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VI NYE| DENE FLUORI DE POLYMER- BASED Bl NDER SOLUTI ON AND ELECTRODE- N
"COVPCSI TION FI ELD OF THE | NVENTI ON AND RELATED ART 5 B
Fhvention relates to a binder solution and an el ectrode-forning conp05|t|on
for formng an el ectrode suitable for use in a non-aqueous el ectrolytic
solution within a non-aqueous-type el ectrogchem cal device, such as a
non- aqueous-type 10 (secondary) battery, particularly a fithiumion
battery, or an electric double |ayer. capacitor; and an el ectrode structure
or an el ectrode sheet, and further a non-aqueous-type battery, respectively
obt ai ned t her ef r o-MINMLIDENE ' FLUORYDE rRGLYNER-BASED cBINDERNSODUBIOR and
wei ght of electronic apparatus and devices in recent years, there has been
a remarkably increasi ng ANRELEGIRODELRRORMING (COMPQSEREONei ght of a
battery as a power supply for such electronic apparatus and devices. In 20
order to generate a |arger energy froma battery of small vol une and

weight, it is iﬁﬁﬂéﬂgﬁf }" , e a higher voltaoe fromone battery. From
this viewpoint, HeT+or

AN ke ALED, ART At tery u5|ng a
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capabl e of beingiution and an electrode-forming composition 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

10 (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.

15 Accompanying.the reduction in size and ﬁéiéht
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

20 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 tofaibattery using a
non-aqueous olectrolytic solution-{ﬁ;zombination with

25 @a negative electrode substance comprising, e.g.,

~lithium or a carbonaceous material capable of being

doped with lithium ions, and a positive electrode



doped with lithiumions, and a positive el ectrode -2- active substance
conprising, e.g., a lithiumcobalt oxide. However, in such a

non- aqueous-type battery, the non-aqueous el ectrolytic solution shows only
a low 5 ionic conductivity on the order of 10[err] - 10[err] S/ cm conpared
with an ordinary |evel ionic conductivitg-of ca. 10[err] S/cmin an agueous
electrolytic solution, so that it becones essential to use an el ectrode
(layer) in a small thickness of several pmto several hundred 10 pmand in
a large area. As a nethod of econom cally obtaining such a thin and

| ar ge- ar ea el @etiveesubstanceheenprising: oedfspeasdithpomdeobaktect r ode

mat eri al conprising an el ectrode active substance in a binder solution
obt ai ned by d?§§ﬂ?ving an organi c polynmer 15 functioning as a binder-for

t he powdery el ectrode gﬁterial an_el ectrode-f.orm ng conposition and

to f
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20. | ayer
- 5 ionic conductivity on the order of 10"2 - 30™4 S/cm
compared with en 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
10 pm and in a lerge 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.substence in a.binder
solution obtained by dissolving an organic polymer
15 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
20 layer. ' :
Further, such a structure comprising a thin
electrode layer of a powdery electrode material'and a
resinous binder on an electroconductive substrate is
similarly used as an electrode strubtﬁfe for an
25 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



Further, such a structure conprising a thin electrode |ayer of a powdery
el ectrode material and a resinous binder on an el ectroconductive substrate
Ys similarly used as an el ectrode structure for an 25 el ectric double |ayer
capacitor (e.g., as disclosed in Japanese Laid-Cpen Patent Application
(JP-A) 7-82450). As such a binder solutiLgn for formng -3- el ectrodes
used in non-aqueous-type el ectro-chem cal devices, such as a
non-aqueous-type battery and an electric double layer capacitor, those
obt ai ned by dissolving various grades of vinylidene fluoride 5 polymers in
pol ar sol ventelectoddes tsedthy|nén-aquecusdbype dleetbyplchemieaide,

N, N-di met hyl acet am de have been ‘known as di sclosed in Japanese Laid-QOpen
-Pat ent Applid%%?%ﬁﬁ%dFSuGhGaQBQZEOEnGQQBGDSFtYEQtbabte5y4aﬁd9§ﬁ. This is
because a vinylidene fluoride 10 polyner is excellent in chenical

.resi stance, vé;&¢ﬁﬁ%ﬁﬂ¢?¥94eahEYe§t%@R@%bt®¥oth?§? ebtained byl uble in a

I I scri bed ab b [ t abl e. agai nst_a non- aqueous-
gfeggrzﬁyrfgtiig%ﬂ %#gQW§%Ef§€gﬁgr§§ﬁ#f%ﬁ ?ﬁngﬁhaeﬁﬁtEﬁF°R}Fﬁin such a non-

5 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

10 polymer is excellent in chemical resistance,
weatherability, anti-staining property, etc., is
' soluble in a poiar‘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-
15 aqueous electrolytic solution. Further, a Qinylidene
fluoride polymer can retain a good adhesioﬁ onto a
substrate of metal, etc., by copolymerization or
modification.
However, in the resultant composite electrode
20 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
25 good adhesion onto the electroconductive éubstrate
even in a small amount. The binder is generally

electrically insulating so that the'use thereof in an

<



15 aqueous electrolytic solution. Further, a vinylidene fluoride polyner
can retain a good adhesion onto a substrate of netal, etc., by

¢copol yneri zation or nodifi.cati on. However, in the resultant conposite

el ectrode 20 |ayer, the binder does not substantially contribute to

el ectro-chem cal performances of the elggtrode, so that the ampbunt of use
t hereof should be mnimzed to the utnost, and accordingly the binder is
‘required to well hold the powdery el ectrode material and exhibit a 25 good
adhesi on onto the el ectroconductive substrate even in a small anount. The

bi nder is genpictéysed canduetl tesults| fhi agl&pgéhaintéengte thereof in an
-4- increased anount results in a larger internal resistance of the

el ectrode. A sesistancdicf viepalectrode. bi Atiso fsomethbised to exhibit its
performances in as small an anount as possible. However, as is understood
fromthe abovieweeinpiithe hirdeerigrremeisedita exhibitiehtsf| uoride

pol ymer as an el ectrode-form ng binder in a non- aqueous-type

el ect r ocheni CRETERINRRCRFNIHAZ $BFHbAn amount as possible.

5 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

10 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

15 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

20 fluoride polymer remarkably lowers the solubility of °
the vinylidene fluoride polymer in a polar solvent énd
-provides_a binder solution causing gelaéion to result
in an inferior applicability of an,e;ectrode—forming
composition after mixing with a powdéry electrode

25 material, thus making it impossible to form a

composite electrode layer according to an ordinary

process including application and drying of such an



‘basad on a delicate bal ance between the solubility 10 thereof in a polar
solvent and the durability thereof in a non-aqueous electrolytic solution,
so that the reduction in anbunt of use thereof as the binder has been
considered to have a certain limt of itself. For exanple, if -the nol ecul ar
wei ght of a vinylidene 15 fluoride polgaer is |lowered, the solubility
thereof in a polar solvent is of course increased but the durability
thereof in a non-aqueous electrolytic solution is renmarkably inpaired

t hereby. On the other hand, an increase in nolecular weight of a vinylidene
20 fluori de eleictrode-doamiagl gompositsibne sduribhert,y idf hialse belemy| | dene
fluoride polyner in a polar solvent and provides a binder solution causing
‘gelation to &@Qﬂq thataen ineregseajy medscular weighte ectrode-forning

conposition after mxing with a powlery el ectrode 25 materjal, thus making
it i npossi bl éPP&YMﬁrmze?gceeﬁpégﬁFéeél prevides é’yé?‘?@éompﬂg‘qtow&ﬁhor di nary

o 00655 L") Wity SR 30eAd 0o 3 S Wallee 5 OB | ncrcase
in ”Dlecu%arfggfg@énce), 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 |
électrolytic solution. For these reasons, the upper

10 '1imit-of molecular weight of a vin&lidene flubride
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

15 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

20 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

25 sclution, the resultant composition instantaneously
gels when it is applied to an electroconductive

substrate, thus failing to provide an appropriate .



(polynerization degree) provides a shaped product with a lowering in
crystallinity (as a neasure of solvent 5 resistance), and a further
r a certain level in nolecular weight is expected to result in
in swellability and -not to provide a further inprovenent in

{f ncrease ove
an increase

durability within a non-aqueous electrolytic solution.

t he upper 10

nmeasur ed at

For these reasons,

limt of nolecular weight of a vinylidene fluoride polyner
has been believed to be 2.0 dl./g in ternms of an inherent viscosity (as

a concentration of 4 g-resinin 1 liter of
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.an i nherent GRRSitiom kasing an apprepyipte appbhcabillitylbed in a
sol vent, the resultant solution quickly causes gelation when

heat ed pol ar
cooled to ro
electrode-go
material in

i NSt ant aneou
thus failing

10

15

20

25

JH PR re el denephlueride polypeRchavingnanfinherent

) it is f ddi wd | ectrod
VAR firreS a1 Toh RS et faRESERaR: (o
Ul P 14y ) SRRk Sthd CafBvg! SSLESS8NCHELLYR Substrate

to provide a I a
there has been a'strong 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 and
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.

