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ABSTRACT OF THE DISCLOSURE

A vinylidene fluoride polymer binder solution

for forming an electrode for a non-aqueous-type
battery is formed by adding an acid, preferably an
organic acid, as a stabilizer to a solution of a
vinylidene fluoride polymer in an organic solvent.
The acid is preferably added in an amount sufficient
to ensure a pH of at most 9 when measured with respect
to a 10-times dilution of the binder solution with
deionized water. The acid addition is effective for
preventing a problematic viscosity increase in the
binder solution and also gelling of an electrode-
forming composition formed by adding a powdery

electrode material in the binder solution.
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BINDER SOLUTION AND ELECTRODE-FORMING COMPOSITION

FOR NON-AQUEOUS-TYPE BATTERY

FIELD OF THE INVENTION AND RELATED ART

The present invention.relates To a solution
of a binder comprising a vinylidene fluoride polymer
(i.e., a vinylidene fluoride polymer‘binder solution)
for stebly-fixing a powdery'electrode material
(principally comprising an electrode active substance
and an optionally added electroconductivity-imparting
additive) onto an electrode substrate to form an
electrode structure for a non-aqueous battery,
particularly a lithium ion battery. fThe present
invention further relates to an electrode—forming
composition comprising a mixture of such a binder
solution and a powdery electrode material dispersed
therein, an electfode structure obtained therefrom,
and.a non-aqueous-type battery including such an
electrode structure.

In recent vears, remarkable%development'has
been made in electronic_technology, end various
apparatus and devices have been reduced in size and
weight;' Accompanying the reduction in size and weight
of eleCtronic_apparatusand devices,ithere has been a
remarkably increasing demand for reduction in size and
weight'of a battery as a power supplf for such

electronic apparatus and devices. In order to
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generate a larger‘energy from a battery of small
volume and weight, it is desirable to generate a
higher voltage from one battery. From this viewpoint,
much attention has been called to a bettery dsing a
non-aqueous electrolytic solution in COmbihation with
a negative electrode substance comprising, e.g.,
lithium or a carbonaceous material capable of being
doped with lithium ions, and a positive electrode
active substance comprising, e.g., a lithium-cobalt
oxide.

However, in such a non-aqueous-type battery,
the non-aqueous electrolytic solution shows only a low
ionic conductivity on the order of 1042 - 1074 S/cm
compared with an ordinary level ionic conductivity of
ca. lOfl'S/cm in an aqueous electrolytic solution, so
that it becomes essential to use an electrode (layer)
in a small thickness of several um to:several.hundred
pm and 1n a large area. As a method of economically
obtaining such a thin and“large-area eleetrode, it has
been known to disperse a powdery-electrode material
comprising an electrode active substance in a binder
solution obtained by dissolving an organic polyﬁer
functioning as a binder for the powdef& electrode
material to form an electrode—fbrmingEcomposition and

applying the composition onto an electroconductive

substrate, such as a metal foil or a metal net,

followed by drying to form an electrode. As such a
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binder solution for a non-aqueous—type battery, those
ocbtained by dissolving 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-A) 6-93025
and JP-A 6-172452. This is because a.vinylidene

fluoride polymer is excellént in chemical resistance,

‘weatherability, anti-staining property, etc., is

soluble in a polar solvent as described above but is
stable against a non-aqueous electrolytic solution
while it is swollen to some extent within such a non-
aqueous electrolytic solution. Further, a vinylidene
fluoride polymer can retain a good adhesion onto a
substrate of metal, etc., by copolymerization or
modifidation. .

There has been found a problématic phenomenon

that a binder solution obtained by dissolving such a

vinylidene fluoride polymer in a polar solvent
exhibits a remarkably increased solution viscosity
depending on a production 1ot of the Solvent used.
Such an increased solution viscosity @akes it
difficult to obtain a uniform thickness of film in the
electrode formation step by application and causes
gelling at the time of kneading with the active
substance so that the film formation per se becomes

difficult. Even if the.film.formation.is possible,
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there has been observed a phenomenon that the binder
film after the applYing and drying exhibits a large
degree of swelling in a non-aqueous electrolytic
solution. A large degree of swelling of the binder in

a non-aqueous electrolytic solution leads to an

increase in contact resistance between the powdery

electrode material, particularly the active

substance, and the metal foil or metal net, and an
ihcrease in contact resistance between the active
substance particles-themselves, thus resulting in ah'
increased internal resistance in the battery. In'the
case of a secondary battery capable of repetitive
charging and discharging, the increased internal
resistance leads to an inferior charge—discharge cycle
performance and is liable to result-in a shorter
battery life. .

The gelling duringmixing with an active
substance‘is rather remarkably causedfin the step of
forming a positive electrode-fofming SIurry
compcsition than in the step of forming a negative
electrode-forming slurry composition using carbon as a
powdery electrode material. From thig fact, it is.
assumed that the gelling of a vinylidene fluoride
polymer in thepositiveelectrodewforming slurry
composition is attributable to the function of a
1ithium~based'complex metal oxide as é positive

electere active substance, and it has been also
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- found that this tendency 1s particularly promoted in

the case of adding carbon black as an electro-

conductivity—-imparting additive.

SUMMARY OF THE INVENTION

Accordingly, a principal object of the
present invention is to provide a vinYlidene fluoride
polymer binder solution which per se is stable without
causing a viscosity increase and allows the formation
of a battery electrode which is stable and free from
excessive swelling in a non—aqueous.electrolytic
solution, and also an electrode-forming composition
formed by dispersing a powdery electrode material in

such a binder solution.

Another object of the present invention is to

~stabilize a positive electrodewforming'composition in

which the gelling of a vinylidene fluoride polymer is
liable to be promoted.

