 10 mm of the electrode structure across its
thickness.

(Active substance retention power)
The surface of a sample composite electrode

layer was rubbed by a finger at a constant pressure of

ca. 40 - 50 g/cmz, and the active substance retention

power was evaluated by the degree of the attachment of
the cohposite electrode materiél onto the finger.. ’
A: No attachment onto the fingerﬁat all.
B:  Slight attachment onto the finger.
C: Remarkable attachment onto the finger.
(Edge surface state after cutting)
A sample electrode structure was cut by a

cutter knife from the composite electrode layer

surface to the opposite side and the state of the cut
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edge surface of the composite electrode layer was
evaluated according_to the folloﬁing standard.
| A: No partial peeling of the composite electrode

layer at all. |

B: -Some partial peeling of the composite
electrode layer was observed. |

C: The cqméosite electroﬁe ia&er was peeled and
could fall off.

The results are inclusively shown in the

following Table 2.
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Table 2
Sample 71 | Polymer Electrode Electrode evaluation
fraction fillers :
(dl/g) (wt.%) Retention Cut edge
: power state
Ex. 5 2.5 10 - PO A A
6 2.5 4 PO A A
7 3.1 4 PO A A
8 5.1 4 PO A A
9 8.8 4 PO A A
10 2.9 4 PO A A
11 5.1 5 AC A A
12 2.9 5 AC  \ A
“Comp. R
Ex. 3 1.1 10 PO A A
4 1.1 4 PO B B
5 1.6 10 PO A A
6 1.6 4 : PO B B
7 1.1 10 AC C o
8 1.6 | i0 AC c c

*Filler of the composite electrode layer
PO: Powdery carbonaceous matefial of pitch
origin.

AC

Activated carbon powder.
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[Battery cycle performance test]

Electrode-forming compositions having the
same compositions as in Example 8, Example 10 and
Comparative Example 4 were respectively used for
preparation of coin-shapéd non-aqueous-type secondary
batteries (Cells 1, 2 and 3, respectively), and their
cycle performances in repetition of charge-discharge
cycle were evaluated in the following manner.

More specifically, each pasty electrode-
forming composition was uniformly applied onto an
aluminum foil and dried. Then, the dried compésite
electréde layer was peeled apart from the aluminum
foil and stamped into a disk of 15 mm in diameter.
Then, the disk;shaped composite electrode was press-
bonded onto a 17 mm-dia. stainless steel mesh disk to
form a negative electrode having a ca. 130 pm-thick
composite electrode layer.

Separately, a positive electrode was prepared
from a pasty composition obtained by mixing 90'wt.
parts of LiCoO,; (active substance), 7 wt. parts of :
carbon black (electroconductivity-imparting additivé),
3 wt. parts of vinylidene fluoride polyﬁér (71 = 1.3

dl/g) and 56 wt. parts of NMP. The composition was

' uniformly applied onto an aluminum foil and dried.

Then, the dried composition layer was peeled apart
from the aluminum foil énd stamped into a 14 mm-dia.

disk. The disk was press-bonded onto a 16 mm-dia.
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‘stainless steel mesh disk to form a positive electrode

having a ca. 100 pm-thick composite electrode layer.
The thus-formed positive electrode was
commonly used for preparation of the respective -
batteries (cells) in combination with the respective
negative electiodes prepared in the above-described
manner. An électrolytic solution was prepared by
adding LiPFg (electrolyte) at a rate of 1 mol/l in a

1:1 (by volume) mixture solvent of ethylene carbonate

- and diethyl carbonate. A 25 pm-thick separator of

porous polypropylene membrane was impregnated with the

electrolytic solution and sandwiched between the

positive electrode and each negative electrode to form

three fypes of non-aqueous-type lithium secondary
batteries (Cells 1 - 3).

Each of the thus-prepared lithium secondary
batteries (Cells 1 - 3) was subjected to repetition of
a charge-discharge cycle at a constant current of 2.5
mA, while measuring the discharge capacity of the
battery at each cycle. The diécharge capacity was.z
expressed as a value (mAh/g) per unit Veight of
negative electrode active substance obtained by
dividing the discharged electricity (mAh) of the
battery by the weight of the powdery carbonaceous
material (negative electrode active substance) in the
negative electrode.

The results of the cycle performance test are
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shown in Figure 5 and the inherent viscosity of
polymer and pblymer fraction in the negativé
electrodes of the respective batteries are summarized

in the following Table 3.