1.5



-6- ctonposite electrode layer. Thus, it has been believed essentially
difficult to obtain an el ectrode-form ng conposition having an appropriate
applicability by using a vinylidene fluoride polynmer having an inherent 5
viscosity in excess of 1.5 dl/g, particularly in excess of 2.0 dl/g. For

t he above reasons, though there has beenja strong desire to use a reduced
anount of binder, it has been generally believed necessary to use a binder
in an anount of about 10 wt. %in a 10 conposite el ectrode | ayer (solid)
(as disclosed in the above-nenti oned patent publications). SUMVARY OF THE
| N\VENTI ON I n contrast BAccohéimfote, oarpstudypalitohpscbedn of the present
invention i.s to provide an el ectrode- form ng binder solution capabl e of
-provi di ng a cékpeavered| thetodevinytidenhechluanidel poligmernhavihngl d a
powdery el ectrode material even at a smaller anmpunt of vinylidene fluoride
pol yner than #RfbrRenapt oviseesibytesceedingu?abi AlYg. ayhisbt hasnon- aqueous

electrolytic SOt hal's 408" £8" n8 LEEEnR A I BIERT 0L Lo hsa in® ©

5 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

10 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

15 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;

20 and it has been also discovered that such a high- :
molecular weight vinylidene fluoride polymer in the
resultant compésité electrode layer ethbit binder
performances, represented by a powdery electrode
material-retaining performance, which are remarkably

25 improved compared with those of a conventional
vinylidene fluoride polymer binder and can exhibit

appropriate binder performances at a smaller amount



‘provi de an el ectrode-form ng conposition, an el ectrode structure or

el ectrode sheet and further a non- 25 aqueous-type battery, as a
Yepresentative non-aqueous- type el ectro-chem cal device, respectively
exhi bi ting excellent perfornmances, based on the binder solution. -7-
According to our study, it has been djsggyered that a vinylidene fluoride
pol ymer having an inherent viscosity exceeding 2.0 dl/g, which has been
believed to be essentially difficult to use in 5 view of inferior _
applicability of the resultant el ectrode-form ng conposition, can retain an

appropriate degtge, otaappl weabgl a5ysnbRA YACHxHAPSesABRDRATIARKE- conditions.

Particularly, it has been found possible to forma snooth conposite

el ectrode 10 hayeinafitan)el eEurbherduditi hassbbenr aleowrielcegpiewant i ng the

gel ation of such a high-nol ecul ar wei ght vinylidene fluori e pol yner by

retaining an thatathe vinptideneefdhiogdde pODypmerr lin, theeresalitynt0 - 130

[err]C further preferably 50 - 120 [err]C, until the 15 formation of an

el ect r ode- f or fiPRBCEdEPo_leFbRodRAdl aperyi rggandlesscofodelpweming in

cOMpoSItiof 8l 8lta11inity, can exhibit not only an improved
-swelling resistance against a non-aqueous electroiytic
solution, but also an improved ability of retaining a
powdéry electrode material such as an active substénce
and a'remarkably improved charge-discharge cycle |

10 chafacteriétic of the resultant battery (as déscribed
in Exampies appearing heréeinafter). These |
improvements may be attributable to a.reduction in.
crystallite size of the vinylidene fluoride polymer
and an increased entanglement.befwéen individual

15 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

20 electrode suitable for use in a non-aqueous :
eleétrolytic solution, comprising a solution of a
vinylidene fluoride polymer having an igherent
viscosity of above 2.0 dl/g and at most 20 dl/g in an
organic solvent.

25 According to anofher aspect of the present

invention, there is also provided an electrode-formipg

composition comprising a mixture of a powdery



el evated tenperature onto an el ectroconductive substrate which is al so
retained at an el evated tenperature of 30 - 170 [err]C, particularly 40 -
470 [err]C, 20 and it has been al so discovered that such a high- nolecul ar
wei ght vinylidene fluoride polynmer in the resultant conposite el ectrode

| ayer exhibit binder perfornmances, repregented by a powdery el ectrode

mat eri al -ret ai ni ng performance, which are remarkably 25 inproved conpared
with those of a conventional vinylidene fluoride polyner binder and can
exhi bit appropriate binder performances at a snaller anount -8- (e.g.,
ca. 4 wt. % aelebtwodenmBtamphtswippbethengbbeweemeafttioned Bdndear, it has
been al so recogni zed that the vinylidene fluoride polynmer in the resultant
conposite el espluodéonayer, regardless of a lowering in 5 crystallinity, can
exhibit not only an |nEroved swel I'i ng resi stance_agai nst a non- aqueous
electrolytic sol ution, B&tPEP§Bn5nlpﬁﬁP$996 SBFWPPF Frovddgsnig®g a powdery
el ectrode nateélal active.,s nce and remar kably i nproved

Char ge.di schaPSBCEtFols ShEuRbnEe: SHILAPLSoFOF BoRodR et

describedls 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
10 binder comprising a vinylidene fluoride polymer havihg
an inherent viscosity of above 2.0 dl/g and at most 20
al/g. |
The present invention further provides a
process for producing an electrode structure,
15 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
20 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
25 temperature, and
evaporating the'organic sblvent to form a

composite electrode layer comprising the powdery



I n Exanpl es appearing hereinafter). These inprovenments nmay be attributable
to a reduction in crystallite size of the vinylidene fluoride polyner and
zan increased entangl enent .bet ween i ndividual 15 pol yner nol ecul es and
bet ween powdery el ectrode material and pol ynmer nol ecul es. The present
i nvention is based on the above di scoverigs and, according to a first
aspect thereof, there is provided a binder solution for formng an 20
“electrode suitable for use in a non-aqueous el ectrolytic solution,
conprising a solution of a vinylidene fluoride polyner having an inherent
viscosity of ebever@déd mhteriall amdnokbé vinylidene fhuoridei potwkeent. 25
Accordi ng to anot her aspect of the present invention, there is also
_provi ded an etrcthedelectnoeonduppbuet substEbabesing a nmi xture of a powdery
-9- electrode material_w th the above-nenti oned bi nder sol ution. The
_present invention furtfee preserksinvertien fuetier pravidesi 8ol e for use

'na noh-aqqufgctrode sheet suitable for use in a non-aqueous
| 5 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-

1b aqﬁeous—type battery, conprising: 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

15 electrode 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

20 present invention taken in conjunction with the :

accompanying drawings.

BRIEF _DESCRIPTION OF THE DRAWINGS
Figures 1 and 2 are each a partial sectional
25 view of an embodimeht of the electrode structure
according to the invention. |

Figure 3 is a partial sectional view



5 electrolytic solution, conprising: an el ectroconductive substrate, and a
conposite el ectrode |ayer forned on at | east one surface of the
&l ectroconducti ve substrate; said conmposite el ectrode |ayer conprising a
powdery el ectrode material and a 10 bi nder conprising a vinylidene fluoride
pol ymer having an inherent viscosity of ahgve 2.0 dl/g and at nost 20 dl/g.
The present invention further provides a process for producing an el ectrode
structure, 15 conprising: formng an el ectrode-form ng conposition
conprising a mxture of a powdery electrode material with a binder solution-
fornmed by di ssetnémsticdlly! sH6WEng! H0olbAlenaeky Beirukdvuired o#nannher ent 20
viscosity of above 2.0 dl/g and at nost 20 dl/g in an organic sol vent,
appl yi ng the eékettoile-foublaglagepoesapaciter ahiehecancdet enperature onto
at | east one surface of an el ectroconductive substrate at an el evated 25
tenperature, anonsbiputedi agcondingglai theoinwentionf.orm a conposite
el ectrode | ayer conprising the powdery

' Figure 4 is a partially exploded perspective

5 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
10 _electrbde-forming compositions according to Examples 8

and 10 and Comparative Example 4.

DETAILED DESCRIPTIONZOF THE INVENTION
' ~The vinylidene fluoride polymer used in the
15 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-
20 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
25 dibasit acid monoester, a vinylene carbonate, an
epoxy group—ébntaining vinyl monomer, etc., to obtain

a copolymer having a polar group, such as a carboxyl



-10-< €l ectrode material and the vinylidene fluoride polyner on the

el ectroconducti ve substrate. The present invention further provides an

el ectrode sheet suitable for use in a non-aqueous 5 electrolytic solution,
conprising: a powdery electrode naterial and a binder conprising a
vinylidene fluoride polynmer having an injwrent viscosity of above 2.0 dl/g
and at nost 20 dl/g. The present invention further provides a non- 10
‘aqueous-type battery, conprising: a positive electrode, a negative

el ectrode, and a non-aqueous el ectrolytic solution disposed between the
positive and geomdj V& earisdrnace sgrower e namtepergt gooep of simelapstdi ve and
negati ve el ectrodes conprises an 15 electrode structure as descri bed above.
These and ot hehosd| dtsclosedtin 8. ndPatienht NgesS o415 h858reseepti nventi on
wi || becone nore apparent upon a consideration of the follow ng description
of the preferfeR E®otRheFRRL griseesy by esEhtip naleei BRefareed| bo

BRAW NS, P U 4 ot ted coimersdesg Ffspr{de (pofmer obtainea By

3 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

10 polymer, such as an amino gfoup or a mercapto group,
-aﬁd a hydrolyzaﬁle 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

15 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

20 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.

25 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



25 view.of an enbodi nent of the electrode structure according to the
invention. Figure 3 is a partial sectional view schematically showi ng a
Fam nate structure of an electric double |ayer capacitor which can be
constituted according to the invention. Figure 4 is a partially expl oded
perspective 5 view of a non-aqueous-type_iggondary battery which can be
constituted according to the invention. Figure 5 is a graph show ng cycle
characteristics of coin-shaped lithiumbatteries including negative

el ectrodes forned by using 10 el ectrode-form ng conpositions according to

Exanpl es 8 ando#02 29d- CosDA1 2§] VioF& 2pPEEefabi T Ahl EReDESRGEPSIECON @F THE
| NVENTI ON The vinylidene fluoride polynmer used in the 15 present invention

may include viaylodeng@lyguori de honopol yner, vinylidene fluoride copol yner
and nodified products of these. Vinylidene fluoride honopol yner is
preferred in view of reWithaaceinplidene- fifjueridecpelimelryhaving & on,
particularly anti- 20 swelling property. However, the honopolyner is liable
. inherent viscosity up to'2.0 dl/g, it is difficult to
5 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
10 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
15 wvinyliderie fluoride or copolymerization of vinylidene
fluoride with a comonomer copolymerizable therewith.
The polymerization or copolymerization may be
performed by suébension polymerization, emulsion

polymerization, solution polymerization, etc.

“

20_ : ' In order to allow easf post treatment,
however, it is preferred to perform squension
polymérization or emulsion polymerization in an
aqueous medium, particularly aqueous sﬁspension
polymerization.