A further object_of the present invention is.
to provide an electrode struCture formed from the
above-mentioned electrode-forming composition, and a
non-aqueous—-type battery including suéh an electrode
structure. ‘

. According té thé present invention, there is
provided a vinylidene fluoridé polymei binder

solution, comprising: a solution of a vinylidene

- fluoride polymer 1n an organic solvent, stabilized by
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addition of an acid. It is preferred that the acid
has been added in such an amount as to provide the
binder solution, a portion of which will provide a 10-

times dilution thereof with deionizedéwater exhibiting

a pH of at most 9. The acid may preferably be an

organic acid.

According to another aspect of the present
invention, there'is provided an electrode-forming
composition comprising a powdery electrode material
dispersed in a vinylidene fluoride polymer binder
solution as described above. '

According to the present invention, there are
further provided an electrode structuie, comprising:
an electroconductive substrate, and a'composite
electrode layer disposed on at least one surface of
the substrate comprising a powdery electrode material

and a vinylidene fluoride polymer stabilized by an

| organic acid; and a non-aqueous-type battery including

such an electrode structurédes a positive or a
negative electrode.

Some explanation is added regarding the
function and effect of the present inYention. As a
result of our study, it has been found that_the above-

mentioned abnormal viscosity increase in a vinylidene

fluoride polymer binder solution is associated with an

acidity or alkalinity of the systemn. It is difficult

to directly measure‘the acidity or_alkalinity'of the
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solution of a vinylidene fluoride pdlymer in an
organic solvent, but a measure may be obtained by
diluting a portion thereof with ten times in amount of
deionized water and measuring a pH of the resultant
liquid. As a result of such a measurement, it has
been found that the solution system having caused a
viscosity increase shows a pH exceeding 9 of such a

10-times dilution liquid. Further knowledge or

assumptions have been obtained, such that the

viscosity increase is related with dehydrofluorination

of a vinylidene fluoride polymer in an alkaline medium

which per se is a known phenomenon and is directly
related with the binder performance thereof; many of
polar solvents exhibiting a good dissolving power for
a vinylidene fluoride polymer are nitrogen—-containing
organic solvents, such as N-methylpyrrolidone and
dimethylformamide; and whether the viscosity increases
or not and how much it increases are depending on the
production lot of a solvent, and are relatéd with an
increase of alkalinity of the solvent due to an
alkaline substance, such as amine, which remains, oT
is generated or liberated during the production or the
storage thereafter of suCh a nitrogenfcontaining
organic solvent. Incidentally, it is assumed that the
binder performance, such as a solvent resistance br
anti-swelling property, of a vinylidene fluoride

polymer is lowered by the dehydrofluorination because
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the dehydrofluorinated site is liable to be bonded

with oxygen to'consequently increase the affinity with
a non-aqueous electtolytic solution, or the resultant
increase of different kinds of bond in polymer
molecular structure lowers the crystailinity of the
polymer which 1s an effective factbr fer providing a
good solvent resistance. The present invention is
based on such analysis'and also based on a knowledge

that the above-mentioned difficulty of a vinylidene

fluoride polymer binder solution accompanied with a

viscosity increase can be effectively'suppressed by

the addition of an acid for providing a pH of the

‘system at 9 or less.

Further, it has been also confirmed that the
above-mentioned stabilization effect ef acid addition
is also remarkably observed in a positive electrode-
forming slurry composition, and the use of an orgahic
acid is particularly preferable. ‘ .

These and other objects, featuree and
advantages of the present invention will become more
apparent upon a consideration of the following
description of the preferred embodimeqts of the
present invention taken in cdnjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a partial sectional view of an
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electrode structure which may be adopted in a non-aqueous-type
battery.

Figure 2 is a partially exploded perspective view of
a non-aqueous-type secondary battery which can be constituted

according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION
'The vinylidene fluoride polymer used in the present

invention,may'include vinylidene fluoride5homopolymer,
vinylidene fluoride copolymer and modification products of

10 these. Vinylidene fluoride homopolymer is preferred in view
of resistance to a non-agqueous electrolytic gsolution,
particﬁlarly anti-swelling property. However, the homopolymer
is liable to exhibit’a somewhat low adhesion onto an electrode
substrate, e.g., metal, so that it is preferred to use a
copolymer of vinylidene fluoride with another monomer,
preferably containing at least 95 mol% of'vinylidene fluoride.
Particularly preferred copolymer is one with an unsaturated
dibasic acid monoester, a vinylene carbonate, an epoxy group-
containing vinyl monomer, etc., to obtain a copolymer having a

20 polar group, such as a carboxYI group, a carbonate group Oor an
epoxy group (e.g.,-JP-A16-172452). It is also preferred to use
a:modified vinylidene fluoride polymer obtained by treating
such a vinylidene fluoride homopolymer or copolymer in a
solvent capable of dissolving or swelling such a vinylidene

fluoride polymer with a silane coupling

27528-17
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agent or titanate coupling'agent ha&ing a group
reactive with the vinvlidene fluoride polymer, such as
an amino group or a mercapto group, and a hydrolyzable
group in combination (as disclosed in JP-A 6-93025).
In order to retain a good anti-swelling resistance
against a non-aqueous eleCtrolytic solution as a
whole, however, the vinvlidene fluoride polymer may
preferably retain at least 90 mol. %, particularly at
least 95 mol. %, of untreated vinylidene fluoride
units.

The vinvylidene fluoride polymer may
preferably have an inherent viscosity (logarithmic
viscosity number at 30 ©C of a sblution obtained by
dissolving 4 g of resin in 1 liter of N, N-
dimethylformamide) of 0.5 or higher, more preferably
0.5 - 2.0, particularly preferably 0.8 - 1.5.