Table 3

Negative electrode

Cell
Polymer Polymer Composition
7; (41/g) fraction (wt.%)
1 5.1 4 Ex. 8
2 2.9 4 Ex. 10
3 1.1 4 Comp.Ex. 4

As is clear from Figure 5, the batteries
(Cells 1 and 2) prepared by using the electrode-

forming compositions (Examples 8 and 10) of the

- present invention containing a high-molecular weight

vinylidene fluoride polymer exhibited a stable
discharge capacity for a large number of charge—
discharge cycles, whereas the battery (éél; 3)
prepared by using the electrode-forming composition
(Comparative Example 4) containing a vinylidene
fluoride polymer of a conventional level of molecular
weight exhibited a remarkabiy lowefing discharge

capacity at an increased number of charge-discharge
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cycles.

As described above, according to the present
invention, there is provided an electrode-forming
vinylidene fluoride éolymer—based binder solution

capable of providing an electrode suitable for use in

a non-aqueous electrolytic solution by dissolving in

an organic solveht a vinflideﬁe fluoride polymer
having a polynerization degree which is much higher
than a conVentiohél level. The electrode can ﬁell
hold a powﬁery electrode mdterial and exhibit a good
durability against a non—aquéous electrolytic solution
at a smaller amount of vinylidene fluoride polymer
than in a conventional level. Accordingly, by‘using

the_binder solution, it is possible to obtain an

-electrode~forming composition, an electrode structure

or electrode and a non-agueocus-type battery as a
representative of a non-aqueous-type electrochemical

device, respectively showing good performances.
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1. A binder solution for forming an electrode
suitable for use in a non—équeous electrolytic
solution, comprising a solution of a‘vinylidene
fluoride polymer having an inherent Qiscosity of above

2.0 d1/g and at most 20 dl/g in an organic solvent.

2. A binder solution according to Claim 1,
wherein said vinylidene fluoride polymer is a

homopolymer of vinylidene fluoride.

3. A binder solution according to Claiﬁ 1,
wherein said vinylidene fluoride polymer is a
copolymer of at least 95 mol. % of vin&lidene fluoride
and another monomer or a modified product of

homopolymer or copolymer of vinylidene fluoride.

4. A binder solution according to Claim 1,
wherein said vinylidene fluoride polymer is a carboxyl

group—containing vinylidene fluoride polymer.

5. A binder solution according to any one of
Claims 1 - 4, held at an elevated temperature for

preventing gelation.

6. An electrode-forming composition, comprising

a mixture of a powdery electrode material with a

DO



[

10

15

20

25

Sheet Has Been Re; laced

T —

binder solution according to any Claims 1 - 4.

THIS SHEET HAS BEEN
REPLACED

R st e s

-

7. An electrode-forming composition according to
Claim 6, held at an elevated temperature for

preventing gelation.

8. An electrode structure suitable for use in a
non-agqueous electrolytic solution, comprising: an
electroconductive substrate, and a composite electrode
layer formed on at least one surface of the
electroconductive substrate; said composite electrode
layef comprising a powdery electrode material and a
binder comprising é vinylidene fluoride polymer having
an inherent viscosity of above 2.0 dl/g and at most 20

dl/g.

9, A process for producing an electrode

structure, comprising:

forming an electrode—forming_composition
comprising a mixture of a powdery electrode material -
with a binder solution formed by dissolving a
vinylidene fluoride polymer having an iﬂherent
viscosity of above 2.0 d1/g and at most 20 d41/g in an
organic solvent,

applying the electrode-forming composition at
an elevated temperature onto at_leasf one surface of

an electroconductive substrate at an elevated

RO RS
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evaporating the organic solvent to form a
composite electrode layer comprising the powdery
electrode material and the vinylidene fluoride polymer

on the electroconductive substrate.

10. An electrode sheet suitable for use in a non-
aqueous electrolytic solution, comprising: a powdery
electrode material and a binder comprising a

vinylidene fluoride polymer having an inherent

_viscosity of above 2.0 dl1/g and at most 20 dl/g.

11. A non-aqueous~type battery, comprising: a
positive_electrode, a negative electrode, and a non-
aqueous electrolytic solution disposed between the
positive and negative electrodes; wherein at least one
éf the positive and negative electrodes comprises an

electrode structure according to Claim 8.

(T