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

suspension aid, such as methyl cellulose,



to exhibit a sonewhat | ow adhesion onto an el ectroconductive substrate,
e.g., netal, so that it is preferred to use a copolyner of vinylidene
fluoride with another nononer, particularly an unsaturated 25 di basic acid
nonoester, a vinylene carbonate, an epoxy group-containing vinyl nononer,
etc., to obtain a copolyner having a polLag_group, such as a carboxyl

-12- group, a carbonate group or an epoxy group (simlar to those discl osed
in US. Patent No. 5,415,958 except for the inherent viscosity). It is also
preferred to use a nodified vinylidene fluoride polynmer obtained by 5
treati ng suchmethorylatiedeméthypli delhadopel ypropoxiddzeldy mathyl-a sol vent
capabl e of dissolving or swelling such a vinylidene fluoride polyner with a
si |l ane coupliqglagbnseorhrdrenxeéhwéuseﬂAglagenthm@nqmyn;ogwdup reactive
with the vinylidene fluoride 10- such_as an_am no group or a

mer capt o grouﬁeleHOEehyHPbYYiaﬁ eaéFeﬂﬁlvnPééﬂﬁﬁﬁﬁﬂﬁ@# EXife & to t hose

di scl osed in JP: 3025 except . for the.l ren I scosity). In order to
retain a. good¥ ﬁﬁ?FlnsﬁBIF|ﬁ§°P8§F§PHn9 ggﬁgﬁ é b H%a Feous el ectrol ytic

5 preferably 0.01 - 0.4 wt. %, based on the water.

It is possible to use a po}ymerization
initiafor,.such as diisopropyl peroxydicarbonate,
~dinormalpropyl peréxydicarbonate, dinormalheptaflubro—
propyl peroxydicarbonéte, isobutyryl peroxide,

10 di(chlorofluoroacyl) peroxide, or di(perfluoroacyl)

”peroxidé. 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

15 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

20 an amount of 0.1 - 5 wt. % of the total monomer amourit
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

25 the amount of a chain transfer agent to at most 0.5
wt. %.

As described above, the vinylidene fluoride



15 solution as a whole, however, the vinylidene fluoride polynmer my
preferably retain at least 90 nol. % particularly at least 95 nol. % of
wuntreated vinylidene fluoride units. To the above-nentioned vinylidene
fluoride 20 polymer, it is possible to adm x an organic acid, such as
acrylic acid, maleic acid or fumaric acigg-or a | ow nol ecul ar wei ght
conpound or polynmer having a good mscibility wwth the vinylidene fluoride
pol ymer, such as an acrylic polyner. 25 The vinylidene fluoride
pol ymer used in the present invention has an inherent viscosity of above
2.0 dl /g and polymer Ravihgganpimc¢readdd imheéhentawiscositg3(and 2.5 - 15
dl /g, nore preferably in the range of 3.0 - 10.0 dl/g. Wth a vinylidene
fluori de pol yaeeondingly aani hnereasedi pebyneyigptionodegueey, may be
difficult to 5 obtain the effect of the present invention. On the other
hand, a vi nyl PEedeced BFiReipdli¥ePY ENPPECESINGhERRNRMOPRELRF(S in excess
of 20 dl/g, causes got OP|¥ a-diLficHIt¥ I n_di ssolution hhereof Ln a
sol vent . chain transfer agent and by superpressing the amoun
5 of a polymerization initiator which per se may be
within known technigques for production of vinylidene
fluoride polymers.
The organic solvent used for dissolving the
vinylidene fluoride polymer to provide the binder
10 solution according to the present invention may
preferably be a polar one, examples of which may
include: N—methyl-z—pyrrolidone, dimethylformamide,
N,N-dimethylacetamide, N,N-dimethylsulfoxide,
hexamethylphosphamide, dioxane, tetrahydrofuran,
15 tetramethylurea, 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-containing organic solvent
20 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.
25 For obtaining the binder solution according
to the present invention, it is preferred to dissolve

0.1 - 10 wt. parts, particularly 1 - 5 wt. parts, of



but also a difficulty in suppressing the gelation of a 10 resultant binder
solution, thus being liable to fail in application of an el ectrode-form ng
conposition obtained therefrom The vinylidene fluoride polyner used in the
present invention nay be prepared by polynerization of 15 vinylidene
fluoride or copolymnerization of vinylidepg-fluoride with a conononer

copol yneri zabl e therewith. The pol ynerizati on or copol yneri zati on may be
performed by suspension polynerization, erulsion polynerization, solution
pol yneri zation, etc. 20 _ In order to allow easy post treatnent,
however, it itherabeveedentipredovinglidenei bhupolideepolgmeoninr 160ul si on
pol ymerization in an aqueous nedium particularly aqueous suspension

pol ymeri zat i owt.2Barts of suchpapyerganigefoivenpel yBelpwadi dnwlsi ng wat er
as a dispersion nmedium it is possible to use a_suspension aid, such as

net hyl cel | ul Bagt, the) ROlypeR QGFruPtes EPRyFmadl| & BEePOoptipBxifi zed

et hyl C?"”'Qﬁg’sQ¥9E9§X?t@Mﬁs?ﬁéiﬂ&offabfédigx¥gifp¥5 exhibiting
| 5 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

10 the electrode—forming composition becomes diffiCulf
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.

15 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

20 °c, further preferably 50 - 120 °C. Below 30 °C, the
dissolution requires a long time and a uniform
dissolution.becomes difficult. n

An'electrode-forming composition may be
obtained by adding and dispersing a powdery electfode

25 material (an active substance for a battery or an
electric double layer capacitor, and optional

additives, such as an electroconductivity-imparting



cel l.ul ose, polyvinyl alcohol, polyethylene oxide or gelatin in a proportion -
of 0.005 - 1.0wm. % 5 preferably 0.01 - 0.4 wt. % based on the water. It
is possible to use a polymerization initiator, such as diisopropyl

per oxydi car bonat e, di normal propyl peroxydi carbonate, dinormal heptafl uoro-
propyl peroxydicarbonate, isobutyryl pergwyide, 10 di (chl orofl uoroacyl)

per oxi de, or di (perfluoroacyl) peroxide. Such a polynerization initiator
"may be used in a proportion of 0.1 - 5 w. % preferably 0.5 - 2 w. % of
the total nonomer anount. It is also possible to add a chain transfer 15
agent, such aaddihyiwedcénsbetheethus-abthined sdaydidenst fimolride pr opanol ,
acet al dehyde, propyl al dehyde,. et hyl propionate, or carbon tetrachloride, so
as to control pohgmes bipderaspdntdeygr according tes theamrese®¥ yner. Such a
chain transfer agent nmay be used in 20 an anobunt of 0.1 - 5 w. %of the
total rnonomer 1BNBBK{EOPN a conventional vinylidene fluoride polynerization

P gher pol yrreri zati on ABGEBE FRER BT SATBIAROMPEHIE T TEaroAs rad to
o oS 2B BT AR AL e MR Bl - %0 S
' comprise a composite metal chalcogenide 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
10 sS. 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-
15 structured LiMn,04.

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

20 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

25 Dbe 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



- 15- «pol ymer having an increased inherent viscosity (and accordingly an

i ncreased pol ynmeri zati on degree) may be produced principally by suppressing
the amount of a chain transfer agent and by superpressing the amount 5 of a
pol ynmeri zation initiator which per se nmay be within known techni ques for
production of vinylidene fluoride polynmeng- The organic solvent used for

di ssolving the vinylidene fluoride polynmer to provide the binder 10
solution according to the present invention may preferably be a pol ar one,
exanpl es of which may include: N-nethyl-2-pyrrolidone, dinethylfornan de,

N, N- di et hyl ap&egende InNeRtdonet PRirddichdardy, imexase lof pimisgham de,

di oxane, tetrahydrofuran, 15 tetranmethylurea, triethyl phosphate, and
trimethyl pho§§%&?@.Sﬂgsﬁﬁécﬁhnﬁppaeﬁé ﬁﬂ@@phde%&ﬂﬁ?ﬂg'aﬁﬁmﬁhklthe Present
i nvention has ch larger pql ymerization _degree than a conventional one,
it is furt heregﬁgfggppéﬁﬁguﬁgéétm'tr Ples Fheneefompshiincdmdesnt 20

B b 98h e bRRL b InR LR 18! Bulh Ma Rl Phor b3, eI ee
5 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-

10 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

15_ 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.

20 The electrode-forming composition according :
to the present invention may preferably be formed b§
mixing 100 wt. parts of the powdery elec%rode material
with the binder solution containing 0.1 - 50 wt. .
parts, particularly 1 - 20 wt. parts of the vinylidene

25 fluoride polymer. The mixing may preferably be
performed also at an elevated temperature similarly as

that for the above-mentioned binder solution



di net hyl acet am de anong the above-nenti oned organi c solvents. These
solvents may be used singly or in mxture of two or nore species. 25

For obtaining the binder solution according to the present invention,

organic

it is

preferred to dissolve 0.1 - 10 wt. parts, particularly 1 - 5 w. parts, of
t he above-nentioned vinylidene fluegpde polynmer in 100 wt. part
such an organic solvent. Below 0.1 w. part, the polyner occupies to
a proportion in the solution, thus being liable to fail in exhibitin
per f or mance of binding the pomdery electrode material. Above 10 w.

because of a Boghapdbpiedieati 3A dedPBe®6i mhwevpmefedehdyf 50ori d@0pol ymer,

-16-

t he sol ution
only the prepaFatP@naﬁft?OPFﬁgeEFeEPPoEélﬁﬁiﬁPnchGHﬁOXFP

s liable to have an abnormally high V|sc03|téﬁd§o t hat
B8€&ones

difficult but also the sugﬁre33|on of gelation of the electrode- for

conposi tion b&éBRELAE; PPL
appl i cation thereof on%geagaelectroconngﬁgvgﬁéaglgrate I n extreme cases.
: n
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thus being liable to fail in uniform

| n order
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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

s of

o snal |
g5its
parts,

not

m ng



pol ymer bi nder solution according to the present invention, it is preferred
‘'to dissolve the vinylidene fluoride polyner in an organic solvent at an

el evated tenperature of 30 - 200 [err]C, nore preferably 40 - 130 20
[err]C, further preferably 50 - 120 [err]C. Below 30 [err]C, the

di ssolution requires a long tinme and a uppform di ssol uti on becones
difficult. An el ectrode-form ng conposition may be obtained by addi ng and
“dispersing a powdery electrode 25 material (an active substance for a
battery or an electric double |ayer capacitor, and optional additives, such
as an el ect r otooduBigurey2ibyaoncagforming- aaddnposiiei electinode

t hus- obt ai ned vinylidene fluoride polyner_binder solution according to the
.present invenlaper 12 asecshewn R FighTag2a0Bo3Nt PlECErEEPRUELEVEOr o
lithiumion battery, the active substance ma cggg;kse a conposite netal

.chal cogeni de $@RFEEaER Yl HYT 2B AEPLETREY ERRSE avipdepePRtPIenot es
o S ore PRl Ak e REL R PoR SHE 0518, Yo' Buolltng® 2 V:
. 5 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
10 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

15 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

20 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

25 shown in Figure 3 may constitute a battery or an

electric double layer capacitor.