The organic solvent used for dissolving the
vinylidene fluoride polymer to provide the binder
solution according to the present invention may
preferably be a polar one, examples 0of which may
include: N-methvyl-2-pyrrolidone, dimethylformamide,
N,N-dimethylacetamide, dimethylsulfoxide,
hexamethylphosphamide, dioxane, tetrahydrofuran,
tetramethylurea, triethyl phosphate, and trimethyl
phosphate. These organic solvents may be used singly
or in mixture of two or more species. As described

above, many of good solvents for vinylidene fluoride
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polymer are nitrogen-containing solvents, which are

also liable to generate an alkaline snbstance causing

a viscosity increase of the binder soiution. It is

preferred to use a nitrogen-containing organic solvent

in the present invention. However, even for a non-
nitrogen—-containing organic solvent, it is preferred
to add an acid for pH control'accordipg to the present
invention because it becomes possible;to dbviate a

difficulty accompanying a pH increase possibly caused

for some reason thereafter. Examples of such non-

nitrogen—-containing good solvents include dioxane,

tetrahydrofuran.and trialkyl phOsphates, which'can
suitably.be'used‘singly'or in mixturegwith a nitrogen-
containing organic solvent.

~ For obtaining the binder solution according
to the present invention, it is preférred to dissolve
0.1 -~ 20 wt. parts, particularly 1 - 15 wt. parts, of
the above-mentioned'vinylidene fluoride polymer in 100
wt. parts of such an organic solvent. BeIOW'O.l wt.
part, thé polymer occupies too smallla proportion 1in '
the solvent, thus'being liable to fail in exhibiting a

sufficient binder performance. Above 20 wt. parts,

the resultant solution is liable to have an

- excessively high viscosity, thus making it difficult

to prepare an electrode-forming composition.
It is preferred to add an acid to the binder

solution so that a portion of the binder solution
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after the acid addition is diluted with 10-times in
amount of deionized water to provide a liquid which
exhibits a pH of at most 9.

The acid to be added is not'basically
restricted in species. 1t is however preferred to use
such an acid that is removed by decomposition or
vaporization during the steps of applying and drying
the resultant electrode-forming composition to be free
from remaining in the shaped electrode. It is also
preferred to use an acid little reactive with an

electrode active substance. 1In this respect, an

inorganic acid, such as hydrochloric acid or sulfuric
acid, is liable to react with an eleetrode active
substance, thus being not necessarily preferred.'
Particularly, in the case of using ah electrode active
substance, such as graphite, liable to form an
intercalation compound with an inorganic substance, it
is preferred to use an organic acid having a large
molecular diameter and thus being less liable to form
an intercalation compound. It is preferred to use an
organic acid which has a high vapor pressure, or is
susceptible of decomposition to be seettered in a
temperature region of the drying step (ordinarily at
or below 175 9C which is the melting point of PVDF
(vinylidene fluoride homopolymer)). - Examples of the

organic. acid preferred from such viewpoints may

include: acrylic acid, formic acid, citric acid,

27528-17
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acetic acid, oxalic acid, lactic acid, pyruvic acid,

malonic acid, succinic acid, propionic acid, maleic

acid,.maieic anhydride, citraconic acid, and lactic
acid. Among these, it is particularly preferred to
use malonic acid, or a dibasic acid forming or capable
of taking a cis-form, such as maleic acid or
citraconic acid.

The incorporation of such an acid in a
vinylidene fluoride polymer solution may preférably be
performed by adding the acid to an organic solvent in
advance for'solvent pH’adjustment and then dissolving
the polymer in the solvent. It is hoWever also '
possible to simoltaneously add an acid at the time of
dissolving the.polymer in an organic 501vent or to
first dissolve the polymer in an orgahic solvent and
then add an acid to the polymer solution.

The acid may preferably be added in an amount

- sufficient to provide a binder solutiOn, a portion of

which will provide a 10-times dilution thereof with
deionized water exhibiting a pH of at most 9.0, (the
pH being’substantially equal to that of a lo-times
dilution of an organic solvent to whioh.an acid has
been added in advance according to the preferred
embodiment). The lower 1imit of theipH is not
particularly restrictedﬁbutmay‘ordioarilyibe down to

ca. 3 as a particular improvement.cannot be expected.

'by the addition of a further amount of acid. However,
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in the case of using an organic acid}according to a
preferred embodiment, the organic acid-is decomposed
or'evaporated'during the applying and drying steps

for electrode formation, so that an excessive addition
thereof is not harmful. Even in case where the
organic solvent of the binder solution before the acid
addition already exhibits the dilution pH of 9 or

below, it is preferred to add a certain amount of the

‘acid so as to exhibit a buffer effect of resisting a

possible pH increase thereafter for some reason, such

as decomposition of the solvent. In this instance,

the acid may preferably be added in an amount of at

~least 100 wt. ppm, more preferably 300 - 10,000 wt.

ppm, in the resultant binder solutioa; In this mode,

it i1s particularly preferred to use an organic acid

which results in almost no harm even if it remains

thereafter. Such an organic acid evan exhibits a
tendency of improving the electrode performances
through stabilization Of the vinylidenefluoride
polymer by remaining thereof in the électrode;

An electrode-forming composition may be
obtained-by‘adding and,dispersing a pgwdery electrode
material (an active substance and‘optional'additives,
sﬁch as an electroconductivity-imparting additive)
into the thus-Obtained vinylidene fluoride polymer.
binder solution according to the present invention.