Further, the electrode structure according to



10 S. Anong these, it is preferred to use a lithium based conposite netal
oxi de represented by a general fornmula of LiMJerr], wherein Mis the sane
as above. Preferred exanpl.es thereof may include: LiCoJerr], LiNderr],
LiNi[err]Co[err](Jerr] (0 < x < 1), and spinel- 15 structured :
Li Maiferr]err]. In the case of form ng-21+hegative electrode for a-lithiu
battery, the active substance may preferably conprise a carbonaceous
material, such as graphite, activated carbon or a carbonaceous material 20
obt ai-ned by carboni zati on of phenolic resin, pitch, etc. The carbonaceous
mat eri al may thefpresent pnvertion, tbreferapby parthel Eermaofnanan aver age
dianeter of ca. 0.5 - 100 pm An electroconductivit¥-inparting additive may
.25 be added ilestredes shHrghare hk0 Ohigrre i) yhavying, eempeahteconposite

electiote | o LOLIRS Bl dlP RSaaR Yol Sl s eChhglBe O,
et oo Re £ AT BFREFEhpeHE4 B i erectroae
5 of a non-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

10 . 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

15 separator 3 @isposed 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

20 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

25 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



carbenaceous materials, such as carbon black, graphite 5 fine powder and
fiber, and fine powder and fiber of netals, such as nickel and alum num In
tthe case of using a carbonaceous material having a |arge

el ectroconductivity as an electrode material, it is unnecessary to add such
an el ectroconductivity- 10 inparting addpbive. The active substance for an
el ectric double layer capacitor may preferably conprise fine particles or
fi-ber, such as activated carbon, activated carbon fiber, silica or alumna
particles, having an average 15 particle (or fiber) dianmeter of 0.5 - 100
pm and a speccbnstituting arpasbtit@0eledbDOdePltgrminal, 8havi ng- a
relatively small particle (or fiber) diameter and a relatively |arge

speci fic surfeatectréeativpaennected taotheopositive eliestandes for
batteries. 20 The el ectrode-form ng conposition according to the
present invenfpBhhany phefePReryost rimnkh of khei Agsing Bt isparts of the

powdery el ectrogde terial Wwih the binder solution containing 0.1 - 50 wt.
parts, particﬁFé?nglggwiﬁdehepﬁ??%ro?i@ﬁetQiﬁ?FWdéﬁe3251FP&8ride pol yner .

e T X 05Ty B SR Yo R BB L8 IR B PR e e SRV RL R ferer v e
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
10 12) may be formed in the above-described manner, i.e.,
by forming a layef of a cbmposite electrode méterial |
comprising a powdery electrode material (a fine
_powdery or fibrous active substance, and optionally
added electroconductivity-imparting additive, such as
15 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
20 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
25 of the organic solvent for such an electrolyte may
include: propylene carbonate, ethylene carbonate, 1,2-

dimethoxyethane, 1,2-diethoxyethane, dimethyl



-19; formation, i.e., 30 - 200 [err]C, nore preferably 50 - 120 [err]C, so
as to prevent the gelation of the vinylidene fluoride polyner. The

t hus- prepared el ectrode-form ng 5 conposition nay be used for formng

el ectrode structures having partial sectional structures as shown in Figure
1 and Figure 2. Mre specifically, the.glzectrode-form ng conposition may be
applied onto both surfaces (Figure 1) .or one surface (Figure 2) of 10 an

el ectroconductive substrate 11 conprising a foil or wire net of a netal,
such.as iron, stainless steel, steel, copper, alum num nickel or titanium
and havi ng acairbokates diietbyd. carbonate,pmetinyls ethi¥l warbomatesnal | - si zed
device, and dried at, e.g., 50 - 170 [err]C to 15 forma conposite

el ectrode | afebutyzelactione:, methyfl propionate., eibhylpmuapidmatiehess for a
smal | -si zed device, thereby providing an el ectrode structure (10 or 20). In
“this instanc@ndt RéXENTEsr §dc ThESRI nGULAPEY! BT6h ey SFhaSTING, be

conti nual Ly hel 4 2t 15, $eCBRNGAT N AT ABGA! Sk B B i, 0L
of'30 - 200 h%%%kgbeﬁa% ' W Anbbditent 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

10 paper or sheet.

[Examples]

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

15 _ 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.

20 [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

25 to calculate an inherent viscosity {; (dl/g) according

to the following equation&

75 = (1/C)-1n(1/1y),



170;[err]C, followed by the drying, to forma uniform conposite el ectrode
"layer while effectively preventing 25 the gelation of the vinylidene
fluoride polyner. Alternatively, it is also possible to form an el ectrode
structure simlar to the one shown in Figure -20- 1 or Figure 2 by once
formng a conposite el ectrode |ayer 12 _gg.shown in Figure 2 on an

el ectroconducti ve substrate 11 or an arbitrary substrate having a better
"releasability by application and drying, then peeling 5 only the conposite
el ectrode | ayer 12 apart fromthe substrate to obtain an el ectrode sheet,
and then appmiergpinhd dercitesda stessturest orizcos iy ral andodiymer subst r at e
11 with an el ectroconductive adhesive by a manufacturer of an

_el ectrocheni calludance, Tgsuch viscosithaft ol verie NfNrs- f or med el ectrode
structure 10 or 20 may preferably be used as an el ectrode for a battery or

“an el ectric dmethy sy dRd fherkigenaentrafion iof tthe state of being

di pped in a non-aqueous 36 el ectrolytic solution. For exanple, a |lam nate
structure as 9% 5 e & be forned by

5 [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

. 10 was cast onto a glass sheet aﬁd immediately dried for
3 hours in a thermostat vessel at 130 °C. 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
;5 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

20 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}

25. Propyvlene carbonate 52.7 wt. %

1,2-Dimethoxyethane ' 38.0 wt. %

LiCl04 (electrolyte) 9.3 wt. %



di sposing a pair of electrode structures 20 shown in Figure 2 so that their
conposite electrode |ayers 12 are di sposed on inner sides and opposite to
each 20 other, disposing a liquid perneable separator 13 so as to be
sandw ched between the conposite el ectrode |layers 12, and inpregnating the
conposite electrode layers 12 and the sepgtator 13 with a non-aqueous
electrolytic solution. Such a lamnate structure as 25 shown in Figure 3
"may constitute a battery or an electric double |ayer capacitor. Further,

t he electrode structure according to t he present invention, preferably
in the form dExampXkeéektrodes structure 10 (Figure 1) having conposite

el ectrode | ayers 12a and 12b on both sides, nmay be used as a positive

el ectrode or a negativ%neﬁe%t¥bﬁérﬁa%?°§;§8ﬁuaéggéug-?ﬁpéebaﬂiéﬁ9,

particularly a lithiumion battery, Figure 4 is partial |y expl oded
perspective WakeHs %ﬁfiQrﬁfwﬂﬁﬁk%%d%?glﬁ%??%ry4§Q 8n°£nﬁb§¥ﬁéﬁ?nﬁf a
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o 5 (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

10 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
15 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

20 slurry was de-watered, washed with water, de-watered :
and dried at 80 °C for 20 hours to obtain a powdery.
polymer. 1

The thus-obtained vinylidene fluoride polymer

showed an inherent viscosity of 3.1 (dl/g).
25 Example 3
Suspension polymerization was performed in

the same manner as in Examples 1 and 2 except that the



Mor es specifically, the secondary battery basically includes a | am nate
structure including a positive electrode 1, a negative electrode 2 and a 15
Separator 3 di sposed between the positive and negative el ectrodes 1 and 2
and conprising a fine porous filmof a polyneric material, such as

pol yet hyl ene or pol ypropyl ene, inpregnatgg-with an electrolytic solution.
The lam nate structure is wound in a vortex 20 shape to form an

el ectricity-generating el ement which is housed within a netal casing 5
having a bottom constituting a negative electrode termnal 5a. In the
secondary bat chaygedhamought ¢ cdiiscpropyl 2perosydicarbanbyec dAREIt ed t o
the negative el ectrode 25 termnal 5a, and the uppernost portion of the
battery is cowasi redugedytaiQpBsangandghBrepPobymagigater Wop @dBPe 7 covered
with a top plate 8 -having a pro%ection -22- cog tLtutigg % ositive

el ectrode terﬂ?ﬁETtﬁﬁaE?gcf?itﬁ | §3RB HRRReY t8 PREAIBsP PPWAErECt r ode.
Further, the u fernnst rimb5b of the casing 5 is crinped toward the inner
side to forn1ﬁﬁ %ﬂ?rrely 5 sealed cell structure enclosing the electricity-

5 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
10 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
15 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)
20 and 8 g of'ethyl acetate were charged and subjected to
suspension polymerization at 25 °cC. |
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
25 polymer.
The fhus—obtained vinylidene fluoride polymer

showed an inherént viscosity of 1.1.



generating element. The positive electrode 1 and the negative el ectrode 2
‘may have a structure of the electrode structure 10 or 20 shown in Figure 1
or 2. The conposite el ectrode |layer (12a, 12b or 10 12) may be formed in

t he above-descri bed manner, i.e., by formng a | ayer of a conposite

el ectrode material conprising a powdery-gyectrode material (a fine powdery
or fibrous active substance, and optionally added

“el ectroconductivity-inparting additive, such as 15 carbon) and a vi nylidene
fl uori de pol yner blnder applled onto an el ectroconductive substrate (11)
as descri bed G Exampl@oss el ectrol yte solution inpregnating the
separator 3 nay conprise a solutlon 20 of an electrolyte, such as a lithium
salt, in a non- aqueou%ns%I%eh%t?6T§%hP€1§B¢veh975 gx@fipfeionizede

gifgiifg%{grrY%# (T#dgr?Llp é}i fi@i;%éf]ﬁééegq%f $?¥Li52§e

L S CF d LiB 5.0f

sgfﬁeﬁﬁe;gl S ?P%## %é? %Téﬂ% hp{%ﬁ§§§ B§§?§¥3983%E8ﬂ3 angghylene
carbonate, 51, éyppj r@é@&%&#@@& a&a 259 568084 °£8286spLhaELRY !

polymerization at 25 Oc.

Ky
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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

10 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

15 wvinylidene fiudride polymers prepared in the above
Examples and Comparative Examples measured in the
above-described manner are inclusively shown in the

following Table 1.

20 | | B :

25



-23- -carbonate, diethyl carbonate, nethyl ethyl carbonate,

[err]-butyrol actone, nethyl propionate, ethyl propionate, and m xtures of
these, but they are not exhaustive. In the above, a cylindrical battery has
been 5 descri bed as an enbodi nent of the non-aqueous-type battery accordi ng
to the present invention. However, the ngg=aqueous-type battery according
to the present invention can basically have any other shapes, such as those
of a coin, a rectangul ar parallel epiped, or a 10 paper or sheet. [Exanpl es]
Her ei nbel ow, the present invention will be described nore specifically
based on Exanpl es and Conparative Ex&aplesl 15 The i nherent
viscosity, crystallinity and swellability of vinylidene fluoride polyners
obt ai ned V\ere__ng:.\cnrnd inthe following nmanners and these values referred

to herein are sed n,  val ues neasured in the follomnng manners. 20
E ﬁghﬁ eat

| nh TR 20 m of
k &-Srﬁgthyifg ﬂan?de Eg%;ggscogF% %SERfﬂé%gésuF ?gg gﬂé%ﬁk soluﬁlon

Pn a t hernpsta

was neasured by an Ubbel onet e essel at 30 [err]C

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



25 toe calculate an inherent viscosity [err] (dl/g) according to the

foll owi ng equation: [err] -24- wherein [err] denotes a neasured

viscosity of a polyner solution; [err], a viscosity of solvent N, N

di met hyl formam de; and C, a concentration of the solution (= 0.4 g/dl

[Crystallinity] A sanple polyner SO|UtiOQ2?Q N- net hyl - 2- pyrrolidone
0

concentration of 2 w. % for Exanples and

). 5
(at a

wt. % of Conparative Exanpl es,

respectively appearing hereinafter) heated at 50 [err]C 10 was cast onto a
gl ass:sheet and imedi ately dried for 3 hours in a thernostat vessel
[err]C. The cagpoliie arbefbedoaldmhtera@! He TS MRsiAbdEN
dried at 120 [err] C under a reduced pressure to prepare a ca.
[err]mthick.folfmioTwe.f &l.m was 15 subjected to X-ray diffractonmetry to

further

measure a crystallinity.

mm

10

15

20

25

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

at 130

100

[Swellability] A cast filmin a size of 17 mmx 35



prepared in the above-descri bed manner for the 20 crystallinity measurenent
was di pped for 6 days at 70 [err]C in an electrolytic solution having the
fol |l owi ng conposition, and.the percentage wei ght increase of the dipped
filmwas neasured as a swellability. (Electrolytic solution} 25
Propyl ene carbonate -3 7 W. %1, 2-Di net hoxyet hane
3.0 wt. LidJerr] (electrolyte) 9.3 wt. % - 25-
Exanple 1 In a 2 liter-autoclave, 1075 g of deionized water, 0.4 g of
met hyl cellul ose, 420 g of vinylidene fluoride and 2.8 g of diisopropyl
per oxydi car bodawk .5 .l PP) were charged and subjected to suspensi.on
polyneri zation at 25 [err]C. After the polynerization, the polynerizate
slurry was de-wat er ed, Thes led@ctinodendicaming: -composidionl was eaabpitiedD [err] C
for 20 hours to obtain a powdery 10 pol ynmer. The thus-obtained vinylidene
fluoride poly®Rar asﬁéwé@ra%liaﬁﬁepaﬁo wmec sunfpcs of m (Zf) /mp~thick
copper foil and dried under heating in the same manner
5 as in Example 5 to prepare a totally 185 pm-thick

electrode structure.
Example 8 |
0.12 g of the vinylidene fluoride polymer
(li = 5.1) prepared in Example 3 was dissolved in NMP
10 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
15 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
20 0.12 g of the vinylidene fluoride polymer :
(Zi = 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.
25 “%.
The electrode-forming composition was applied

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



Exanple 2 In a 2 |liter-autoclave, 1075 g of deionized 15 water, 0.4 g of

met hyl cellul ose, 420 g of vinylidene fluoride and 1.9 g of diisopropyl

per oxydi carbonate (1PP) were charged and subjected to suspension

pol ymerization at 25 [err]C. After the polymerization, the polynerizate 20
slurry was de-watered, washed with water.3gfe-watered and dried at 80 [err]C
for .20 hours to obtain a powdery pol yner. The thus-obtained vinylidene
fluoride polymer showed an inherent viscosity of 3.1 (dl/qg). 25 Example 3
Suspensi on pol ymeri zation was perfornmed in the same manner as in Exanples 1
and 2 except tdeppamhefoil -@fd dhiedathdemwundatingli isothieopyame manner -
per oxydi carbonate (I PP) was reduced to 0.8 g, and the polynerlzate was al so
post -treat ed i3f tie Exarplarhdro tRrenare m stepoabity y10| ymethi Gk The

vi nyl i dene fluaride polynmer showed an i nherent viscosity of 5.1
y electroeie ys1:ructure.

Example 10 (Carboxyl group-containing vinylidene
5 fluoride polymer)

In a 2 liter-autoclave, 1040 g of.deionizéd
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

10 fluoride/monomethyl maleate (mol ratio) = 100/1.01)
were charged and subjected'to.suspension .
polymerization at 28 °c.
| After the polymerization, the polymerizate
slurry was de-watered, washed with water, de-watered

15 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

20 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

25 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



Exanpl e 4 Suspension polynerization was perforned in the sane manner as in
Exanples 1 and 2 except that the 10 charged ampunt of diisopropyl
peroxydi carbonate (I1PP) was reduced to 0.2 g, and the polynerizate was al so
post-treated in the same manner to obtain a powdery polymer. The vinylidene
-fluoride polymer showed an 15 inherent wuigpcosity of 8.8. Conparative
Exanple 1 In a 2 |iter-autoclave, 1040 g of deionized water, 0.4 g of
met hyl cel |l ul ose, 400 g of vinylidene fluoride, 2 g of di-n-propyl
per oxydi carbonate (NPP) 20 and 8 g of ethyl acetate were charged and
subj ected to edeptmoden spalaghomriezati on at 25 [err] C. After the
pol ynmeri zation, the polynerizate slurry was de-watered, washed with water,
de-wat er ed an&§ompazativeaBSxpmpdeC3f or 20 hours to obtain a powdery 25
pol ymer .. The thus- obtaln%d V|nyI|dene fl uoride polymer showed an i nherent
viscosity of 1.1, the vinylidene fluoride polymer (%;
= 1.1) prepared in Comparative Example 1 was dissolved
5 (at a concentration of 10 wt. %) in NMP and blended
with the powdery 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
10 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
15 ©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
20. having a polymer fraction of 4 wt. %. :
The electrode-forming composition was applied
by a doctor blade onto one surface of a éO pm-thick
copper foil and dried under heating in the same manner
as in Example 5 to prepare a totally 175 um-thick
25 eleéctrode structure.
Comparative Example 5

0.3 g of the vinylidene fluoride polymer



Conparative Exanple 2 In a 2 |liter-autoclave, 1075 g of deionized water,
‘0.4 g of nmethyl cellulose, 420 g of vinylidene fluoride and 2.5 g of
di - n-propyl peroxydi carbonate 5 (NPP) were charged and subjected to
suspensi on polynerization at 25 [err]C. After the polynerization, the
polynerizate slurry was de-watered, washgd-with water, de-watered and dried
at 80 [err]C for 20 hours to obtain a powdery 10 polyner. The thus-obtained
vi nyl i dene fluoride polynmer showed an i nherent viscosity of 1.6. The val ues
of inherent viscosity, filmcrystallinity and filmswellability for each of
the 15 vinyli (@pe=fLub)i deeparedein Gomparatiive Ekempdev@ Wasnpl es and
Conpar ative Exanpl es measured in the above-described manner are inclusively
shown in the Absselwved (abla ¢ongenpgationpef tQpwE.1%) in NMP and
' blended with the powdery carbonaceous material
similarly as in Example 5 to prepare an electrode-
8 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
10 - 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
15 (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
20 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
25 ' 0.15 g of vinylidene fluoride polymer (7i =
5.1) prepared in Example 3 was blended with 2.85 g of

activated carbon powder (average particle size = 5 unm,



Exampl e | nher ent Film Fi I m No. _ vi scosity

crystallinity swellability [err](dl/Q) (% (%9 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 -34- 20.6 2 1.6 48. 9