In the case of forming a positive electrode,
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the active substance may comprise a composite metal
chalcogenide represented by a general?formule of
LiMYZ; 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 O erS. 'Among

these, it is preferred to use a lithium-based

composite metal oxide represented by a general formula

of LiMO,, wherein M is the same as above. Preferred
examples thereof may include: LiCoO,, LiNiO,,
LiN1,Coy_;05, and spinel-structured LiMh204. Among
these, it 1is particularly preferred te use a Li-Co or

Li-Ni binary composite metal oxide orfLi-NieCo ternary

composite metal oxide inclusively represented by a

formula of LiNigCoj_ 0, (0 < x < 1) in view of a high
charge-discharge potential and excellent cyeie .
characteristic. '

In the case of forming a negetive electrode,
the active substance may preferably comprise a
carbonaceous material, such as graphite, activated
carbon or a carbonaceous material obteinedby'
carbonization of phenolic resin, pitch, etc.

An electroconductivity-imparting additive may
be added in order to improve the conductivity'of a
resultant composite electrode layer formed by
applying and.dryihg of the electrode-forming
composition of the present invention,fparticularly in

case of using an active substance, such as LiCo0,,

s . o v  maaan
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showing a small electron—conductivityiin a positive

~electrode. Examples thereof may include: carbonaceous

materials, such as oarbon black, graphite fine powder
and fiber, and fine powder and fiber of metals,‘such
as nickel and aluminum. The effect of stabilizing the
positive electrodewforming composition according to
the present i1nvention is particularlygpronounCed in
.the case of using electroconductive carbon black
(preferably one having an average particle size
(diameter) of ca. 10 - 100 nm as measored by

observation through an electron microscope) which has

a large electroconductivity-improving effect but also

is liable to exhibit a remarkable effect of promoting
gelation of vinylidene fluoride polymér, singly or.in
combinetion with another electroconductivitywimparting
additive. Such an electroconductivity-imparting
additive may preferably be used in angamount of-O.l -
10 wt. parts per 100'wt. parts of a composite metal
oxide constituting the poSitive electrode. In the
case of using a carbonaceous material exhibiting a
1argeelectroconductitity, such an electro-
conductivity-imparting additive need oot be added.

In formulating the electrode-forming

composition according to the present invention, it is

preferred to blend 0.1 - 50 wt. parts} particularly 1

- 20 wt. parts of vinvlidene fluoride}polymer'with

100 wt. parts of a powdery electrode material.
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The incorporation of an organic acid for
stabilizing vinylidene fluoride polymer in the
positive electrode-forming compositidn may be
performed in any arbitrary manner. Eor example, it is
possible to blend the acid simultanequsly with
blending of a positive electrode active subétance,
carbon black, a vinylidene fluoride polymer and an
organic 501vent. It 1S however preferred to form a
vinylidene fluoride polymer solution containing an
organicCc acid added thereto (more preferably by
dissolving a vinylidene fluoride polymer in an organic
solvent already containing an organic acid)-and then
blending the vinylidene fluoride poljmer solution with
a powdery'electrode material, such aS a positive
electrode active substance.

The thuseprepared positive dr negative
electrode-forming slurry'composition:may be used for
forming an electrode structure having a partial

sectional structure as shown in Figure 1. More

'Specifically, referring to Figure 1, the slurry

composition may be applied onto at least one surface,
preferably both'surfaces; of an elect;oconductive
substrate 11 comprising a foil or wi:e net of a metal;
such as iron, stainless steel, steel; copper,
aluminum, nickel or titanium and having a thickness
of, e.g., 5 - 100'um; or 5 - 20 um for a small-sized

battery, and dried at, e.g., 50 - 170 °C, to form a
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composite electrode lavyer (12a, 12b) bf, e.g., 10 -
1000 ym, preferably 10 - 200 pm, in thickness for a

small-sized battery, thereby providing an electrode

structure 10 for a non-aqueous-type béttery.

Figure 2 is a partially exploded perspective

view of a lithium secondary battery as an embodiment

of a non—aqueousmtype battery according to the preSent
invention, including an electrode structure prepared
in the aboveédescribed,manner. .

More specifically, the secondary battery

basically includes a laminate struCture including a

positive electrode 1, a negative electrode 2 and a

separator 3 disposed between the positive and negative
electrodes 1 and 2 and comprising a fine porous film
of a polymeric material, such as polyethylene or
polypropylene, impregnated with an electrolytic
solution. The laminate structure is wound in a vortex
shape to form an electricity%generatihg element which
is housed within a metal casing 5 having a bottdm
constituting a negative electrode terﬁinal >S>a. In the

secondary battery, the negative electrode 2 is

‘electrically connected to the negative electrode

terminal 5a, and the uppermoSt portion of the battery 1is

constituted by disposing a gasket b6 ahd a safety wvalve

7 covered with a top plate 8 having'atprojection
Constituting'a.positive electrode terminal 8a

electrically connected to the positive electrode.
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Further, the uppermost rim 5b of the?casing J is

crimped toward the inner side to form.an entirely
sealed cell structure enclosing thé électricity-
generating element. .The positiveelectrode 1 and the
negative electrode 2 may have a structure of the
electrode structure 10 shown ih Figure 1.

The non-aqueous electrolyteﬁsolution
impregnating the separator 3maycomprise a solution
of an electrolyte, such as a lithium:salt,in a non-
aqueous solvent (organic solvent). ‘

‘Examples of the electrolytegmay include:;
LiPFg, LiAsFg, LiCl04, LiBF,, CH3S03Li, CF3SO;Li,
LiN(SO,CF3)9, LiC(SOZCF3)3, LiCi, and LiBr. Examples
of the organic solvent fbr such an electrdlyte may
include: propylene carbonate, ethyleqe carbonate, 1, 2-
dimethoxyethane, 1,2-diethoxyethane, dimethyl
carbonate,diethyl carbonate, methyl ethyl carbonate,
J¥butyrolactone, methyl propionate, éthylpropionate,
and mixtures of these, but they are not exhaustive.

In the above, a cylindricalébattery has been
described as an embodiment of the nod~aqueoﬁs~type
battery according to the present inveption. However,
the non-aqueous~type battery according to.the present
invention can basically have any other shapes, such as
those of a coin, a rectangular_patallelepiped, or a
paper or sheet. '

[Examples]}




10

15

20

25

2193935

-20-

Hereinbelow, the present inventionwill be
described more specifically based Exaoples and
Comparative Examples.

(Preparation of vinylidene fluoride polymer)

A carboxyl group-containing vinylidene
fluoride polymer was prepared in the following manner.

Into a 2 liter-autoclave, 1040 g of deionized
water,'0.8 g of methyl Cellulose, 2.5fg of ethyl
acetate, 4 g of diisopropyl peroxydicarbonate, 396 g

of vinylidene fluoride and 4 g of monomethyl maleate

{i.e., vinylidene fluoride/monomethyl maleate =

100/1.01 (by weight)) were added and subjected to
suspension polymerization at 28 9cC for 47 hours.

After completion of the polymerization, the

- polymerization slurry was de-watered, washed with

water and dried at 80 QC for 20 hoursito obtain a
powdery polymer. '

The polymerization Yield was 90 wt. %, and
the resultant polymer showed an_inherent viscosity of
1.1, and a carbonyl group content of l.2310"4 mol/g.
(Organic solvent) . '

20 lots of commercially'aVailable N-methyl-2-
pyrrolidone (hereinafter abbreviated'es "NMP") were
stored at room temperature for ca. 3 months and then
usedfor the following tests, The NMP in 20 lots
provided 10-times dilutions with demionized water

showing pH ranging from 6.5 to 11.0.
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Comparative Example 1

Into a lot of NMP having-pro#ided a 10-times
dilution with de-ionized water showing a pH of 9.5,
the abovemprepared carboxyl groupwcontaining
vinylidene fluoride polymer was dissoivedat‘SO OCc so
as to provide a concentration of 13 wt. % to obtain a
binder solution. :

Example 1

1000 ppm of maleic acid was added to the same
lot of NMP as used in Comparative Example 1, and the
solution wes also dilnted with ten times of deionized

water, whereby the dilution showed a pH of 3.2. Then,

into the NMP containing maleic acid, the above-

mentioned vinvylidene fluoride polymerfwas dissolved
similarly as in Comparative Exemple lgto prepare a
binder solution at a concentration of:13 wt. 5.
(Viscosity and Fluorine 1i0n concentration measurement )
The binder solutions prepared in Comparative
Example 1 and Example 1 were subjected to measurement

of viscosity by using a rotating viscometer {according

to JIS K7117) and measurement of fluorine ion (F~)

concentration.

(Film.formation and Swelling test)
Each of the binder solutions prepared in
Comparative Example 1 and Example 1 was cast onto a

glass plate and dried at 130 Oc for 2 hours, followed

by peeling, to form a ca. 200 pm-thick film.
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Then, each film thus obtained was dipped at

70 °C for 72 hours in an electrolytic solution formed
by dlssolv1ng 8.8 wt. parts of L1C104 1nto a liquid
mlxture of 953.6 wt. parts of propylene carbonate and

3 37.6 wt. parts of dimethoxyethane. In the meantime,
each film was taken out at 24 hours each to evaluate
the degree of swelling in terms of a.Cast film weight
increase percentage (increased weight/weight of the
film before dipping x 100).

10 The results of the above measurement are

summarized in the following Table 1.

Table 1
- COmpaiatiGé -
Example 1 Example 1
15 . SR
Binder solution
Amount of maleic acid added 0 1000 ppm
10-times dilution pH 9.5; 3.2
Viscosity (mPa.s) \1010? ‘ 870
20 Fluorine (F ) concentration 200-500 ppm %100 PpPm
Degree of film swelling (wt.%)
24 hours ‘ 28" . 20
48 hours 29 21
. 72 hours ' . 29 22

The results in the above Table 1 show that,
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compared with the vinYlidene fluoride?polymer binder
solution of Comparative Example 1 using NMP as it was,
the vinylidene fluoride polymer binder solution of
Example 1 obtained by adding 1000 ppm of maleic acid
was stabler in view of low viscosity increase and low
fluorine ion concentration and showed a remarkably
improved swelling resistance against an electrolytic
sclution for non—-aqueous-type battery}

Comparative Example 2

Into a lot of NMP showing a 10-times dilution
pH of 10.9, the above-mentioned carbokyl group-
containing vinylidene fluoride polymer was dissolved
to form a binder solution at a concentration Of.13
wt. %. .

Example 2

1000 ppm of malqnic acid was added to the
same lot of NMP as used in Comparative Example 2, and
then the'Carboxyl group-containing vihylidene fluoride
polymer was dissolved to.form.a bindetsolution at a
concentration.of 13 wt. %.

The binder solutions of the ébove Comparative
Example 2 and Example 2 were respecti?ely used for
formation of a cast film similarly as in Example 1,
and the resultant films were subjected to dipping in

the electrolytic solution at 70 ©cC for 72 hours

.similarly as in Example 1. As a result, the films

exhibited-Swelling degrees after 72 hburs as shown




D4
below.
Table 2
- - Comparative - o
Example 2 Example 2
5 Amount of malonic acid 0. 1000 ppm
Swelling degree after 72 hrs. 25 wt. % 18 wt. %

i S SIS - Al o APt o — - o P — - M—— —

Comparative Example 3
Into a lot of NMP showing a 10-times dilution

10 of pH of 9.5, vinylidene fluoride hqmopolymer
("KF*Polymer #1100", available from Kureha Kagaku
Kogyo K.K.) was dissolved at 50 °C to form a binder
solution at a concentration of 13 wt. §%.