18.2 Exanple 5 0.30 g of the vinylidene fluoride polyner [err] = 2.5)
prepared in Exanple 1 was uniformy dissolved in 14.7 g of the _ _

N-net hyl pyrrolidone (NMP) at 60 [err]C to prepare a binder solution, into
which 2.7 g ospecpbidesyrfacdoareaons208tmfyg) ahdpilOch gr ofi NMRatong an
‘average particle size of ca. 20 [err]mand a specific surface area of ca. 3
nerr]/g was £eRRERMRLeAEroietiommiea compasibipseliaping Aomoyrmerer to
forma pasty el ectrode-form ng conposition. The el ectrode-formng

conposi tion hEFRGtHIMyRESf¥hctPon TRErePHPOSLEios wagnarrhirdhenger cent age

of 3 Polymer A in JSPREE ot % 05 L8 Bhs &' S0bol BOS1PRhYAL3]C & Poudery
5 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 =
10 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

15 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-

20 0.30 g of vinylidene fluoride polymer (75 = *
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

25 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



-29-, (powdery car bonaceous material in this conposition)) of 10 wt. % The
el ectrode-form ng conposition was applied by a doctor bl ade onto one
surface of a 20 pmthick 5 copper foil warmed at ca. 50 [err]C and dried
under heating at 130 [err]C for 15 min. to forma totally 180 pmthick

el ectrode structure. Exanple 6 0.12 g of the vinylidene fluoride polyner 10
([err] = 2.5) prepared in Exanple 1 was ufifTormy dissolved in 5.9 g of NW
‘at 60 [err]Cto forma binder solution, into which 2.9 g of the powdery
carbonaceous material was added and uniformy dispersed at 60 [err]C by a

honogeni zer i n {A@139 "2 IPWELMATH Rl BIdR Stridtuld SiEY Gt Pasty
el ectrode-form ng conposition having a polyner. fraction of 4 wt. % The

el ectrode- f or Mgl@&ctGIROFduble IaSred dEitom doctor bl ade onto one
surface of a 20 pmthick copper foil warnmed at ca. 50 [err]C and dried

under 20 heat i[B} ectrdodenevadlauation iEstdm t hi ck el ectrode structure.
Exanpl e: 7
The electrode structures suitable for use in
5 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
10 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.
15 (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/cm?, and the active substance retention
power was evaluated by the degree of the attachment of
20 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)
25 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



0.12, g of the vinylidene fluoride polynmer ([err] = 3.1) prepared in Exanple
2 was dissolved in 25 NW and blended with the powdery carbonaceous
raterial simlarly as in Exanple 6 to prepare an el ectrode- formng
conposition having a polyner fraction of -30- 4 wt. % The
el ectrode-form ng conposition was applied3gy a doctor blade onto one
surface of a 20 pmthick copper foil and dried under heating in the sane
manner 5 as in Exanple 5 to prepare a totally 185 pmthick el ectrode
structure. Exanple 8 0.12 g of the vinylidene fluoride polynmer ([err] =
5.1) prepared edgexsnpfece afsthescompogite Riectrodendayleah®@$ with t he
‘powdery carbonaceous material simlarly as in Exanple 6 to prepare an
el ectrode- forﬁVﬁ6u§§ﬁﬁo§FFP€ﬁlﬁ9vFﬁgtgepgp9ﬁewlpﬂaéﬁﬁ9ﬁ- <4 wt. The
el ectrode-form ng conposition mgi %gglLed 1 a doctor, bl ade gnto one
surface of a 20 pnPfhi cNocBppéiatopreling rle gomposiite, glectuade; ane
manner as in Eiangle tg prepare a totally 170 pmthick '

ayer at all. -

5 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

10 following Table 2.

15

25



el ectrode structure. Exanple 9 20
fluoride polynmer ([err]
and bl ended with the powdery carbonaceous nateri al

0.12 g of the vinylidene

= 8.8) prepared in Exanple 4 was di ssolved in NW
simlarly as in Exanple

6 to prepare an el ectrode- form ng conposition having a polyner fraction of

4 w. 25 %
onto one surface of a 20 pmthick -31- copper foil and dried under
heating in the sanme manner as in Exanple 5 to prepare a totally 180
[err]mthick electrode structure. Exanple 10 (Carboxyl group-containing
vinylidene 5 fluoride polyner) In a 2ableeR- autocl ave,
water, 0.8 g of nethyl cellulose, 2 g of diisopropyl peroxydi carbonate

(IPP), 396 g ofvinylidene fluoride and 4 g of nono
vinylidene 10 fl uori de/ nonethil mal eate (ol ratig) = 100/1.01) were
charged and suﬁ?@E%ﬁd t isusp%ﬂ y@ﬁr Electrode Electrode evaluation
: raction fillerx :
(dl/g) (wt.%) Retention Cut edge
. power state
5
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
10 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 A
Comp.
Ex. 3 1.1 10 PO A A
15 '
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 C
8 1.6 i0 AC C o
20 ' 2
*Filler of the composite electrode layer .
PO: Powdery carbonaceous matefial of pitch
origin.
AC: Activated carbon powder.

25

The el ectrode-form ng conposyybon was applied by a doctor bl ade

1040 g of deioni zed

g a



polyneri zation at 28 [err]C. After the polynerization, the polynerizate
slurry was de-watered, washed with water, de-watered 15 and dried at 80
[err]C for 20 hours to obtain a powdery pol yner. The thus-obtained

vi nyl i dene fluoride copol yner showed an inherent viscosity of 2.9. 0.12 g
of the copol yner was di ssolved in NMW 20-3ghd bl ended wth the powdery
carbonaceous material simlarly as in Exanple 6 to prepare an el ectrode-
form ng conposition having a polynmer fraction of 4 wt. The

el ectrode-form ng conposition was applied 25 by a doctor bl ade onto one
surface of a JdBattery ckvelprerfoymangel te$sell under heating in the sane
manner as in Exanple 5 to prepare_a totally 180 pmthick -32- el ectrode
structure. Conparative B3Q&HTAS- foomingfcomrogihipngchavingothee pol yner

(Ler) 7h ) Babalah g paperst e Sl e & vesaduzsolyeds (12
nateriallsiMIégAa%fgiiJh Example 4 were respectively used for
5 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-

10 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-

15 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.

20 parts of LiC002 (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.

25 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.



Exanpl e 5 to prepare an el ectrode-form ng conposition having a pol ymer
fraction of 10 wt. % The el ectrode-formi ng conposition was applied 10 by a
doctor bl ade onto one surface of a 20 pmthick copper foil and dried under
heating in the same nmanner as in Exanple 5 to prepare a totally 180
pmthick el ectrode structure. Conparativedgxanple 4 15 0.12 g of
the vinylidene fluoride polymer ([err] = 1.1) prepared in Conparative
Exanpl e 1 was dissolved (at a concentration of 10 wt. % in NVP and bl ended
with the powdery carbonaceous material sinmlarly as in Exanple 6 to prepare

an el ectrode- f etaing esempaseli mest0 dIFRY iti0 foid|d/ Bus Tt HFd | Mo rdadt - %
The el ectrode-formng conposition was applied by a doctor blade onto one
surface of a 2bawrmnghiacicacolPor pineithiskd cmipedsitied &l detatody 1dydhe same

manner as in Exanple 5 to prepare a totally 175 pmthick 25 el ectrode
structure. Conparative Ehenmphus5fored gositdive eldeciomeid lwas i de pol yner
-33- commonly used for preparation of the respective - '

5 Dbatteries (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

10 and diethyl carbonate. A 25 pm-thick separatoi 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

15 Dbatteries (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

20 Dbattery at each cycle. The diécharge capacity was.z
expressed as a value (mAh/g) per unit Veight of
negative electrode active substance obtéined by
dividing the discharged electricity (mAh) of the
battery by the weight of the powdery carbonaceous

25 material (negative electrode active substance) in the

negative electrode.

The results of the cycle performance test are



([erx] = 1.6) prepared in Conparative Exanple 2 was dissolved (at a
concentration of 10 wt. 9% in NMP and bl ended with the powdery carbonaceous
material simlarly as in Exanple 5 to prepare an electrode- 5 formng
conposition having a polyner fraction of 10 wt. % The el ectrode-form ng
conposi tion was applied by a doctor bl adgganto one surface of a 20 pmthick
copper foil and dried under heating in the sanme manner 10 as in Exanple 5
to prepare a totally 185 pmthick el ectrode structure. Conparative Exanple
6 0.12 g of the vinylidene fluoride polyner ([err] = 1.6) prepared in
Conpar ati ve Eshopheifi RagudesSoanddthé ipherentowndecbsityoeiof 4 wt. % in
NVP and bl ended with the powdery carbonaceous material simlarly as in
Exanpl e 6 to peipmes andcpedivmegefraching dvnpbei negatiaxei ng a pol ymer
fraction of 4 wt. %._The el ectrode-form ng conpaosition was applied 20 by a
doctor bl ade GﬁFSt6ﬁ§e§uPFaEEeoFe§PEthﬁﬁtHPEEeéaﬁﬁePrﬁo?PmEﬁilﬁﬁﬂed under

heating in the_s agple 5 to prepare a totally 180
pm t hi ck eIecPPoggESESEEPUFEQ Eigﬁélgpll 25 _ 0.15 g of vinylidene
fluoride pglymer ([er] =

Table 3

Negative electrode

Cell
Polymer Polymer Composition

' 7; (41/g) fraction (wt.%)
10

1 5.1 4 Ex. 8

2 2.9 4 Ex. 10

3 1.1 4 Comp.Ex. 4
15

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
20 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
25 fluoride polymer of a conventional level of molecular
weight exhibited a remarkabiy lowefing discharge

capacity at an increased number of charge-discharge



5.1).prepared in Exanple 3 was blended with 2.85 g of activated carbon
powder (average particle size =5 [err]m -34- specific surface area =
200 merr]/g) and 10.1 g of NWP to forman el ectrode-form ng conposition
having a polynmer fraction of 5 wt. % The conposition was applied onto one
surface of a 20 pmthick copper foil and4d- ed 5 under heating in the sane
manner as in Exanple 5 to prepare a totally 190 pmthick el ectrode
‘structure for an electric double |ayer capacitor. Conparative Exanple 7
0.30 g of vinylidene fluoride polyner ([err] = 10 1.1) prepared in
Conpar ati ve Exaegleg.1 was bl ended with 2.80 g of activated carbon powder
(the sane as in Exanple 11) an 6.50 of NMP to form an el ectrode- formng
conposition having a pdsyd@scriked @baye.1 @SRerding e thempraae™h was

under “heat| ng JFVeRtd CBami i e ZEOVIdEM AR £ F PR TURY ot al |y 220
Lerrlm i hi ok SRIARe INBA 152 Edd MY Sdibiorapact tor.
5 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
ib 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
15 -eiectrode-forming composition, an eiectrode structure
or electrode and a non-agueocus-type battery as a

representative of a non-aqueous-type electrochemical

device, respectively showing good performances.

25



20 - - 0. SOﬁg,oL—lpnyL+deﬁe~+%uor|de polymer ([err] = 1.6) prepared

i n Conparative Exanple bIe d with 2.70 g of activated carbon powder
(the sane as in Ex g of NWP to forn1an electrode- forn1ng
conposi tion having a |on of 10 25 W . fa=—Fre—conpesiiien as

applied onto one sur err] mig4y.ck coppé TmBISl—EEdkmeBEENI
heating in the sanme manner as in Exanple 5 to prepare a REPBXCED Ot al |
pmthick electrode structure for an electric doubl € '
[El ectrode evaluation test] The electrode structures suitable for use inb5
| ithium batteWHAT MSe[CLAIMEMN IBeanpl es .5 - 10 and Conparative Exanples 3 -
6 and the electrode structures for electric double |ayer capacitors
-prepared i n Exanpllss Al binfder splahinn fow of dmind can 7ele@trode e
respectively evaluated with respect the 10 states of the coating surface of
.the conposit e sslidabl Eampsge 4y & nOR—-agqRROus relREtEPLYHEC conposi t e

el ectrode | ayer after cutting in a length of ca, 10 mmof _the el ectrode
structure acr &adytion, comprlslng a solution of a vinylidene

5 fluoride polymer having an inherent viscosity 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

10 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

15 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

20 group—containing vinylidene fluoride polymer.

5. A binder solution according to any one of
Claims 1 - 4, held at aﬁ elevated temperature for
preventing gelation.
25
6. An electrode-forming composition, comprising

a mixture of a powdery electrode material with a

DO



t hi ckness. (Aet+ve—substance retenti on power) The surface of a sanpl e
a

conposite electro g{ ﬂg§Rg ked by a finger a , re of
¢a. 40 - 50 g/cn{gﬁ i as \ tive substance rjwenmngEEWWKsﬁééN E
e

eval uated by the d tachnment of 20 tﬁi coanSPiﬁcsﬁeCtr'
material onto the f att acka®nt onto tie
Slight attachnent onto the flnger C Remar kabl e attachnent onto t he
finger. (Edge surface state after cutting) 25 A sanpl e el ectrode
structure was cut by a cutter knife fromthe conposite el ectrode |ayer
surface to tHindgoselution ageprdingtte aany Cheimeitl - 436- edge surface
of the conposite electrode | ayer was eval uated according to the follomﬁng
standard. A No partial peeling of the conposite el ectrode |ayer at al

5 B: S f.th | d
Observed. C " gaggkg%s %eEﬁéﬁéﬁ%ﬁﬁﬁ%é@q$q§éé§b§§$§§£§ﬁ§r59xsrtgﬁs

Claim 6, held at an elevated temperature for

5 preventing gelation.

8. An electrode structure suitable for use in a
non-agqueous electrolytic solution, comprising: an
electroconductive substrate, and a composite electrode

10 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

15 dl/g.

9. A process for producing an electrode
structure, comprising:
forming an electrode—forming_composition

20 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,

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

an electroconductive substrate at an elevated

RO RS



could fall off._The results are inclusively show in the 10 follow ng Tabl e

2. 15 20 25

edge power
2.5

4

UI>0>o
foe

10

15

20

25

eval uati on fr acThisfieet H#SIBeeTReﬁi@fﬂ/ 9) (wt

A

A 1ll
AC

-37- Table 2 Sanple [err] Pol yner
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—-44- A 7 5 F 7
A A 10

A 10 2.9 4
AC A

A Conp.

2.5
A
PO

i

5.1 5

A 12
temperatuge, and _

evaporating the organic solvent to form a

composite electrode layer comprising the powdery

PO
9

PO

2.9

electrode material and the vinylidene fluoride polymer

on the electroconductive substrate.

10.

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

An electrode sheet suitable for use in a non-

positive and negative electrodes; wherein at least one

of the positive and negative electrodes comprises an

electrode structure according to Claim 8.

L



Ex. 3 1.1 10 PO A A 15 4 1.1 4
PO B B 5 1.6 10 PO A A6
.6 4 PO : B B 7 1.1 10

C cs 1.6 10 AC C [[rus scEce e er of
the conposite el ectrode layer PO Powderyssar bonacous 'egdAdcp of p.|tch
origin. AC. Activated carbon powder. 25 -38- [ Batt ey—cuskerSEEfDr nance

‘test] Electrode-formng conpositions having the sane conpositions as in
Exanpl e 8, Exanple 10 and Cbnparatlve Exanple 4 were respectively used for
5 preparation AB I (I EQBURIS - t ype secondary batteries (Cells 1,
2 and 3, respectlvely) and their cycle performances in repetition of

char ge-di scharge cycle ‘Mehinden| sekwkion for PRviging amretectrode

suitable for use in non-aqueous-type electrochemical

devices, such as a battery and an electric double

5 layer capacitor, is formed by dissolving a vinylidene
fluoride polymer having an inherént viscosity (and
thus é polymerization degfee) higher than a
conventional level in an organic solvent. An
electrode-forming combosition is formed by dispersing

10 powdery electrode material in the binder solution and
is applied onto an electroconductive substrate while
avoiding.the gelatidn of the polymer, followed by
drying) to form a cohposite electrode layer, which
retains the powdéry electrode material at a smaller

15 amount of vinylidene fluoride polymer than a
conventional level and is well resistant to a non-

aquebus electrolytic solution.

*

20

25

This Sheet Has Been Replaced
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Mor e, specifically, each pasty el ectrode- 10 form ng conposition was
uniformy applied onto an alum numfoil and dried. Then, the dried
conposite el ectrode | ayer was peeled apart fromthe alum numfoil and
stanped into a disk of 15 mmin dianeter. Then, the di sk-shaped copposite
el ectrode was press- 15 bonded onto a 17 nn}dia.’ ;

to forma negative el ectrode having a ca. 130 pm

| ayer. Separately, a positive el ectrode was prepa 2 '
conposition obtained by mxing 90 wt. 20 parts of LiCo(err] (actlve
substance), 7 wt. parts of carbon black (el ectf@®conductivity- |npart|ng
additive), 3 wt. parts of V|nyI|dene fluori ge ([err] = 1.3 dl/Q)
and 56 w. parts of NWP. Thelcoux i applied onto an
aluminumfoil and dried. 25 Then Lenld@yer was peel ed
apart fromthe alum num foi A dLé. di sk. The di sk
was press-bonded onto a 16 A-stekl nmesh disk to
forma positive el ectrode hCV| ng a ca. 100 [err]mth cklégnposi te electrode
| ayer.. :

7the drledrconpos

FI1G. |

FlG. 2

VOISO

XX XXX XXX XXXXX

A A‘A

FIG. S
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The ¢ hus-formed positive el ectrode was conmonly used for preparation of the
respective 5 batteries (cells) in conbination with the respective negative
el ectrodes prepared in the above-described manner. An el ectrolytic solution
was prepared by adding Li PF6 (electrolyte) at a ratefjor—=t
(by vol une) nmixture sol vent of ethylene carbonate 10§ Hi'§ SHEETHYAS BEEN
“carbonate. A 25 [err]mthick separator of porous po} pr opSFBHACERNDr a
was i npregnated with the electrolytic solution and sandw ched DetTweemn the
posi ti ve el ectrode and each negative electrode to formthree types of

non- aqueous-type lithiumsecondary 15 batteries (Cells 1 - 3). Each of the
thus-prepared |ithiumsecondary batteries (Cells 1 - 3) was subjected to
-repetition of a charge-discharge cycle at a constant current of 2.5 mA,

whil e neasuring the discharge capacity of the 20 battery at each cycle.
.The di scharge capacity was expressed as-a v?ge (mAh/g) per unit weight of
negative el ectrode active substance obt &i ne y di@ ding the discharged

electricity (mAh) of the battery by the | of st he powdery carbonaceous
25 material (negative el ectrode ] ; ; in tg% negative
el ectrode. The results of thgcy ,

T

2

I
eet Has Been Replaced

i



-40--shown in Figure 5 and the inherent viscosity of polynmer and pol yner
fraction in the negative el ectrodes of the respect| '
summari zed in the following Table 3. 5 Table 3 Negit T8 SHESTtHASIBESR !
Pol ymer - Pol ymer Conposition [err] ;{ldl / g)REPLAGEmCtI O
(wt.% 10 1 5.1 4 08 2 75
4 Ex. 10 3 1.1 4 Conp. Ex. 4 15 As
is clear fromFigure 5 the batteries (Cells 1 and 2) preggred by using the

|

el ectrrode- fprm ng ionp05|t|ons (Ekanmpl ésT8 and 1U) of T heypr esent
I nvention containing a high-nol ecuj ar mei&ht 20 Vi nyl i depe fluoride polyner
exhibited a stable discharde capacjly for ex hrge nunber ] of charge-
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.di scharge cycl es,

whereas the battery (Cel

3) prepared by using the

et'ectrode-form ng conposition (Conparative Exanple 4) containing a
vi nyl i dene 25 fluoride polynmer of a c

exhi bited a remarkably Iomer|no

of char ge- di scYRAWHEDENE I
pr-esent i nvent2bh ELEGTROGE

wall ARANCT| T &/

dlggh

venti onal

ge ca-aC|t] o
S e e O e accord
- &1 ect rode- forn1ng Vi ny
fluoride pol yner-based bi nder solutlon 5 capabl e of providing an el ectrode

Ievel of nDIecuIar wei g
at_an incrig

Wi

suitable for use in a non-aqueous el ectrolytic solution by dissolving in an

organi ¢ solvent a vinylidene fluoride polyner
degree whi CrABSTRACT OF (THE DISCLASEREvVent i onal

10 hold a powdery el ectrode nateri al _
agai nst a non- aqueousA ebieden| geletson utdDrprevidingl
ynmer than in a conventi onal

wel I

vinylidene fluoride pol

havi ng a pol yneri zation

| evel . The el ectrode can
and exhibit a good durability
anrebeotnedef

| evel .