Example 3

aant

15 1000 ppm of maleic acid was added to the same
lot of NMP as used in Comparative Example 3, and then

the vinylidene fluoride homopolymer used in

Comparative Example 3 was dissolved therein to form a

binder solution at a ccncentration Of 13 wt. %.

20 The thus-formed binder solutions were
subjected to measurement of viscosity and degree of
film swelling similarly as in Example 1. The results

are shown in Table 3 below.

*Trade-mark

41’ . " ~ 27528-17
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Table 3
L Comparative .
Example 1 = Example 1
Binder solution
Amount of maleic acid added 0 1000 ppm
10-times dilution pH 9.5 3.2
Viscosity (mPa.s) . 980 717
Degree of film swelling (wt.$%)
72 hours 20 15

Also in this case, the addition of maleic
acid provided a binder solution showing a good
viscosity increase—preventing effect.end an improved

film swelling resistance.

Example 4 and Comparative Example 4

The films prepared in the above Example 1 and
Comparative Example 1 were respectively“dipped in an
electrolytic solution comprising 11.6 wt. % of LiPFg,
510 wt. % of ethylene carbonate and 37.4 wt. % of
diethYl carbonate at 70 °C for 72 hours. After the
dippihg, the films Showed swelling degrees (weight
increases due to swelling) of 18 wt. % and 24 wt. %,

respectively.

Example 5

9 wt. parts of LiNio.SCoo-ZOZ,(active

substance, Dav. (average particle diameter)': 15 pm),
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0.7 wt. part of electroconductive carbon black (Dav. =

ca. 40 nm, specific surface area = 30@m2/g, oil
absorption = 129 ml/g), 0.3 wt. part Qf vinylidene
tiuoride homopolymer ("KF Polymer #1300", available
from Kureha Kagaku Kogyo K.K.), and 6 wt. parts of NMP

containing 0.1 wt. % of maleic acid were blended with

each other and uniformly dispersed at 50 ©C to prepare

a positive electrode-forming slurry cbmpcsition. The
slurry shqwed substantially idénticaljviscosities
before and after storage for 24hoursiat room
temperatuté. The slurrywas applied cnto one surface
of a 10 pm-thick copper foil and dried at 130 °C to
form a totally 100 pm-thick electrode%structure having

a smooth positive electrode layer.

Example.6
9 wt. parts of LiNio.9C00_102 (Dav. = 15 pm),
0.7 wt. part of electroconductive carbon black, 0.3

wt. part of vinylidene fluoride homopolymer ("KF

‘Polymer #1300") and 6 wt. parts of NMP.containing 0.1

wt. % of Citraconic acid were blended?with each other
and uniformly dispersed at 50 ©C t0'piepare a positive
electrode-forming slurrycomposition.x The'slurry
show9d'substantia11y identical.viscOsities before and
after storage for 24 hours at room témperature. The

slurry was applied onto one surface of a 10 um-thick

- copper foil and dried at 130 ©C to form a totally 105

num-thick electrode structure having,a smooth positiwve
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electrode layer.

Example 7

A positive electrode-formingﬂslurry
compositionwas prepared in the same manner as in
Example 5 except for using'ﬁ wt. parts of NMP '
containing 0.1 wt. % of malonic acid instead of the
0.1 wt. 3 of maleic acid. The slurryﬁshowed
substantially identical viscosities before and after
storage for 24 hours at room.temperatﬁre. The slurry
'waS.applied onto one surface of a 10 pm-thick copper
foil and dried at 130 °C to form a totally 102 pm-

thick electrode structure having a smbbth positive

- electrode layer.

Example 8

A positive electrodewformingéslurry
composition_was prepared in the same manner as 1in
Example 5 except for using 6 wt. parts of NMP
containing 0.1 wt. % Oof acetic acid instead of the
0.1 wt. % of maleic acid. The slurry showed
substantially identical.viscosities beforeand after

storage for 24 hours at room temperature. The slurry

was applied onto one surface of a 10 pm-thick copper

foil and dried at 130 °C to form a totally 106 pm-
thick electrode structure having a smboth positive
electrode layer.

Comparative Example 5

A positive electrode-forming slurry
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composition was prepared in the same hanner as 1in
Example 5 except for using 6 wt. parts-of NMP
containing no maleic acid. ' .

"After the preparation, the 31urry caused
severe gelling when it was storedfor:Z - 3 hours at
roomtemperature,thusmakingitdifficult to apply
the slurry onto a copper foil. .Aftef 24 hours of
storage at room temperature, theslufry became a
rather hard pﬁdding state and could not be used.

As described above, according to the present

invention, an acid, preferably an organic acid, is

added during formation of a binder solution for a non-
aqueous-type battery electrode by dissolving a
vinvlidene fluoride polymer'in an organic solvent,
whereby it is possible to effectively obviate a
viscosity increase of the binder soldtion, a 1ewering '
of binder effect in the resultant electrode due to

swelling of the binder with an electrolyte solution,

- and gelling of an electrode—forming.elurry,

particularly a positive electrode-forming slurry,

which are problematic but have been frequently caused

heretofore in non-aqueous-type battery electrode

formation.
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CLAIMS:
1. A vinylidene fluoride polymer binder solution for

preparing an electrode-forming composition, the binder

solution consisting essentially of:
an organic solvent,

a vinylidene fluoride polymer in an amount of

0.1-20 wt. parts per 100 wt. parts of the organic solvent,

and

an organic acid in a stabilizing amount such that

the solution, when diluted 10 times with deionized water,

exhibits a pH of 3-9,

wherein the vinylidene fluoride polymer has an
inherent viscosity of at least 0.5, as measured at 30°C at a
concentration of 4 g/liter in N,N-dimethylformamide, and is
at least one member selected from the group consisting of
(A) a copolymer of at least 95 mol% of vinylidene fluoride
with another copolymerizable monomer; (B) a modified product
of a vinylidene fluoride homopolymer or the copolymer (A)
modified by reaction with a silane or titanate coupling
agent having both (1) a group reactive with the wvinylidene
fluoride homopolymer or copolymer and (2) a hydrolyzable
group; and (C) a carboxy group-containing vinylidene

fluoride homopolymer or copolymer, and

wherein the organic acid is one that is decomposed

or evaporated during steps of applying and drying the
electrode-forming composition for forming an electrode and

1s absent 1n the electrode formed from the electrode-forming

composition.
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2. The binder solution according to claim 1, wherein
the organic acid is contained at a concentration of at least

100 wt. ppm.

3. The binder solution according to claim 1 or 2,
wherein the organic acid 1s selected from the group
consisting of acrylic acid, formic acid, citric acid, acetilc
acid, oxalic acid, lactic acid, pyruvic acilid, malonic acid,
succinic acid, propionic acid, maleilic acid, maleic
anhydride, citraconic acid, lactic acid and mixtures

thereof.

4, The binder solution according to claim 1 or 2,
wherein the organic acid is maleic acid, malonic acid or

citraconic acid.

5. The binder solution according to any one of
claims 1 to 4, wherein the vinylidene fluoride polymer 1is
(A) a copolymer of at least 95 mol% of wvinylidene fluoride

with another copolymerizable monomer selected from the group

consisting of an unsaturated dibasic acid monoester,
vinylidene carbonate and an epoxy group-containing vinyl

monomekxr.

6. The binder solution according to any one ot
claims 1 to 4, wherein the vinylidene fluoride polymer is a

modified product of a vinylidene fluoride homopolymer or a

copolymer of at least 95 mol% of vinylidene fluoride with
another monomer selected from the group consisting of an
unsaturated dibasic acid monoester, vinylidene carbonate and

an epoxy group-containing vinyl monomer, modified by

reaction with a silane or titanate coupling agent having
both (1) a group reactive with the vinylidene-fluoride
homopolymer or copolymer selected from the group consisting
of an amino group and a merxcapto group and (2) a

hydrolyzable group.
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7 . The binder solution according to any one of
claims 1 to 6, wherein the organic solvent 1is a nitrogen-

containing polar organic solvent.

8 . The binder solution according to claim 7, wherein

the nitrogen-containing polar organic solvent i1s N-methyl-2-

pyrrolidone.

9. The binder solution according to any one of
claims 1 to 8, wherein the organic acid 1s contalined at a

concentration of 300-10,000 wt. ppm.

10. A binder solution for dispersing a powder

electrode material containing an electrode active substance

for forming an electrode of a non-aqueous-type battery,

which solution comprises:
(1) a vinylidene fluoride polymer;

(1ii) a polar organic solvent selected from the

group consisting of N-methyl-2-pyrrolidone,

dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide,

hexamethylphosphamide, dioxane, tetrahydrofuran,

tetramethylurea, triethyl phosphate, trimethyl phosphate and

mixtures thereof; and

(1ii) an organic acid 1n such an amount that a
solution obtainzd by diluting 10 times the binder solution

with deionized water has a pH value of at most 9,

wherein the vinylidene fluoride polymer (1) has an
inherent viscosity of at least 0.5, as measured at 30°C at a
concentration of 4 g/liter in N,N-dimethylformamide and is

contained 1in an amount of 1 to 20 wt. parts per 100 wt.

parts of the solvent;
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wherein the vinylidene fluoride polymer 1is at
least one member selected from the group consisting of (A) a
copolymer of at least 95 mol% of vinylidene fluoride with an
unsaturated dibasic acid monoester, vinylidene carbonate or

an epoxy group-containing vinyl monomer and (B) a modified

product of a vinylidene fluoride homopolymer or the

vinylidene fluoride copolymer with a silane coupling agent
or titanate coupling agent having both (1) a group reactive
with the vinylidene fluoride homo- or co-polymer and (2) a

hydrolyzable group, the modified product retaining at least

95 mol% of untreated vinylidene fluoride units; and

wh

el

erein the organic acid 1s one that i1s decomposed

or evaporated during steps of applying and drying the

electrode-forming composition for forming an electrode and

is absent in the electrode formed from the electrode-forming

compogition.

11. The binder solution according to claim 10,
wherein the organic acid 1s selected from the group
consisting of acrylic acid, formic acid, citric acid, acetic
acid, oxalic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, propionic acid, malelc acid, maleic
anhydride, citraconic acid, lactic acid and mixtures

thereof.

12. The binder solution according to claim 10 or 11,
wherein the solvent is at least one nitrogen containing
solvent selected from the group consisting of N-methyl-2-
pyrrolidone, dimethylformamide, N,deimethylacetamide,

hexamethylphosphamide and tetramethylurea.

13. A dispersion for forming an electrode of a non-

agueous-type battery, which comprises:
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(a) the binder solution as defined in any one of

claimeg 10 to 12, and

(b) a powdery electrode material dispersed in the

binder solution (a),

5 wherein the electrode 1s a positive electrode and

the powdery electrode material comprises a composite metal

chalcogenide of the formula: LiMY,

(wherein M is at least one transition metal and Y 18 O

or S).

10 14. A vinylidene fluoride polymer binder solution,
comprising a solution of a vinylidene fluoride polymer in an
organic solvent, and an acid added to the solution as a
stabilizer, which binder solution has been prepared by first
adding the acid to the organic solvent and then dissolving

15 the vinylidene fluoride polymer in thé organic solvent,

wherein the vinylidene fluoride polymer has an inherent

viscosity of at least 0.5, as measured at 30°C at a

concentration of 4 g/liter in N,N-dimethylformamide.