Accordingly, by

usi ng the biskkable £05usein snopsageeeuUSTLYRE spheghrachemieal ode- f or ni ng

conposition,
P evices,

5 layer capacitor,

an el ectrode structure
such as a battery and an electric double

is formed by dissolving a vinylidéne

fluoride polymer having an inherent viscosity (and-

thus a polymerization degree)} higher than a

conventional level in an organic solvent.

An

electrode-forming composition is formed by dispersing

10 powdery electrode material in the binder solution and

is applied onto an electroconductive substrate while

avoiding the gelation of the polymer,

drying,

followed by

to form a composite electrode layer, which

retains the powdery electrode material at a smaller

15 amount of vinylidene fluoride polymer than a

conventional level and is well resistant to a non-

aqueous electrolytic solution.

Fig. 1
20

25
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or el'ectrode and a non-aqueous-type battery as a representative of a

non- agueous-t ype electrochenlgal devi ce, respectively show ng good
performances. 20 25 - 42 - WHAT TS CLAIMED I'S: 1. An el ectrode-form ng
conposj tion, conprising a solution of a vinylidene fluoride polyner having
an inherent viscosity of above 2.0 dl/} and at nost 20 dl/g in an organic
solvent, and a powdery el ectrode material dispersed in the solution. 2. An
el ect r ode- form ng conposition according to Claim1l. wherein said vinylidene
fluoride polynmer is a honopol yner of vinylidene fluoride. 3. An

el ectrode-formng conposition according to Claim3i, wherein said vinylidene

fluoride polyner is a copolyner of at |east nmol . % of vinylidene
fluoride and anot her nononmer or a nodified duct of honopol yner or
copol yner of vinylidene flporide. 4. An gl ectrodeysform ng conposition
according to Claim1, wherfein said vinylidene tluori ﬁzaolyner is a
car boxyl
7 77777777777\ |
iz
—
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.group-cont ai ni ng vinylidene fluoride polynmer. 5. An electrode-formng
conposition according to any one of Clains 1 - 4, fornmed by mxing the
powdery el ectrode naterial with the solution held at an el evated
tenperature. 6. An electrode-formng conposition according to Caimil,
wherein said powdery el ectrode material conprises a carbonaceous materi al
in the formof particles having an avejage dianeter of 0.5 - 100 pm 7. An
el ectrode-form ng conmposition according to Claiml, held at an el evated
tenperature for preventing gel ation. -43- 8. An el ectrode structure
suitable for use in a non- aqueous electrolytic solution, conprising: an
el ectroconductivc substrate, and a conposite el ectrode |ayer formed on at
| east one surface of the el ectroconductive substrate; said conposite

el ectrode | ayer conprising a powdery el ectrode nmaterial and a binder
conprising a vinylidene fluoride polynmer having an inherent viscosity of
above 2.0 dl/g and at nost 20 dl/g. 9. €§8rocess for produci ng an

el ectrode structure. conprising: 8

6 5b

2. |

This is the replacement sheet
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.form ng an el ectrode-form ng - -conposition conprising a m xture of a powdery
el ectrode- material with a binder solution fornmed by dissolving a vinylidene
fluoride polynmer having an i nherent viscosity of above 2.0 dl/g and at nost
20 dl/g in an organic solvent. applying the el ectrode-form ng conposition
at an’ el evated tenperature onto at | east one surface of an
el-ectroconducti ve substrate at an el evated tenperature, and evaporating the
organi ¢ solvent to forma conposite el®ctrode | ayer conprising the powdery
el ectrode material and the vinylidene fluoride polyneru§¥ t he

el ect rocoffduCTT Vg SUDSIT RTE. IO0J] AT elfectrode]sneet able for use in a
non- aque$us elecftrolyti ¢ solutijon, co brising a powgdery el ectrode
material @nd a bijnder copprisingfa vinyl ~egne fluoridg polyner having an
I nherent VYiscositly of abpve 2.0{dl/g and_atf no$t 20 dlj/g. 11. A
non- aqueoys=typebatteryl. conpriidi ng: _a pogitiye electir@e, a negative
el ectrode,| and a jnon-aqueous el gat+ol g i £ g0l ution di gposed between the
positive @nd negative el ectrodeg: eqpin gt | east ong of the positive and
negative ¢l ectrodes conpyises an |[eyectr oge |striyicture accprding to Claim8.
= = X 1o
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t enperature, and evaporating the organic ‘solvent to forma conposite

el ectrode | ayer conprising the powdery el ectrode material and the
vinyl i dene fluoride polymer 5 on the el ectroconductive substrate. 10. An
el ectrode sheet suitable for use in a non- aqueeds—ereetiol-yit+e—sol-tii-oen
conprising: a powdery electrode material and a blnag¥L%FﬁM$#§‘%%P%ﬁ%l) 8G

vinyl i dene fluoride polyner having an inher Eﬁ@fﬂ"? 1hf PaEBe g, 9. Pﬂg&ﬁ{l’
and at nost 20 dl/g. 11. A non-aqueous-type ba ﬁbthE® r | Bagsg: q%mpﬁ§$d g%
el ectrode, a negative el ectrode, and a non- 15 pecpametyt.ito raged...
sol uti on di sposed between the positive and negatﬁﬁ@ﬁ@mettroﬁﬁsa rgiged at.

| east one of the positive and negative el ectrodes conprises an eéfgl? de
structure according to Claim8. 20 25 DATE OF RECEIPT l (f)

WHAT TS CLAIMED IS:

1. An electrode-forming composition, comprising a
solution of a vinylidene fluoride polymer having an inherent
viscosity of above 2.0 d4dl/g and at mosL 20 dl/g in an
organic solvent, and a powdcry electrode material dispersed
in the solution.

2. - An electrode-forming compousition according to Claim
— .1, wherein said vinylidene fluoride polymer is a homnpolymer
of vinylidene fluoride.

3. An clcctrodé-forming composition according to Claim
1, wherein sajd vinylidene fluoride polymer is a copolymer
of at least 95 mol. % of vinylidene fluoridc and another
monomer or a modifled product of homopolymer or copolymer of
vinylidene fluoride. B -

4. An electrode-forming composition.according to Claim
1, wherein said vinylidenc fluoride polymer is a carboxyl
group-containing vinylidene fluoride polymer.

5. An electrode-forming composition according to any
one of Claims 1 - 4, formed by mixing the powdery electrode
material with the solutlon held at an elevated temperature.

6. An electrode-forming composition according to Claim
1, wherein said powdery electrode material comprises a
carbonaccous material in the form of particles having an
average diameter of 0.5 - 100 pm.

7. An electrode-forming composition according to

Claim 1, held at an elevated temperature for preventing
gelation.

R A
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8. An electrode structure suitable Ffor use in a non-
aqueous electrolytic solution, comprising: an
clectroconductive substrate, and a composite electrode layer
formed on at least one surface of the electroconductive .
substrate; said composile eleclrode layer 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 dl/g.

9, A process for produeing an eleclrode slruclure,
. comprising:

' forming an electrode-forming composition comprising
a m;xture of a powdery electrode matcrfal with a binder
solution formed by dissolving a vinylidene fluoride polymer
having an inherent viscosity of above 2.0 dl/g and at most
.20 dl/g in an organic solvent, ';f

applying the electrode-rorming compositlun at an’ . -

elevaled temperature onto at 1east one surface of an-
electrocanductive subsirate at an elevated temperature. and

' evaporating the organic solvent to form a composite .
electrode layer comprlsing the powdery electrode material

and the vinylidene f]uoridc polymer on the electroconductive
substrate.

10. An electrode sheet suitable for use in a non-
aqueous electrolytic solulioan, 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 dl/g.

11. A non-aqueous-type ballery. comprising: a positive
electrode. a negalive electrode, and a nan-aqueous
eleclrulytic solution disposed between Lhe positive and
negative electrodes: wherein at least one of the pasitive

'and negative electrodes comprises an eleclrode structure
according to Claim 8.
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VINYLIDENE FLUORIDE POLYMER-BASED BINDER SOLUTION
AND ELECTRODE-FORMING OCOMPOSITION

ABSTRACT OF THE DISCLOSURE

A hinder'solgtion for providing an electrodé
suitable for use in non-aqueous-type electrochemical |
devices, such as a battery and an electric doubie
layer capaciﬁor, is formed by dissolving a vinylidene
fluoride polymer having an inherent viécosity (and
thus a polymerizétion degree) higher than a
conventional level in an organic solvent. An
electrode-forming composition:is formed by dispersing
powdery electrode material in the bindér sblutioﬁ and
is applied onto an electfoconductive substrate while
avoiding the gelation of the polymer, followéd by
drying, to form é composite electrode léyer; which
retains the powdery electrode matgtial at a smaller
amount of vinylidene fluoride polymer than a
conventional levei.and is well resistant to_a'hon—'

aqueous electrolytic solution.

Fig. 1

This is the replacement sheet
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