15. An electrode-forming composition, compriSing a
20 powdery electrode material dispersed in a vinylidene

fluoride polymer binder solution,

wherein the vinylidene fluoride polymer binder

solution 1s:

the solution according to any one of claims 1 to

25 12 or claim 14, or

a vinylidene fluoride polymer binder solution

consisting essentially of:

an organic solvent,
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a vinylidene fluoride polymer 1in an amount of

0.1-20 wt. parts per 100 wt. parts of the organic solvent,

and

an acid in a stabilizing amount such that the

solution, when diluted 10 times with deionized water,

gl
—

exhibits a pH of 3-9,

wherein the vinylidene fluoride polymer has an
inherent wviscosity of at least 0.5, as measured at 30°C at a

concentration of 4 g/liter in N,N-dimethylformamide, and 1is

at least one member selected from the group consisting of

(A) a copolymer of at least 95 mol% of vinylidene fluoride

-

with another copolymerizable monomer; (B) a modified product

of a vinvlidene fluoride homopolymer or the copolymer (A)

modified by reaction with a silane or titanate coupling

agent having both (1) a group reactive with the vinylidene
fluoride homopolymer or copolymer and (2) a hydrolyzable

group; and (C) a carboxy group-containing vinylidene

'fluoride homopolymer or copolymer.

16. An electrode structure, comprising:
an electroconductive substrate, and

a composite electrode layer disposed on at least

one surface of the substrate, the composite electrode laver

comprising a powdery electrode material and a vinylidene

fluoride polymer and being formed by applying onto the

electroconductive substrate and drying the electrode-forming

composition according to claim 15.

17. The binder solution as defined in c¢laim 10, 11 or
12, wherein the acid is malelc acid, malonic acid or

cltraconic acid.
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18. ‘ The binder solution according to any one of
claims 1 to 6, wherein the organic solvent 1s a polar

solvent selected from the group consisting of N-methyl-2-

pyrrolidone, dimethylformamide, N,N-dimethylacetamide,
dimethylsulfoxide, hexamethylphosphamide, dioxane,
tetrahydrofuran, tetramethylurea, triethyl phosphate,

trimethyl phosphate and mixtures thereof.

19. The binder solution according to claim 18, whereiln
the organic acid 1s contained at a concentration of 300 to

10,000 wt. ppm.

20. A process for producing an electrode structure to
be used as a positive or negative electrode 1n a non-agueous

lithium ion battery which comprises (1) the negative

electrode comprising a carbonaceous material capable of

being doped with lithium ions, (i1) the positive electrode
comprising a lithium composite metal oxide and (iii) a non-
agqueous electrolytic solution comprising a lithium salt
between the negative electrode (1) and the positive

electrode (ii), which process comprises:

(A) providing a vinylidene fluoride polymer binder

solution consisting essentially of:

a polar organic solvent selected from the group
consisting of N-methyl-2-pyrrolidone, dimethylformamide,
N,N-dimethylacetamide, dimethylsulfoxide,
hexamethylphosphamide, dioxane, tetrahydrofuran,

tetramethylurea, triethyl phosphate, trimethyl phosphate and

a mixture thereof,

a vinvlidene fluoride polymer in an amount of

0.1-20 wt. parts per 100 wt. parts of the organic solvent,

and
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an organic acid 1n a stabililizing amount such that
the solution, when diluted 10 times with deionized water,

exhibits a pH of 3-9,

wherein the vinylidene fluoride polymer has an
inherent viscosity of at least 0.5, as measured at 30°C at a
concentration of 4 g/liter in N,N-dimethylformamide, and is

pree
—

at least one member selected from the group Consisting of

g

(A) a copolymer of at least 95 mol% of vinylidene fluoride.

with another copolymerizable monomer; (B) a modified product
of a vinylidene fluoride homopolymer or the copolymer (A)
modified by reaction with a silane or titanate coupling

agent having both (1) a group reactive with the vinylidene

fluoride homopolymer or copolymer and (2) a hydrolyzable
group; and (C) a carboxy group-containing vinylidene

fluoride homopolymer or copolymer;

(B) dispersing a powdery electrode material into

the vinylidene fluoride polymer binder solution, to form an

electrode-forming slurry composition, wherein the powdery

electrode material comprises the lithium composite metal
oxide of the formula LiMY, (in which M 1s at least one
transition metal selected from Co, Ni, Fe, Mn, Cr and V and
Y is a chalcogen) when the positive electrode 1s to be
formed and the powdery electrode material comprises the
carbonaceous material capable of being doped with lithium
ions when the negative electrode is to be formed, and
wherein the vinylidene fluoride polymer binder solution 1is

used 1n such an amount that 1 to 20 wt. parts of the

1

vinylidene fluoride polymer 1is present per 100 wt. parts o:

the powdery electrode material in the resulting electrode-

forming slurry composition; and

(C) applying the electrode-forming slurry onto at

least one surface of an electroconductive substrate that is
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a foil or wire net of a metal, and then drying the applied

slurry at 50-170°C, thereby producing the electrode

structure.

21. The process according to claim 20, wherein the
organic acilid 1s one that 1s decomposed or evaporated during

applying and drying steps for forming the electrode (C) and

1s selected from the group consisting of acrylic acid,

formic acid, citric acid, acetic acid, oxalic acid, lactic
acid, pyruvic acid, malonic acid, succinic acid, propionic
acld, maleic acid, maleic anhydride, citraconic acid, lactic

aclid and mixtures thereof.
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